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Abstract.	 [Purpose] This study aimed to quantitatively analyze characteristics of and changes in internal mus-
cle structure according to the time of delayed onset muscle soreness (DOMS) using ultrasound imaging, thereby 
presenting clinical evidential data for evaluation of muscle damage. [Subjects] We recruited 38 male subjects. 
[Methods] Ultrasound images of the medial gastrocnemius muscle prior to induction of DOMS and immediately 
after, 24 hours after, 48 hours after, and 72 hours after induction of DOMS were obtained, and the thickness and 
pennation angle of the muscle were measured. [Results] The muscle thickness gradually increased until 48 hours 
after induction of DOMS and decreased after 72 hours. The pennation angle also gradually increased until 48 hours 
after induction of DOMS and decreased after 72 hours. [Conclusion] Ultrasound imaging is considered useful for 
assessment of structural characteristics of muscles when muscle damage like DOMS takes place.
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INTRODUCTION

Delayed onset muscle soreness (DOMS) is triggered by 
exercises to which one is not accustomed1). Its symptoms 
start to appear between 8 and 20 hours after the damage 
and reach their peak between 24 and 48 hours after the 
damage2–4). DOMS decreases movement ability and causes 
discomfort in ordinary life5).

Repetitive muscle contraction like DOMS over a long 
period results in microdamage to fast twitch muscle fibers 
and is accompanied by pain, increased muscle tone, local 
edema, a burning sensation, reduced range of motion, de-
creased muscle strength, and muscle fatigue6). Temporary 
muscle damage, including DOMS, is not a severe condition, 
but when pain and muscle spasticity are serious, appropriate 
treatment is required7). When an overload of exercise is sus-
tained under a condition of weakened muscles, permanent 
muscle damage is likely to be induced8). Therefore, research 
aimed at diagnosing muscle damage and verifying treatment 
effects is ongoing.

A lot of research has been conducted to examine muscle 
fiber size, thickness, and shape and structural characteristics 
of the muscles9); at present, structural traits of the muscles 

are evaluated using ultrasound imaging, magnetic resonance 
imaging (MRI), and computed tomography (CT) as science 
and technology and state-of-the-art equipment advance.

Ultrasound imaging is known to be a reliable method 
of measuring the cross-sectional area and volume of the 
muscles and is applied to analyze skeletal muscle adaptation 
to muscle strengthening programs10). Ultrasound imaging 
analysis is inexpensive compared with other diagnostic im-
aging tests like CT and MRI, is noninvasive, and is simple 
to use, and it does not pose the risk of x-ray exposure11). 
Moreover, muscle function and thickness, pennation angle, 
and fascicle length, which are structural characteristics of 
the muscles, may be measured and analyzed through ultra-
sound imaging12–14).

Diverse evaluation tools are used to assess DOMS, 
including muscle strength measurement devices, electromy-
ography, and the algometer, but most assessment tools deal 
with only the functional parts of the muscles. There is a lack 
of research identifying structural changes in the muscles 
through digital imaging analysis. Therefore, this study 
aimed to provide clinical evidential data for the evaluation of 
muscle damage by quantitatively analyzing characteristics 
of and changes in the internal structure of skeletal muscles 
after induction of DOMS.

SUBJECTS AND METHODS

The researchers obtained approval from the Clinical 
Study Ethics Committee of Chunnam Techno University 
(1041557–201403-HR-001-02), recruited male students at 
the university, and explained the purpose and procedure 
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of this experiment to them. The subjects were confined to 
those who voluntarily provided a written agreement to par-
ticipate in this experiment. Forty healthy male students were 
selected as the subjects of this study, and specific criteria for 
inclusion were as follows: the participants had no history of 
diseases related to the legs, had no diseases or pain restrict-
ing exercise, and had not performed sports activities in the 
last two weeks. The number of final subjects was 38, as two 
students elected to drop out. The general characteristics of 
the subjects are shown in Table 1.

In order to induce DOMS in the subjects, the researcher 
instructed them to slowly raise the heel of the nondominant 
leg, maximally contracting the calf muscle, on a 35° slant 
plate devised by the researcher, and then to put down the 
heel slowly, feeling resistance, until the sole touched the 
plane of the plate. The motion was carried out 50 times per 
set, and the subjects carried out two sets. The resting time 
between sets was 30 seconds15). In order to more effectively 
induce DOMS, the researcher applied a shorter resting time 
than in previous research. Measurements were taken a total 
of five times—prior to induction of DOMS and immediately 
after, 24 hours after, 48 hours after, and 72 hours after induc-
tion of DOMS.

The structure of the left medial gastrocnemius muscle 
was measured using an ultrasound imaging device (MyLa-
bOne, Esaote, Italy). The frequency modulation range was 
10 MHz, and as an ultrasonic transducer, a 7.5 MHz linear 
transducer was used. For muscle measurement, the subjects 
lay in a prone position and maintained complete extension 
of the knee joints. While the subjects relaxed, measurements 
were made longitudinally in parallel with the direction of the 
medial belly grain of the gastrocnemius muscle at the loca-
tion of one-third of the length from the center of the knee 
joint to the calcaneus toward the body. Measurements were 
made after marking the measured area with a surgical pen in 
order to precisely maintain the area. To minimize pressure on 
the skin, a sufficient amount of ultrasound gel (Care Sonic, 
Seoul, South Korea) was applied between the transducer 
and the skin, and images were obtained by maintaining the 
transducer vertical to the skin for constant measurement.

The distance between the superior aponeurosis and the 
inferior aponeurosis was measured three times so as not to 
include the aponeurosis in the muscle thickness (Fig. 1). The 
average values were used for analysis.

In order to measure the pennation angle, the fascicles 
located between the superior aponeurosis and the inferior 
aponeurosis of the gastrocnemius muscle were extracted 
from ultrasound images and identified using Image-Pro 
Plus 4.5 (Media Cybernetics, Rockville, MD, USA), and the 
angle between the inferior aponeurosis and the fascicles was 
measured (Fig. 2).

The collected data were analyzed using PASW ver. 18.0 
for Windows. The measured data were derived as average 
values and standard deviations. In order to examine changes 
in the muscle thickness and pennation angle over time, 
one-way analysis of variance was employed, and Tukey’s 
multiple range test was conducted as a post hoc test. The 
significance level was set at α=0.05 in order to verify statisti-
cal significance.

RESULTS

Muscle thickness was statistically significantly different 
among prior to, immediately after, 24 hours after, 48 hours 
after, and 72 hours after induction of DOMS (p<0.001). 
The pennation angle was statistically significantly different 
among prior to, immediately after, 24 hours after, 48 hours 
after, and 72 hours after induction of DOMS (p<0.001) 
(Table 2).

DISCUSSION

DOMS is a physical symptom experienced when muscles 
that are ordinarily not used are utilized excessively, and is 
completely recoverable within 5 to 7 days after its onset. 
Therefore, it is not considered a severe trauma. Nonetheless, 
DOMS may greatly impede ordinary life and performance of 
exercise for health; moreover, if the area of pain is not well 
managed, it may lead to a serious injury.

Eccentric contraction that forcibly increases the length of 
muscles and generates tensile force overextends the normal 
sarcomeres and triggers microdamage to them, resulting in 
damage to the muscle cell membranes. Such damage causes 
local muscle shortening, and when this is severe, muscle cell 

Table 1.	Common characteristics of the subjects 
(N=38, mean ± SD)

Age (yr) Height (cm) Weight (kg)
24.9±2.9 175.6±5.0 69.9±6.4

Fig. 1.  Muscle thickness of medial gastrocnemius

Fig. 2.  Pennation angle of medial gastrocnemius
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necrosis may arise. Consequently, the tensile force of the 
muscle is decreased, and inflammation and edema occur16).

Normal muscles become thicker, their muscle fibers 
are shortened, and their pennation angles become larger 
when they contract compared with when they are at rest17). 
However, damaged muscles necessarily exhibit mechanical 
property changes, which are closely related to changes in 
their internal structures, including fascicle length, pennation 
angle, and muscle thickness18).

Ultrasound imaging equipment that measures such 
structural changes in the muscles is known to facilitate 
integrated analysis via noninvasive, structural, quantitative, 
and qualitative evaluation of the muscles19). It also allows 
muscle shape and structure to be visualized, and the muscles 
to be quantified11).

The pennation angle refers to a direction angle between 
muscle fibers and tendons. A muscle whose pennation angle 
is 0° delivers 100% of contractility to the tendons, while a 
muscle with a pennation angle of 30° sends only 86% of 
its contractility to the tendons. The pennation angle of most 
human muscles ranges from 0 to 30°20). Reeves et al.21) 
reported that a structural change in skeletal muscle relat-
ing to parameters such as the pennation angle and fascicle 
length occurred according to changes in muscle strength, 
and Fukunaga et al.22) noted that the pennation angle was 
fairly important in determining functional characteristics of 
the muscles and was associated with force generation in the 
muscle-tendon complex.

Existing research on ultrasound imaging has mostly dealt 
with changes in the internal structure of the muscles during 
maximal voluntary isometric contraction, but such an ap-
proach may trigger personal and rater errors. Therefore, in 
order to precisely measure ultrasound images, the present 
study focused on the internal structure of the muscles during 
relaxation, not during contraction. Thus, this study identi-
fied whether there were changes in the internal structure of 
the muscles according to muscle damage during relaxation, 
attempting to provide clinical evidential data for muscle 
damage evaluation.

According to the results, the muscle thickness and penna-
tion angle over time after the induction of DOMS statistically 
significantly increased relative to prior to the experiment. 
They gradually increased from right after induction to 48 
hours after induction and then decreased. Nosaka and Clark-
son23) measured muscle thickness using ultrasound imaging 
in order to look at changes in the muscular edema caused 
by DOMS after eccentric contraction exercise and reported 
that inflammatory edema and protein synthesis resulted in 
edema 2 days after the induction of DOMS and connective 
tissue proliferation 3 to 4 days after induction, with a great 
increase in the muscle thickness. Sbriccoli et al.4) induced 

DOMS through eccentric contraction and measured changes 
in muscle thickness using ultrasound imaging; the muscle 
thickness started to increase immediately after the induction 
of DOMS, grew by about 17% two days after induction, and 
then gradually recovered, which was similar to the present 
study results. This probably occurred because muscle dam-
age increased muscle tone and muscular edema, thereby 
augmenting the thickness of the muscles. Arampatzis et al.24) 
noted that the pennation angle became considerably larger 
during maximal voluntary isometric contraction compared 
with during relaxation. Moreover, Nagayoshi et al.25) ob-
served that there was significant correlation between the pen-
nation angle and maximal voluntary isometric contraction. 
Maganaris et al.26) reported that structural characteristics of 
the muscles changed considerably during maximal volun-
tary isometric contraction, showing that muscle contractility 
and the pennation angle were closely related. In addition, 
Lieber and Friden20) noted that the more muscle contractility 
decreased, the more the pennation angle increased, support-
ing the present study results.

To sum up the findings of the present study, microdamage 
to the sarcomeres resulting from DOMS triggers decreased 
muscle tensile force, inflammation, and edema, thereby 
increasing the thickness of muscle fibers and the pennation 
angle. This in turn aggravates pain and lowers muscle con-
tractility.

The limitations of this study are as follows. First, the 
number of subjects in this study was small, as it was per-
formed with only 38 male college students. Therefore, it is 
difficult to generalize this study result to females and those 
in different age ranges. Second, food intake and levels of 
activity of the subjects were not controlled. Third, the vari-
able measurement interval was not minute; measurements 
were made at intervals of 24 hours.

Ultrasound imaging is regarded to be effective in evaluat-
ing structural muscle traits after inducing muscle damage 
such as DOMS. In addition to structural assessment, future 
research involving qualitative evaluation of imaging density 
and comparison of differences according to muscle con-
traction and relaxation after muscle damage is considered 
necessary.
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