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Abstract 

Objectives 

The purpose of this study was to examine the effect of long-term self-massage at the 

musculotendinous junction on hamstring extensibility, stiffness, stretch tolerance, and 

structural indices.  

Design 

Single-blind, randomized, controlled trial.  

Setting 

Laboratory. 

Participants 

Thirty-seven healthy men. 

Intervention 

The right or left leg of each participant was randomly assigned to the massage group, 

and the other leg was assigned to the control group. The participants conducted self-

massage at the musculotendinous junction for 3 minutes daily, five times per week, for 

12 weeks.  

Main Outcome Measures 

Hamstring extensibility, stiffness, stretch tolerance, and structural indices were 
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measured by a blinded examiner prior to the massage intervention and after 6 and 12 

weeks of intervention.  

Results 

The maximum hip flexion angle (HFA) and the maximum passive pressure after 6 and 

12 weeks of intervention in the massage group were significantly higher than prior to 

intervention. The visual analog scale (for pain perception) at maximum HFA, the 

stiffness of the hamstring, and the structural indices did not differ in either group over 

the 12 week period.  

Conclusions 

Our results suggest that long-term self-massage at the musculotendinous junction 

increases hamstring extensibility by improving stretch tolerance. However, this 

intervention does not change hamstring stiffness. 

 

Key words 

hamstring extensibility, stretch tolerance, self-massage, musculotendinous junction   
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1. Introduction 

Good hamstring extensibility and optimal stiffness is needed for sport but also 

functional activity (Bradley & Portas, 2007; McHugh, Connolly, & Eston, 1999; 

Witvrouw, Danneels, & Asselman, 2003; Ylinen, Kankainen, & Kautiainen, 2009). In 

sport setting, massage is used frequently in order to increase hamstring extensibility 

(Bradley & Portas, 2007; Hopper, Conneely & Chromiak, 2005a; McHugh, Connolly, & 

Eston, 1999; Witvrouw, Danneels, & Asselman, 2003). However, in previous studies 

(Akazawa, Harada, & Okawa, 2013; Barlow, Clarke, & Johnson, 2004; Hopper, 

Conneely, & Chromiak, 2005a; Hopper, Deacon, & Das, 2005b; Huang, Di santo, & 

Wadden, 2010; Wiktorsson-Möller, Oberg, & Ekstrand, 1983), the effects of massage on 

hamstring extensibility is controversial. 

To date, the effects of massage on hamstring extensibility have been examined. 

Although a single 6- to 15-minute massage of the entire hamstring did not change 

extensibility (Barlow et al., 2004; Hopper et al., 2005a; Wiktorsson-Möller et al., 1983), 

Hopper et al. (2005b) reported that 8 minutes of dynamic soft tissue mobilization 

significantly increased hamstring extensibility which measured with hip flexion angle 

(HFA). However, in their study, the passive pressure during the measurement of HFA 

was not standardized. Passive range of motion measured with non-standardized passive 
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pressure can fluctuate with changes in stretch tolerance (Halbertsma and Göeken, 1994; 

Magnusson, Simonsen, & Aagaard, 1996). Massage at the musculotendinous junction 

may be more effective than massage over the entire muscle; in 2010, Huang et al. 

reported that the HFA after 30-seconds of friction massage was significantly higher than 

after a non-massage period. In 2013, we examined the effects of 3-minute hamstring 

massages at either the musculotendinous junction or the muscle belly on HFA (Akazawa 

et al., 2013). We found that the HFA of the group that received musculotendinous 

junction massage was significantly higher than that of the control group, while the HFA 

of the group that received muscle belly massage did not differ from that of the controls.  

Taken together, the results obtained by Huang et al. (2010) and ourselves 

(Akazawa et al., 2013) indicate that a single massage at the musculotendinous junction 

increases hamstring extensibility. Based on electromyographic measurements, Huang et 

al. (2010) hypothesized that this effect may be attributed to decreased excitability of 

spinal motor neurons. In 2013, Behm et al. demonstrated that the decrease in spinal 

motor neuron excitability seen after massage lasted less than 1 minute after the 

intervention. Considering these results, the increase of hamstring extensibility resulting 

from a single massage may be insufficient to improve sports performance because the 

competition time of most sports requires more than 1 minute of play. However, whether 

http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B6eken%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=8669996
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long-term massage at the musculotendinous junction increases hamstring extensibility 

for a longer period of time is not known.  

The effect of massage on hamstring stiffness has not yet been examined. 

Moreover, muscle structure may also affect the effects of massage on stiffness. 

Recently, some static stretching (SS) intervention studies examined the influence of 

muscle structure on changes in muscle stiffness using ultrasonography (Morse, Degens, 

& Seynnes, 2008; Nakamura, Ikezoe, & Takeno, 2012). The results of these studies 

suggested that decrease of muscle stiffness caused by SS intervention was associated 

with change in connective tissue but not muscle structure. However, this technique has 

not yet been used to study the effects of muscle structure on massage outcomes. 

The purpose of this study was to clarify the effects of long-term and self-

massage at the musculotendinous junction on hamstring extensibility, stiffness, stretch 

tolerance, and structural indices. Weppler & Magnusson (2010) defined that 

extensibility means the ability of a muscle to extend to an endpoint, and that stiffness 

means the change in tension per unit change in muscle length. Then, in this study we 

followed these definitions.  
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2. Materials and Methods 

2.1. Participants  

Thirty-seven men participated in this study. Participants were students from a 

single university. We recruited them using advertisement. Potential participants who had 

orthopedic disorders, neurological disorders, and the excessive hamstring extensibility 

were excluded (Ben & Harvey, 2010; Folpp, Deall, & Harvey, 2006; Law, Harvey, & 

Nicholas, 2009). The excessive hamstring extensibility was defined as being able to 

place the palms of the hands flat on the floor during the standard toe-touch test (Ben & 

Harvey, 2010; Folpp et al., 2006; Gauvin, Riddle, & Rothstein, 1990; Law et al., 2009). 

None of the participants were competitive athletes or were engaged in systematic 

resistance training or stretching programs. All participants were instructed not to start 

any new forms of training during the study period, although they were permitted to 

continue their current exercise regimes. The characteristics of the subjects are presented 

in Table 1.  

In our previous study (Akazawa et al., 2013), the mean difference of the change 

in HFA between the massage and control groups was 5.9°. Importantly, 5° has been 

reported to be the minimum clinically significant difference (Ben & Harvey, 2010; 

Folpp et al., 2006; Law et al., 2009). To estimate the required sample size for the current 
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study, we estimated that the effect size of long-term self-massage at the 

musculotendinous junction would be the same as that of a single massage at the 

musculotendinous junction (d = 0.97) in our previous study (Akazawa et al., 2013), 

because we expected a clinically detectable difference in HFA between the massage and 

control groups. Rate of α, power (1 - β), and dropout were set at 5, 95, and 15% (Folpp 

et al., 2006), respectively. The statistical power calculation indicated that 35 legs per 

group were needed to maintain sufficient statistical power.  

Each participant provided their written informed consent. The study protocol 

was approved by the Ethics Committee of Kobe University. This trial was registered to 

the University Hospital Medical Information Network (UMIN) center (registration 

number UMIN000011233) prior to commencement. 

 

2.2. Study design 

A single-blind, randomized, controlled trial with a within-subject design (Ben 

& Harvey, 2010; Folpp et al., 2006; Law et al., 2009) was used in this study. Either the 

right or the left leg of each participant was randomly assigned to the massage group, 

and the other leg was assigned to the control group. This design minimizes between-

group variability, which can be influenced by personal factors such as exercise and 
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activity patterns (Akagi & Takahashi, 2014; Ben & Harvey, 2010; Folpp et al., 2006; 

Law et al., 2009). We asked people who were not otherwise involved in the study to do 

the random allocation. They performed the randomization with random number 

generated by computer. Moreover, the principal investigator and all assessors were not 

aware of the randomization methods.  

 

2.3. Self-massage at the musculotendinous junction 

The participants were taught to perform self-massage at the musculotendinous 

junction, four finger widths proximal to the medial and lateral epicondyles of the femur, 

using their fingertips while in a sitting positon (Figure 1). The massage technique was 

one-handed petrissage, which consists of grasping, lifting, and releasing, at a rate of 0.5 

Hz (Goldberg, Sullivan, & Seaborne, 1992; Goldberg, Seaborne, & Sullivan, 1994) with 

2.5 kPa of pressure (Goldberg et al., 1992). This technique has been shown to decrease 

the excitability of spinal motor neurons (Goldberg et al., 1992; Goldberg et al., 1994). In 

this study, massage pressure was converted from 2.5 kPa to 18.7 mmHg. Participants 

performed self-massage for 3 minutes per day, five days per week, for 12 weeks. 

To ensure accurate reproduction of the required massage pressure and rate, the 

participants practiced massaging the manchette of a sphygmomanometer with a pressure 
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of 100 to 118.7 mmHg with pace of one time per 2 seconds prior to the intervention, and 

more than once per week during the study period. Participants were asked to record 

these training sessions and the massage sessions in a diary. The control limbs were not 

massaged during the study period. In a recent review summarizing the effects of SS on 

hamstring extensibility (Weppler & Magnusson, 2010), a 3- to 8-week intervention 

period was defined as “short-term”, whereas an intervention period of more than 8 

weeks was defined as “long-term”. In accordance with this definition (Weppler & 

Magnusson, 2010), we defined the 12-week intervention period in this study as “long-

term”.  

 

2.4. Outcome measures 

HFA and passive pressure were measured at maximum HFA and at 

standardized pressures in order to determine whether maximum HFA, hamstring 

stiffness or stretch tolerance were altered. In addition, we measured stiffness of muscle-

tendon unit, musculotendinous junction and muscle belly, and structural index of the 

hamstrings. All outcomes were measured by a blinded examiner prior to the massage 

intervention, and after 6 and 12 weeks of massage. 

Immediately before the measurements, the participants were asked to walk for 
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3 minutes at their usual speed, and then to rest for one minute in a supine position. The 

measurements were started after the rest period. The measurements after 6 and 12 weeks 

of intervention were taken at least 24 hours after the last massage to reflect the long-

term effects of the intervention and exclude acute effects (Akagi & Takahashi, 2014; 

Ben & Harvey, 2010; Folpp et al., 2006; Law et al., 2009).  

 

2.5. Maximum HFA, maximum passive pressure, standardized HFA, and visual 

analog scale of the maximum HFA 

The HFA was measured with the participant in a relaxed supine position. The 

thigh of the leg not being measured was firmly fixed to the bed with a band. The 

measurement leg, with the knee fully extended, was gradually raised by an assessor so 

as not to elicit the stretch reflex until the angle at which the participants felt pain in the 

hamstring. This angle was defined as the maximum HFA (Akazawa et al., 2013; Bandy 

et al., 1997; Huang, Santo, & Wadden, 2010). Moreover, three blinded examiners 

confirmed that there was no knee flexion of the tested leg and pelvic rotation during 

testing procedures. The maximum passive pressure (N) was measured at the maximum 

HFA with a handheld dynamometer (micro FET2, Hoggan Health Industries, Salt Lake, 

USA) positioned on the calcaneal tuberosity (Figure 2).  
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Standardized HFA was measured after 6 and 12 weeks of the massage 

intervention using the maximum passive pressure measured prior to the intervention. In 

this study, the standardized HFA was considered an index of the stiffness of the 

longitudinal axis of the hamstring (Ben & Harvey, 2010; Folpp et al., 2006; Law et al., 

2009). Fifteen mm diameter colored markers were placed over the greater trochanter and 

the lateral epicondyle of the femur and the line between them was defined as “the 

femur”. The maximum HFA and the standardized HFA were measured between “the 

femur” and the plane of the bed, which was parallel to the torso (Akazawa et al., 2013; 

Huang et al., 2010). The participant was photographed using a digital camera (IXY 

200F, Canon, Tokyo, Japan) fixed on a tripod, and maximum HFA and standardized 

HFA were determined from the image using open source image analysis software 

(Image J, National Institutes of Health, USA) with a 0.1º unit of measurement. 

Intraclass correlation coefficients (ICC) of the maximum HFA, standardized HFA, and 

maximum passive pressure, using measurements taken 6 weeks apart, were 0.966, 

0.963, and 0.955, respectively (n = 10). These ICCs indicate that these measurements 

were highly reliable. The severity of the pain perceived by the participant at the 

maximum HFA was assessed using a 100 mm visual analog scale (VAS) (Bijur, Silver, 

& Gallagher, 2001). In the 100 mm VAS, a horizontal line represents the range of 
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possible pain severity from “no pain” at the far left to the “worst possible pain” at the 

far right. The participants were asked to draw a vertical line crossing the horizontal line 

at the point which best represented the intensity of the pain they experienced during the 

measurement of the maximum HFA. The VAS score (mm) was calculated by measuring 

the distance from “no pain” to their mark.  

 

2.6. Stiffness of the muscle-tendon unit calculated from passive torque  

The passive torque when the HFA changed from 20 to 50° was calculated by 

multiplying the passive pressure at HFAs of 20 and 50° by the distance (m) from the 

greater trochanter to the calcaneal tuberosity. The passive pressures at HFAs of 20 and 

50° were measured using a handheld dynamometer positioned on the calcaneal 

tuberosity, and measurements were taken in the same posture used for the HFA 

measurement. The HFAs were determined to be 20 and 50° using a large goniometer of 

our own making; a HFA of 50° can be achieved in healthy populations (Marshall, 

Mannion, & Murphy, 2009). The passive torque-angle relationship between HFAs of 20 

and 50° has been shown to be linear (Marshall et al., 2009; McHugh, Kremenic, & Fox, 

1998). Based on previous studies (Marshall, Cashman, & Cheema, 2011; McHugh et al., 

1999), the stiffness of the muscle-tendon unit was calculated by dividing the change in 
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the passive torque between HFAs of 20 and 50° by the change in the HFA. In this study, 

the stiffness of the muscle-tendon unit was used as an index of the stiffness of 

longitudinal axis of the hamstring (Akagi & Takahashi, 2014; Marshall et al., 2011; 

McHugh et al., 1999; Nakamura et al., 2012). The ICC of the measurement of the 

stiffness of the muscle-tendon unit, using measurements taken 6 weeks apart, was 0.920 

(n = 10). Therefore, this measurement technique was highly reliable. 

 

2.7. Stiffness of the musculotendinous junction and the muscle belly calculated 

from the hardness of the musculotendinous junction and muscle belly 

We measured the hardness of the musculotendinous junction and the muscle 

belly at a 50° HFA and in the prone position using a muscle hardness meter (NEUTONE 

TDM-Z1, TRY-ALL, Chiba, Japan). The hardness of the muscle belly was measured 

halfway between the medial epicondyle of the tibia and the ischial tuberosity. The 

hardness of the musculotendinous junction was measured halfway between the medial 

epicondyle of the tibia and the site where the muscle belly hardness measurement was 

taken. The muscle hardness represents transverse muscle stiffness (Murayama, Nosaka, 

& Yoneda, 2000). The values calculated by dividing the difference in the hardness of the 

musculotendinous junction and the muscle belly at 0 (prone position) and 50° HFA by 
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the change in the HFA were defined as the stiffness of the musculotendinous junction 

and the muscle belly. The ICCs of the stiffness of the musculotendinous junction and 

muscle belly, determined using measurements taken 6 weeks apart, were 0.904 and 

0.912, respectively (n = 10). Therefore, these measurements have high reliability. These 

stiffnesses were used as indices of the stiffness of the transverse axis of the hamstring. 

 

2.8. Structural indices of the hamstring (pennation angle, muscle thickness, and 

muscle fascicle length of the semitendinosus)  

B-mode ultrasonography (EUB-7500 HV, Hitachi Medical, Tokyo, Japan) with 

a 7.5 MHz linear type probe (EUP-L 65, Hitachi Medical, Tokyo, Japan) was used to 

image the sagittal plane of the semitendinosus muscle halfway between the medial 

epicondyle of the tibia and the ischial tuberosity at a HFA of 50°. Water soluble 

transmission gel was applied to the skin surface and the probe was pressed lightly 

against the skin to avoid deformation of the muscle. The pennation angle of the 

semitendinosus muscle was determined from the angle of insertion of the fascicle into 

the deep aponeurosis (Figure 3) (Samukawa, Hattori, & Sugama, 2011). Muscle 

thickness was defined as the distance between the deep and superficial aponeurosis 

(Figure 3) (Samukawa et al., 2011). Both the pennation angle and the thickness of the 
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semitendinosus muscle were obtained from ultrasound images that were quantified 

using open source image analysis software (Image J, National Institutes of Health, 

USA). The ICCs of the pennation angle and the muscle thickness measurements, using 

values obtained 6 weeks apart, were 0.921 and 0.957, respectively (n = 10). Therefore, 

these measurements are highly reliable. The fascicle length was calculated using the 

following formula (Kumagai, Abe, & Brechue, 2000): 

Fascicle length = muscle thickness/sin (pennation angle) 

 

2.9. Statistical Analysis 

Statistical analyses were done using SPSS statistics version 21 (IBM SPSS 

Japan, Tokyo, Japan). In advance, we confirmed that all variables normally distributed 

using Shapiro-Wilk test. The significance of pre-existing (before the intervention) 

differences for all dependent variables were evaluated using unpaired t-tests. Two-way 

analysis of variance [ANOVA; experimental group (massage group and control group) × 

test time (prior to intervention, after 6 weeks or 12 weeks of intervention)] was used to 

assess the significance of the interaction between group and test time. Then, repeated 

measures ANOVA [test time (prior to intervention, and after 6 weeks or 12 weeks of 

intervention)] followed by the Bonferroni multiple comparison test was used to 



 

 

16 

 

investigate the effects of the intervention on all dependent variables. When significant 

differences were present in the multiple comparison test, 95% confidence intervals (CI) 

were calculated. Descriptive data in the text, figures, and tables are presented as means 

± SD. Statistical significance was set at p < .05. The principle of intention-to-treat was 

used for all analyses. 

 

3. Results 

Twenty-one right legs and 16 left legs were allocated to the massage group. No 

participants withdrew from the study. There were no side effects of the intervention 

during the study period. We were able to confirm 93.5 ± 0.1% massage compliance rates 

from the diaries. No significant between-group differences were present at baseline. 

 

3.1. Maximum HFA, maximum passive pressure, standardized HFA, and VAS of 

maximum HFA 

The maximum HFA, maximum passive pressure, standardized HFA, and VAS 

of maximum HFA of both groups are shown in Figure 4. Significant interactions were 

present between maximum HFA and maximum passive pressure (maximum HFA, p 

< .001; maximum passive pressure, p < .001). These variables showed significant main 
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effects of massage (maximum HFA, p < .001; maximum passive pressure, p < .001). 

Additionally, after 6 and 12 weeks of intervention the maximum HFA and maximum 

passive pressure were significantly higher than prior to the intervention (maximum HFA 

prior to the intervention versus after 6 weeks of massage, p < .001, 95% CI 1.8 to 6.0°; 

maximum HFA prior to the intervention versus after 12 weeks of massage, p < .001, 

95% CI 4.3 to 8.6°; maximum passive pressure prior to the intervention versus after 6 

weeks of massage, p < .001, 95% CI 1.6 to 5.0 N, maximum passive pressure prior to 

the intervention versus after 12 weeks of massage, p < .001, 95% CI 3.0 to 6.0 N). After 

12 weeks of massage, the maximum HFA and maximum passive pressure were 

significantly higher than after 6 weeks of massage (maximum HFA after 6 weeks versus 

after 12 weeks of massage, p < .001, 95% CI 1.2 to 4.0°; maximum passive pressure 

after 6 weeks versus after 12 weeks of massage, p = .04, 95% CI .03 to 2.4 N). 

Conversely, there were no significant main effects and no differences between the 

measurement times were found for these variables in the control group. There were no 

significant interactions between main effects or differences between measurement times 

in either group for the standardized HFA and the VAS of maximum HFA.  
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3.2. Stiffness of the muscle-tendon unit, the musculotendinous junction, and the 

muscle belly 

The stiffnesses of the muscle-tendon unit, the musculotendinous junction, and 

the muscle belly in both groups are shown in Figure 5. No significant interactions 

between the main effects and the different measurement times were found in either 

group. 

 

3.3. Pennation angle, muscle thickness and fascicle length of the semitendinosus 

muscle 

The pennation angle, muscle thickness, and fascicle length of the 

semitendinosus muscle of both groups are shown in Table 2. There were no significant 

interactions between main effects and the different measurement times for any of these 

variables. 

 

4. Discussion 

Long-term self-massage at the musculotendinous junction increased the 

maximum HFA and the maximum passive pressure. Additionally, these effects were 

greater at 12 weeks than at 6 weeks. However, the VAS of the maximum HFA did not 
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change over time. These results suggest that the massage intervention enabled 

participants to tolerate higher levels of pressure for the same amount of pain sensation. 

In contrast, massage did not influence the standardized HFA, the stiffness of the muscle-

tendon unit, the musculotendinous junction, or the muscle belly, which suggests that 

long-term self-massage at the musculotendinous junction does not change the stiffness 

of the longitudinal or transverse axis of the hamstring. The structural indices of the 

hamstring also did not change during the study period. 

In concordance with the results of other studies that examined the effects of SS 

on hamstring extensibility (Ben & Harvey, 2010; Folpp et al., 2006; Halbertsma & 

Göeken, 1994; Law et al., 2009; Magnusson et al., 1996), our results suggest that long-

term self- massage at the musculotendinous junction increases hamstring extensibility 

by improving stretch tolerance. Laessoe and Voigt (2004) observed that the passive 

range of knee extension in a stooping position was less than in an upright position, and 

decreased with maximum dorsiflexion of the ankle. Therefore, they reasoned that 

changes in stretch tolerance could be attributed to stresses on the spinal and peripheral 

nerves, but not the joints. Based on their report, the physical stimulation of massage at 

the musculotendinous junction may affect neighboring neural pathways and decrease 

stress on the peripheral nerves, which may contribute to the improvement in stretch 
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tolerance that we observed in this study. 

Our current results indicate that long-term self-massage does not change 

hamstring stiffness. Considering that the decrease in spinal motor neuron excitability 

seen after massage lasts less than 1 minute after the intervention (Behm et al., 2013), 

our results may be attributed to the lack of change in the mechanical characteristics of 

the muscle-tendon unit and the muscle structure. 

Our study had two limitations. First, we used a within-subject design in this 

study. This design has the advantage of minimizing between-group variability due to 

personal factors such as exercise and activity patterns (Ben & Harvey, 2010; Folpp et 

al., 2006; Law et al., 2009); however, a disadvantage of this study design is that the 

effects of massage may extend to the contralateral leg. However, the results of a recent 

study similar to ours (Ben & Harvey, 2010) suggest that stretching one leg does not 

affect the contralateral leg. Thus it seems likely that any effect of the massage on the 

contralateral leg in our study will be negligible. Second, we relied on self-reporting to 

assess compliance with the intervention. 

Therapists, coaches, and athletes widely believe that massage is an effective 

means of increasing hamstring extensibility (Tiidus, 1997). In fact, previous studies 

have suggested that a single massage at the musculotendinous junction instantaneously 
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increased hamstring extensibility (Akazawa et al., 2013; Huang et al., 2010). Also, the 

results of the current study suggest that long-term self-massage at the musculotendinous 

junction increases hamstring extensibility by improving stretch tolerance, although this 

intervention does not change hamstring stiffness. 

 

5．Conclusion 

The results of this study suggest that long-term self-massage at the 

musculotendinous junction increases hamstring extensibility by improving stretch 

tolerance. Then, this effect was greater after 12 weeks of massage than after 6 weeks. 

However, this intervention does not change hamstring stiffness and muscle structure. 
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Table 1. Characteristics of the participants (n = 37) 

Age (year) 27.1 ± 6.8 

Height (cm) 173.1 ± 6.1 

Weight (kg）* 71.6 ± 16.1 

Skeletal muscle mass （kg）* 31.7 ± 4.4 

Fat mass （kg）* 15.3 ± 10.5 

Values are presented as mean ± standard deviation. 

*Weight, skeletal muscle mass, and fat mass were measured by bioelectrical impedance 

analysis.  
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Table 2. Changes in the pennation angle, the muscle thickness, and the muscle fascicle 

length of the semitendinosus 

  Massage group   Control group 

Interaction 

effectb   pre 

6 

weeks 

12 

weeks 

main 

effecta 

  pre 

6 

weeks 

12 

weeks 

main 

effecta 

Pennation 

angle (Degree) 

7.0 ± 

1.6 

7.1 ± 

1.6 

7.0 ± 

1.5 

p = 0.75  

6.8 ± 

1.5 

6.9 ± 

1.5 

6.9 ± 

1.5 

p = 0.73 p = 0.86 

Muscle 

thickness (cm) 

2.2 ± 

0.2 

2.2 ± 

0.2 

2.2 ± 

0.2 

p = 0.86  

2.2 ± 

0.2 

2.2 ± 

0.2 

2.2 ± 

0.3 

p = 0.94 p = 0.84 

Muscle 

fascicle length 

(cm) 

20.2 ± 

4.9 

19.7 ± 

4.4 

19.5 ± 

4.4 

p = 0.19   

20.3 ± 

4.9 

20.5 ± 

5.5 

19.6 ± 

3.7 

p = 0.16 p = 0.99 

a Repeated measure analysis of variance (Test time) 

b Two way analysis of variance (Experimental group × Test time）  
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Figure captions 

Figure 1. Technique for self-massage at the musculotendinous junction. 

Figure 2. Measurement of the hip flexion angle. 

Figure 3. The ultrasound image obtained from the semitendinosus muscle at a 50 degree 

hip flexion angle. “θ” represents the pennation angle of semitendinosus. “A” represents 

the muscle thickness of semitendinosus. 

Figure 4. Changes in the maximum HFA, the maximum passive pressure, the standardized 

HFA, and the VAS of maximum HFA. *Significant difference between pre-intervention 

and after 6 or 12 weeks of intervention, p < .001. †Significant difference between after 6 

and after 12 weeks of intervention, p < .001. ‡Significant difference between after 6 and 

after 12 weeks of intervention, p = .04. Circle and solid line = massage group, triangle 

and dashed line = control group, and pre = prior to intervention. 

Figure 5. Changes in the stiffness of the muscle-tendon unit, the musculotendinous 

junction, and the muscle belly. Circle and solid line = massage group, triangle and dashed 

line = control group, and pre = prior to intervention.  
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