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(Introduction] Over a 3-year period, an elite
13-year-old diver’s strength increased, along
with height and weight, but flexibility of the
posterior muscle group of the lower limb (PML)
(e.g., hamstrings and triceps surae muscle) did
not increase [1]. Flexibility decreases when
muscle stiffness temporarily increases because
of overuse, such as during intensive training,
making disorders (e.g., low back pain) highly
likely to occur [2]. On the other hand, during
training camps, jumping into a pool occurs
repeatedly; thus, muscle stiffness in the anterior
muscle group of the lower limb (AML) (e.g,
rectus femoris [RF], vastus lateralis [VL] and
tibialis anterior [TA]) may also increase. To
verify this hypothesis, we examined flexibility
changes, including AML muscle stiffness,
during a training camp for junior elite divers.
[Methods] Eleven male and female elite
divers from Japan’s national junior team (13
—17-years-old) participated. Shear wave
elastography was used to measure muscle
stiffness, indicative of muscle flexibility, of
the RF, VL, semi-tendinous muscle [SM], TA,
and gastrocnemius medial head (GM).
Measurements were taken before the training
camp (PRE), and on training camp days 1
(D1) and 2 (D2). Two-way (time X muscle)
repeated measures ANOVA, and subsequent
multiple comparisons (Bonferroni post-hoc
tests) were used to compare PRE, D1, and D2



measurements for each individual muscles.
[Results] The shear modulus (kPa) of each
muscle in the PML (SM, GM) increased
significantly from PRE to D2 (P <0.05).
Similarly, the shear modulus of AML muscles
(RF, VL, TA) also increased significantly
from PRE to D2. An inter-muscle difference
(normalized to PRE) was detected between
the RF and SM at D2.

[Discussion] The shear modulus
measurements for the PML muscles were
largest on D2; similar results were obtained
for the AML muscles. This suggests that
muscle stiffness changes do not occur only
in the PML; thus, information on the AML
muscles should be added to the muscle
condition check.
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We sought to identify changes in individual
muscle hardness after a full marathon and to
track time-dependent changes using ultrasound
strain elastography (SE). The use of ultrasound
elastography to assess muscle hardness has
been increasing in recent years. Several
different ultrasound elastography methods are
currently in use, including SE and shear wave
elastography. These ultrasound-based
techniques are capable of capturing the
distribution of hardness and stiffness within
individual muscles, and thus show promise
for direct measurement of the mechanical
properties of individual muscles. In this
study, twenty-one collegiate marathon
runners were recruited. Muscle hardness
(i.e., strain ratio, SR) was measured using SE
for the rectus femoris (RF), vastus lateralis
(VL), biceps femoris long head (BF), tibialis
anterior (TA), gastrocnemius medial head
(GM), and soleus (SOL) muscles at the
following time points: pre (PRE), immediately
post (POST), day-1 (D1), day-3 (D3), and
day-8 (D), after a full marathon. We found
that the SR decreased after the full marathon
(i.e., the muscle became harder), and that
the lowest SR across all measured muscles
was observed on D1. Although there was no
difference in the magnitude of change in SR



between the muscles of the thigh, that of the
MG and SOL were significantly larger than
that of the TA. Muscle hardness in the VL, BF,
and SOL recovered at D8 (i.e., non-significant
difference from PRE), whereas recovery of RF
and GM hardness at D8 was not observed.
Thus, the degree of change in muscle hardness
does not occur uniformly within the lower
extremity muscles. In particular, changes in
muscle hardness of the TA after a full marathon
is small compared with other muscles and
time-dependent changes in each muscle varies
during recovery. The features of muscle
hardness identified in this study will be
useful for coaches when mentoring runners
on proper forms and for training advisers and
therapists who seek to address deficiencies in
running.
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