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The minimum time required for Static stretching (55) I change the passive propertics of the muscle
~tendon unit (MTU), as well as the association between these passive properties, remans unclear,
This study investigated the tme course of changes in the passive properties of gaswocnemius MTU
during 5 min of 55

The subjects comprised 20 healthy males (220 + 18 years) Passive tomue as an index of MTU

and i Jjunction (MT]) displacement as an index of musde extensibility were
assessed using ultrasonography and dynamometer during 5 min of S5. Significant differences before and
every 1 min during SS were determined using Scheffés post hoc test. Relationships between passive
tomque and MT] displacement for each subjed wer determined wing Pearson's produd —moment

Although gradual change s in both passive tomue and MT] displacement were demonstrated over every
‘minute, these changes beame statistically signifiant after 2, 3, 4, and 5 min of 55 compared with the
values before 55, In addition, passive tomue after 5 min S5 was significantly lower than that after 2 min
55, Similarly, MT] after 5 min S5 was signi higher than that after 2 min S5, A strong
correlation was observed between passive loque and MT] displace ment for each subject (r= 088610

These results suggest that S5 for more than 2 min effectively increases musde extensibility, which in
resistance.

& 2012 Elsevier Lid. All rights reserved.
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1. Introduction

Limited joint mobility and decreased muscle flexibility are
common problems in clinical situations and athletic settings. Static
stretching (SS) is a useful method for preventing joint contracture
and improving joint mobility and muscle flexibility. Although

maximum ROM as an outcome measure in various studies
However, the use of ROM for this purpose has several limitations.
For example, ROM are i d

‘many factors, such as pain, stretch tolerance, and reflex activation
of the agonist muscle (Sale et al, 1982; McHugh et al, 1998},
Measuring passive torque and muscle—tendon unit(MTU) stiffness

recent studies have suggested that 58 may not reduce the il
of injury {Thacker et al, 2004), and that 55 may actually decrease
muscle strength and performance (Behm and Chaouachi, 2011
Simic etal, in press), many previous studies have reported that the
‘maximum rangs of motion (ROM) increased immediately after 55
(Hubley etal,, 1984; Halbertsma et al., 1996 Depino et al, 2000; de
Weier et al, 2003; Boyce and Brosky, 2008; Ryan et al., 2008b;
O'Sullivan et al, 2009). The effects of 55 have been estimated using
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using a are effective approach for determining the
resistance of MTU during passive movements (Toft et al, 198%a;
Magnussen et al, 1996h). Passive torque represents the amount of
resistance provided by the MTU at a given joint angle (Toft et al.
1989a), while MTU stiffness is the shape of the torque-angle
curve which demonstrates the relationship between passive tor
que and joint angle (Magnusson et al, 1996b). Recently, noninva-
sive methods of measuring the passive properties of muscles and
tendons, such as Juncrion (MT] ) di have
been developed using ultrasonography during passive movement
(Morse et al., 2008; Kay and Blazevich, 20093, 2009b, 2010; Mizuno
et al, in press; Morse, 2011; Morse et al., 2008; Nakamura et al,
2011, 2012),
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MTT chsplacement X

x| 2
Table 1
AEP|E 58 SPt 5 EJ(passive torque)2t ZF-EE #42|(MT) displacement)2| #45}
Passive torque (Nm ) MT] displacement (cm)

Before S5 494 4+ 29 (43.7-55.2) 0.90 + 0.06 (0.79-1.01)

1 min 429 + 2.6 (379-479) 1.13 £ 0,07 (1.01-1.26)

2 min 375+ 24(327-423)" 121 £ 0,07 (1.07-1.35)"

3 min 36.8 £ 2.4(32.0-416)" 125+ 007 (1.10-1.39)*

4 min 359 +£ 2.4 (31.1-40.7)"" ## 130 £ 007 (1.15-1.45)"" ##

5 min 333 +£23(288-379)" ## 5% 135+008 (1.20-1.50)" #4# 53¢
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