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Abstract

Background: A decrease in flexibility of the infraspinatus muscle causes limitations in the
range of shoulder motions. Static stretching (SS) is a useful method to improve muscle
flexibility and joint mobility. Previous researchers investigated effective stretching
methods for the infraspinatus. However, few researchers investigated the acute effect of
SS on the infraspinatus muscle’s flexibility. In addition, the minimum SS time required
to increase the infraspinatus muscle’s flexibility remains unclear. The aims of this study
included investigating the acute effect of SS on the infraspinatus muscle’s hardness (an
index of muscle flexibility) by measuring shear elastic modulus and determining
minimum SS time to decrease the infraspinatus muscle’s hardness.

Methods: This included measuring the effect of SS with extension and internal rotation
of the shoulder on the infraspinatus muscle’s hardness in 20 healthy men. Hence, shear
elastic modulus of the infraspinatus was measured by ultrasonic shear wave elastography
before and after every 10 seconds up to 120 seconds of SS.

Finding: Two-way analysis of variance indicated a significant main effect of SS duration
on shear elastic modulus. The post hoc test indicated no significant difference between
shear elastic modulus after 10 seconds of SS and that before SS. However, shear elastic
modulus immediately after a period ranging from 20 seconds to 120 seconds of SS was
significantly lower than that before SS.

Interpretation: The results suggested that shoulder extension and internal rotation SS
effectively decreased the infraspinatus muscle’s hardness. In addition, the results
indicated that a period exceeding 20 seconds of SS decreased the infraspinatus muscle’s

hardness.
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1 Introduction
Rotator cuff muscles play an important role in shoulder function because these muscles
contribute to the dynamic stability of a shoulder joint 3. Decrease in soft tissue flexibility
of the posterior shoulder region, including the infraspinatus, teres minor, and posterior
glenohumeral joint capsule, is defined as posterior shoulder tightness * 2. Several
researchers have indicated that posterior shoulder tightness causes glenohumeral internal
rotation deficit (GIRD) and limited range of motion (ROM) in the internal rotation of the
shoulder ® 22, A few others investigated the relationship between shoulder injuries and the
manifestations of GIRD & 26, The researchers indicated that the manifestations of GIRD
are linked to nonspecific shoulder pain &, and those affected are at high risk for the
development of shoulder pathologic processes 26, Some reports have shown that treatment
of GIRD with physical therapy improves flexibility of the posterior shoulder muscles 4,

In general, static stretching (SS) is recommended as an effective intervention to
increase muscle flexibility and joint ROM. Specifically, SS is an effective method that
prevents joint contracture, decreases muscle strain, and improves muscle flexibility.
Several prior studies have shown that maximum ROM increased immediately after SS >
¢ and that the passive torque or muscle-tendon unit stiffness decreased after SS 7 3,
However, it is not possible to assess the flexibility of individual muscles in the shoulder
using these traditional measurements, such as passive torque and muscle stiffness,
because of the complex shoulder joint construction and also because of the fact that ROM
is affected by pain and stretch tolerance.

Researchers recently assessed muscle hardness as an index of muscle flexibility using
ultrasonic shear wave elastography 2 12% 31 Ultrasonic shear wave elastography enables

reliable measurement of local tissue in vivo. Several authors used shear elastic modulus
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measured by ultrasonic shear wave elastography and investigated the effect of SS on
muscle hardness, 28, In addition, Nakamura et al delineated a significant correlation
between rate of change in shear elastic modulus and rate of change in muscle stiffness 28,
Furthermore, Rosskopf et al determined that ultrasonic shear wave elastography is
reproducible to assess the shoulder muscles 4. Therefore, the effect of SS on shoulder
muscle hardness could be assessed using ultrasonic shear wave elastography.

To stretch muscles effectively, it is important to define appropriate SS positions and a
minimum length of time required for SS to increase muscle flexibility. Several researchers
suggested SS positions for shoulder muscles based on kinesiology and anatomy 6 33, A
previous cadaveric study showed that the middle portion of the infraspinatus is most
stretched in internal rotation with shoulder extension, and the inferior portion of this
muscle is most stretched in internal rotation during shoulder elevation as well as during
shoulder extension 6, Therefore, we concluded that shoulder internal rotation with
extension or elevation is the effective SS position for the infraspinatus muscle. In addition,
the minimum time required for SS to increase infraspinatus muscle flexibility remains
unclear. Determination of appropriate SS time could be useful for clinical sites and
preparatory activities (exercise and warm-up). A few researchers have examined the
minimum time for SS of the lower limbs °2°, However, no researchers have examined
the minimum time required for SS for upper limb muscles. The SS minimum time
required to increase muscle flexibility could differ across the muscles. The aim of this
study included investigating the acute effect of SS on infraspinatus muscle hardness and

identifying the minimum time required to decrease infraspinatus muscle hardness.
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2 Methods
2.1 Subjects
Twenty healthy men with no previous history of orthopedic disease in the shoulder (age,

22.7% 1.5 years) were recruited for this study. Each subject provided written informed

consent before taking part in the study. The sample size required for a 2-way analysis of
variance (ANOVA) with repeated measures (effect size = 0.25 [medium], o error =.05,
and power = 0.95) was calculated using G* power 3.1 software (Heinrich Heine
University, Duesseldorf, Germany). We used G* power to calculate the necessary sample
size based on the effect size, a error, and power. Elicited results have suggested that 17

subjects were required for the current study.

2.2 Experimental protocol

A crossover trial design was adopted to investigate the effect of stretching position on the
decrease in muscle hardness. All subjects participated in both the stretching condition and
the control condition. A set of the stretching condition consisted of 10 seconds of SS and
a 30-second period during which the shear elastic modulus of the infraspinatus muscle
was measured. Subjects participated in 12 consecutive sets (total SS time 120 seconds).
A set in the control condition involved the subject’s relaxing in a prone position for 10
seconds with the subject’s upper limbs against the body and a 30-second period to
measure shear elastic modulus. Subjects participated in 12 sets. Shear elastic modulus of
the infraspinatus was measured before SS (SS0) and 12 times immediately after SS (SS1-

SS12), thereby corresponding to a total of 13 times in the study.

2.3 Measurement of the shear elastic modulus
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Ultrasonic shear wave elastography (Aixplorer, SuperSonic Imagine, Axi-en-Provence,
France) with a SuperLinear SL 10-2 probe was used to assess the shear elastic modulus
of the superior portion of the infraspinatus muscle in the nondominant shoulder. Some
subjects had experience in participating in overhead sports. Therefore, we choose the
nondominant side to examine only the effect of SS on infraspinatus muscle hardness. The
position for measuring the shear elastic modulus of the infraspinatus muscle was termed
as the prone position, in which subjects placed their hands behind their backs and brought
thumb tips in line with the eighth thoracic vertebra (Fig. 1). The measurement site was
defined as the intersection point of 2 lines; 1 line connected a point at the top fourth from
the medial margin of spine of the scapula to the inferior angle of the scapula and greater
tubercle, and the other line connected the middle point of the spine of the scapula and the
inferior angle of the scapula (Fig. 2). These lines were marked on the skin with the subject
prone, and the muscle belly was then specifically marked. The probe was placed parallel
to the muscle fiber, and it was confirmed that the muscle fiber was uninterrupted on the
ultrasonic image.

The calculation of the shear elastic modulus was based on previous studies *®2*, The shear
elastic modulus was calculated from the mean shear wave speed within the region of
interest. This process was automatically computed by ultrasonic shear wave
elastography. All measurements of shear elastic modulus were performed by the same
investigator. The shear elastic modulus was measured 3 times. and the mean value was
used for the analysis. Each measurement was performed in a period of< 30 seconds to
prevent the effect of measurement position on infraspinatus muscle hardness. Nakamura
et al. indicated a significant correlation between rate of change in shear elastic modulus

and rate of change in muscle stiffness 8.
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2.4 Measurement reliability of the shear elastic modulus
The reliability of the shear elastic modulus measurement was calculated using intraclass

correlation (1.1) for the 3 measurements at SSO in the control condition.

2.5 Measurement of range of ROM

A digital angle gage (WR300; Wixey, Sanibel, FL, USA) was used to measure passive
ROM of internal rotation in the shoulder at SSO and SS12. The ROM measurement of
internal rotation was performed with the shoulder at 90° abduction and the elbow at 90°
flexion at the prone position. Each measurement was performed 3 times, and the mean
values were used for analysis. The maximum ROM of internal rotation was defined as

the angle at which the inferior angle of the scapula began to move.

2.6 Stretching position

Extension and internal rotation SS of the shoulder was performed using a previously
defined position to stretch the middle and inferior portion of the infraspinatus muscle 6.
The nondominant upper limb was chosen for the SS. The SS starting position was defined
as the prone position, in which subjects placed their nondominant hands behind the back
with their palms facing upward. In the study, the investigator stabilized the scapula with
1 hand while cranially moving the subject’s nondominant upper limb along the spine (Fig.
3). The stretching was performed to the maximum height that could be achieved by the

subject without discomfort or pain.

2.7 Statistical analysis



180

181

182

183

184

185

186

187

188

Effect of static stretching on infraspinatus

Statistical analysis was performed using SPSS (version 18.0; SPSS Japan Inc., Tokyo,
Japan). To investigate the effect of SS on infraspinatus muscle hardness and ROM of
internal rotation of the shoulder, differences in shear elastic modulus and ROM SS0 and
SS1-SS12 were assessed by a 2-way ANOVA with repeated measures using a 2-factor
(SS intervention [stretching vs. control]xmeasurement duration [13 conditions]) design.
The differences of the shear elastic modulus between SSO and SS1-SS12 were determined
using Dunnett post hock test when a significant interactive effect was found. The
differences of ROM of internal rotation between SSO and SS12 were determined using

the paired Student t-test. A significance level of .05 was used in all the statistical tests.

10



189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

Effect of static stretching on infraspinatus

3 Results
3.1 Measurement reliability

The reliability of the shear elastic modulus for the 3 measurements at SSO in the control
condition corresponded to intraclass correlation (1.1) of 0.939 (95% confidence interval,

0.879-0.973), which was significant.

3.2 Comparison of shear elastic modulus and ROM
The shear elastic modulus of each measurement time is shown in Table 1 as a mean =+

standard deviation. The results of the 2—way ANOVA indicated a significant main effect
of measurement duration, with significant interaction between SS intervention and
measurement duration. The post hoc test indicated that there were no significant
differences between SSO and SS1-SS12 with respect to shear elastic modulus in the
control condition. In addition, there was no significant difference between SS0 and SS1
with respect to shear elastic modulus in the stretching condition. However, shear elastic
modulus at SS2-SS12 were significantly lower than that at SSO in the stretching
condition.

The ROM of internal rotation at SSO and SS12 is shown in Table 2 as mean = standard

deviation values. The results of the 2-way ANOVA indicated a significant main effect of
measurement duration with significant interaction between SS intervention and
measurement duration. The post hoc test indicated no significant difference between SSO
and SS12 with respect to internal rotation ROM in the control condition. However, the
results indicated that internal rotation ROM at SS12 was significantly greater than that at

SS0 in the stretching condition.

11
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4 Discussion

In the study, shear elastic modulus of the infraspinatus muscle was significantly lower
and internal rotation ROM was greater after 120 seconds of SS when compared with that
before SS. This was the first study to investigate the acute effect of extension and internal
rotation SS of the shoulder on the infraspinatus muscle’s hardness and ROM by using
shear elastic modulus measured via ultrasonic shear wave elastography. Several previous
authors examined the effect of SS on decrease in posterior shoulder tightness. Many
researchers have used SS with the arm in an elevated position (e.g., the cross-body stretch),
in which the shoulder was horizontally adducted ** or sleeper stretch, in which the
shoulder was internally rotated 2. However, a previous cadaveric study showed that
middle portion of the infraspinatus muscle was most stretched during internal rotation
with shoulder extension. In addition, the inferior portion was also stretched in this position
and did not exhibit any significant differences from internal rotation in elevation °. Hence,
the infraspinatus could be stretched more effectively by SS using extension compared
with that with respect to SS at elevation.

Previous researchers indicated that ROM of internal rotation and horizontal adduction
in the shoulder increased immediately after 60 seconds or 180 seconds of SS 1> 2 and that
the infraspinatus muscle’s hardness decreased immediately after 150 seconds of cross-
body stretch® or after a 4 week SS intervention **. The findings in this study confirmed
the effect of extension and internal rotation SS by directly measuring the muscle hardness
and indicated that decrease in the infraspinatus muscle’s hardness was observed 20
seconds after the initiation of SS. Therefore, it is probably necessary to stretch for at least
20 seconds in order to decrease the infraspinatus muscle’s hardness.

A few publications indicated that the time required for effective SS in the lower limbs

12
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is 2.5 minutes 2° or 7.5 minutes **. These time periods are sufficient in decreasing the
passive torque and muscle-tendon unit stiffness of the hamstrings. Nevertheless, the
infraspinatus muscle’s hardness was decreased immediately after 20 seconds of SS in
this study. A potential reason for the shorter times of SS in this study compared with that
in previous studies could be the differences in muscles structure (size, physiological
cross-sectional area [PCSA], and fascicle angles), stabilization of the scapula, and the
use of shear elastic modulus as an index of muscle hardness.

The referred researchers examined the effective time needed for SS of the lower limbst®
20 However, in this study, we examined the effective time needed for SS of the
infraspinatus muscle. The PCSA of the infraspinatus muscle is very small compared with
that of the hamstrings *® . It was hypothesized that muscle tension per PCSA would
increase if the PCSA of the muscle decreased and the tension applied by SS was equal.
Therefore, the reason for the decrease in the infraspinatus muscle’s hardness with respect
to shorter SS time could be explained by the large muscle tension per PCSA. In addition,
researchers have shown that scapular stabilization during the cross-body stretch increased
the effects of stretching on the posterior glenohumeral joint ROM 22 and the infraspinatus
muscle’s hardness %, In this study, the infraspinatus muscle could be effectively stretched
because of the stabilization of the scapula during SS. In addition, the shear elastic
modulus was used as an index of muscle hardness instead of ROM. In general, the effects
of SS were calculated using ROM as an index of joint flexibility. However, several
researchers indicated that the assessment of ROM is inadequate in evaluating muscle
flexibility because maximum ROM measurements are influenced by pain and stretch
tolerance®™ 2. In contrast, the shear elastic modulus is calculated using the shear wave

propagation speed within the muscle belly. Therefore, the shear elastic modulus assessed

13
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muscle hardness. In this respect, the shear elastic modulus might be more sensitive to
muscle hardness compared with ROM.

The results indicated that there may be differences in the minimum SS time required
to decrease muscle hardness among muscles. In the future, it is necessary to investigate
the acute effect of SS on the hardness of various muscles and to reveal the relationship
between the minimum SS time required to decrease muscle hardness and muscle
structures.

This study has a few limitations. First, it was not possible to compare muscle tension
during SS in the study with previous literature because of differences in muscle flexibility
indices. Second, only the acute effect of SS was examined, and therefore the effect of a
long term SS intervention program is unclear. Third, the subjects in this study were
healthy young men. Equivalent acute effects of SS cannot be consistently expected in
older people and patients with shoulder symptoms. Further research is required to
investigate the intervention effect of SS in older people and patients with shoulder
symptoms to facilitate clinical application. Fourth, only the nondominant extremity was
assessed in this study. So, the effect of SS on the overhead sports player with restriction
in ROM of the dominant shoulder is unclear. Fifth, this study protocol was repeated
measures. No repeated measure was required to determine if this change was only

temporary or maintained.

14
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5 Conclusions

The results of this study indicated that the infraspinatus muscle’s hardness is decreased

whereas ROM of internal rotation is increased immediately after internal rotation and

extension SS of the shoulder. Furthermore, the findings suggested that the infraspinatus

muscle’s hardness decreased after a minimum of 20 seconds of SS.

15
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Figure 1. The position in which shear elastic modulus of the infraspinatus is measured.
One investigator placed the subject’s hand behind the subject’s back, and brought the tip
of the subject’s thumb in line with the eighth thoracic vertebra in a prone position. The
other investigator measured shear elastic modulus of the infraspinatus with region of

interest matching at the center of muscle belly.
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Figure 2. The site of measuring shear elastic modulus of the infraspinatus. The
measurement site is defined as the intersection point of 2 lines. One line connects a point
at the top fourth from the medial margin of spine of the scapula (MSS) to the inferior
angle of the scapula (1A) and greater tubercle (GT). The other line connects the 1A and

the middle point between MSS and lateral margin of the spine of the scapula (LSS).
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Figure 3. The static stretching position with internal rotation with extension of the
shoulder. The nondominant upper limb is selected for the static stretching. The
investigator places the subject’s nondominant hand behind the subject’s back with the
subject’s palm facing upwards. The investigator stabilizes the subject’s scapula with 1
hand while moving the nondominant upper limb of the subject cranially with the other
hand, such that a point at the maximum possible height on the subject’s spine can be

reached while ensuring that the back of the subject’s hand remains adhered to the

subject’s back.
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430  Table 1. Shear elastic modulus of the infraspinatus in the stretching duration from SSO0 to

431  SS12
Stretching Control
Shear elastic P value Effectsize  Shearelastic  Pvalue Effectsize
Modulus Modulus
(kPa) (kPa)
SS0 9.0+3.2 8.9+3.3
SS1 8.2+3.0 .288 0.27 9.4+2.9 1.0 0.01
SS2 7.7£3.2 012 0.43 9.2+3.2 1.0 0.05
SS3 7.8+£3.0 .032 0.40 9.2+3.6 1.0 0.05
SS4 7.5+2.4 .002 0.56 9.4+3.6 .660 0.15
SS5 7.9+2.6 .046 0.40 9.2+3.1 999 0.07
SS6 7.4+25 .002 0.55 9.0+3.0 835 0.13
SS7 7.9+2.3 .046 0.42 9.2+4.0 999 0.06
SS8 7.4+2.7 .001 0.56 9.1+3.3 997 0.07
SS9 7.6x£3.0 .005 0.48 9.5+3.2 1.0 0.02
SS10 7.6%2.3 .006 0.52 9.5+3.4 1.0 0.03
SS11 7.3£2.6 .001 0.58 9.0+3.0 927 0.11
SS12 7.6%£2.5 .005 0.52 9.5+3.8 1.0 0.02
432

433  SS, static stretching.
434  Pvalue and effect size of SS1-SS12 compared with SSO.
435  Values are expressed as mean value + standard deviation. The effect size of SS1-SS12

436 with respect to SSO represents Cohen’s d values.

23



437

438

439

440

441

442
443

444

445

Effect of static stretching on infraspinatus

Table 2. Range of motion of internal rotation in the shoulder at 90° abduction with the

elbow in 90° flexion at SSO and SS12.

Stretching Control
Range of Pvalue  Effectsize Range of Pvalue Effect size
motion motion
) )
SSO 61+8 66+9
SS12 659 .001 0.52 6619 287 0.08

SS, static stretching
P value and effect size of SS12 compared with SSO.

Values are expressed as mean value + standard deviation. The effect size of SS12 with

respect to SSO represents Cohen’s d values.
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