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Purpose

Dynamic stretching (DS) improvements in performance that may be expected to apply for elderly
people’s health promotion and patients in physical therapy. Almost of all previous studies had
conducted DS in over 50 beats/min speed of joint movements, however this quick joint movement
will be difficult to apply for elderly people and persons with disabilities. Therefore, we thought it is
important to compere effects of general 50 beats/min speed DS and slow 10 beats/min speed DS.

Ultrasound elastography is a noninvasive technique developed recently for the measurement of
tissue hardness within the body. Nakamura et al. (2014) used ultrasound elastography and investigated
the acute change of muscle hardness after static stretching (SS) of the gastrocnemius muscle. They
reported a significant decrease in medias gastrocnemius (MG) muscle hardness immediately after SS.
However, there are no published data of DS studies using ultrasound elastography for measuring acute
changes in muscle hardness after intervention.

Therefore, the purpose of this study was to investigate the acute effects of SS, general-speed DS

(GDS; 50 beats/min) and slow-speed DS (SDS; 10 beats/min) of the gastrocnemius muscle on muscle
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hardness measured by RTE and on isokinetic plantarflexion peak torque.

Subjects and Methods

Ten males and Ten females (ages 21-34 years) participated in this crossover study. All subjects
participated in three stretching conditions and one control condition, which were randomly allocated
and conducted on separate days with at least 24 h recovery between each intervention. The SS
condition was held for 60 s, the GDS condition was performed as 12 repetitions at a velocity of 50
beats/min, the SDS condition was performed as 12 repetitions at a velocity of 10 beats/min and the
control condition was at rest for 60 s. MG muscle hardness, ankle passive dorsiflexion range of motion,
and isokinetic plantarflexion peak torque were measured. Measurements were conducted before and
after each of the three conditions. Repeated measure ANOVA [Subjects X Factors (pre-SS vs. post-
SS vs. pre-GDS vs. post-GDS vs. pre-SDS vs. post-SDS vs. pre-CON vs. post-CON)] followed by the
Bonferroni multiple comparison test was used to statistical analyze muscle hardness, range of motion,

and isokinetic peak torque values.

Results

Muscle hardness decreased in the SS condition (P < 0.01, » = 0.80), the GDS condition (P <0.01 r =
0.79) and the SDS condition (P < 0.01, » = 0.80). Range of motion increased in the SS condition (P <
0.01, » = 0.86), the GDS condition (P < 0.01, r = 0.84) and the SDS condition (P < 0.01, » = 0.85). The
control condition showed no changes in muscle hardness and range of motion after the intervention.
Isokinetic peak torque decreased in the SS (P < 0.01, » = 0.70), but not in the GDS, SDS and control

conditions.

Discussion

The acute effects of SS and DS on muscle hardness of the MG muscle were investigated using
RTE. This study is the first to present the acute changes in muscle hardness after DS using ultrasound
elastography and also compere general-speed DS with slow-speed DS (50 beats/min speed vs. 20
beats/min speed). The present results indicated that there was a significant decrease in muscle
hardness after SS, GDS and SDS (P < 0.01, in all conditions), and no significant difference between
SS and both DS. GDS and SDS, both of which provided similar decreases to SS for muscle hardness

by these DS-induced mechanisms. The mechanism underlying the decrease in muscle hardness after
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SS may be decreased neuromuscular activation (i.e. a motor neurons) and change in the properties
of the intramuscular connective tissue, rather than muscle fiber lengthening (Ryan et al. 2008).
The mechanisms after DS were increases in physiological temperature and reciprocal inhibition by
voluntary contraction of the antagonist (Behm and Chaouachi 2011).

In addition, the present results showed that SS, GDS and SDS induced a significant increase in
ROM (P < 0.01, in all conditions), with no significant difference between SS and both DS (P = 1.00, in
both conditions). The acute increases in ROM have been considered to be effective in improving the
flexibility of muscle tissue (O’Sullivan et al. 2009). Hence, ROM changes after SS and DS may reflect
changes in muscle hardness after SS and DS.

For plantarflexion peak torque, the results of the present study showed that SS decreased isokinetic
peak torque of the plantar flexor muscles (P < 0.01), but there were no changes in strength as a result
of GDS and SDS (P = 1.00, both of conditions). These results are consistent with previous studies that
reported acute decreases in muscle strength after SS, which has since been termed the stretching-
induced deficit (Behm and Chaouachi 2011). Two hypotheses have been proposed to explain the
stretching-induced deficit. They are mechanical factors, such as decreases in muscle hardness and
increases in the resting length of sarcomeres that alter the length-tension relationship of a muscle, and
neuromuscular factors, such as altered motor control strategies and/or reflex sensitivity. With DS, on
the other hand, previous studies (Behm and Chaouachi 2011) reported the mechanisms of DS-induced
positive effects, with elevations of muscle and body temperatures, post-activation potentiation which
is the transient improvement of muscular performance after a previous contraction in the dynamically
stretched muscle (Houston and Grange 1990), stimulation of the nervous system, and/or decreased
inhibition of antagonist muscles.

Collectivity, these results indicated that both general-speed and slow-speed DS decrease muscle
hardness and expand ROM as well as SS, without loss in muscle strength than SS. The mechanism
of DS-induced positive effects may less detrimental to muscle force production than SS. Therefore,
regardless of whether the speed was general or slow, DS may have greater applicability than SS to
expand flexibility without decreasing muscle strength. For example, athletes should incorporate a DS
into their warm-ups before exercise. Moreover, previous study showed that poor flexibility increases
arterial stiffness in wide generations (Nishiwaki et al. 2014). Both general and/or slow-speed DS may
be useful for physicians in medical rehabilitation and health promotion, improving muscle hardness,
conditions and ROM, especially in this slow joint movement expected to apply for elderly people and

persons with disabilities.
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Conclusions

These results suggest that dynamic stretching may have greater applicability than SS to expand
flexibility without decreasing muscle strength. DS may be useful for medical rehabilitation and health
promotion improving muscle hardness and conditions, especially in slow-speed DS expected to apply

for elderly people and persons with disabilities.
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