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   ABSTRACT  

Background and objectives: Dynamic warm-ups prepare the body for activity by helping to increase blood flow 

and muscle temperature. By calculating the muscle elongation, muscle thickness and pennation angle, it will 

show the effectiveness of the dynamic elongation task. Ultrasound imaging involves the use of a transducer 

(probe) and ultrasound gel placed directly on the skin. Ultrasound images of the musculoskeletal system provide 

the pictures of muscles, tendons, ligaments, joints, and soft tissues throughout the body. Therefore, this study 

aimed to determine the changes in the muscle tendon unit displacement among healthy male subjects in 

dynamic task of a gastrocnemius muscle. Methods: This experimental study was participated by 32 healthy male 

subjects among KPJUC students. Musculoskeletal Ultrasound (MSK Ultrasound) performed to collect the data 

before and after the dynamic task. The measurement was taken for pre and post dynamic elongation task. Paired 

sample t-test and paired sample correlation were used as a statistical analysis. Results: This study shows that 

there is a changes in muscle architecture after the dynamic elongation task. There is significant difference in 

pennation angle and muscle elongation between pre dynamic elongation task and post dynamic elongation task. 

For muscle thickness, there is no significant different between pre dynamic elongation task and post dynamic 

elongation task. Conclusion: There is a change in muscle tendon unit displacement for gastrocnemius muscle 

between pre dynamic elongation task and post dynamic elongation task and the obvious changes can be seen in 

pennation angle of the muscle. Dynamic elongation task seems to be an effective stretching for rehabilitation 

purposes because it can produce the changes in muscle architectures. 
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INTRODUCTION 

Abnormal muscle tendon elongation occurs 

when the injury to the muscle happens. For 

management and prevention of the injuries 

there is an important components to 

understand of muscle tendon elongation. 

During any sort of movement, muscle tendon 

unit is the one which generates force 

production of a particular muscle 1.  

 

The force production can be either active or 

passive force, which relies on length of the 

muscle. It is based on the length amount of 

sarcomeres will be recruited. There is no 

previous study examined the pattern of 

elongation and structural changes at the level 

of muscle tendon unit. It is believed that 

understanding such mechanism of muscle 

tendon unit explains the science behind the 

injury mechanism. The regular elongation to a 

muscle contribute to a defined movement of 

muscle tendon and joints 2, 3.  

 

Ultrasonography is a valid tool which shows 

any changes in muscle tendon length 

properties. The drawback of the usage of 

ultrasonography tool is its unclear how the 

elongation mechanism occurs in dynamic 

elongation. Therefore, uncertain prevails on 

types of elongation task is required for 

rehabilitation outcome. Thus, there is a need to 

understand the elongation mechanism for 

dynamic task on a muscle. Muscle imaging was 

used to show that the ultrasonography could 

properly estimate muscle activity. They 

measured architectural parameters which 

included the pennation angle, fascicle lengths 

and the muscle thickness. Ultrasonography is 

used to understand biological and bioelectrical 

characteristics of muscle. An ultrasound is a 

proper non-invasive real time imaging for 

muscle structures. Collected data will answer 

properties of the muscle tendon unit 

elongation mechanism through displacement 

of the tendon. This study prescribes either of 

the elongation task for a variety of patients as 

well for normal subjects in order to improve 

social well-being 4, 5. 

 

METHOD 
 
This experimental study was conducted in KPJ 

Healthcare University College (KPJUC), Nilai. A 

total of 32 healthy individuals was recruited 

and subjected to undergo the dynamic 

elongation technique with enough rest periods. 

The normal healthy individuals for this study 

was identified among the students who are 

studying in KPJUC. The subject recruitment 

were based on the established inclusion 

criteria. 

 

The measurement was taken for pre dynamic 

elongation task and post dynamic elongation 

task. Real time ultrasound imaging (Mylab 

Touch, Esaote, Italy) 15-MHz linear type probe 

with 38 mm wide field of view (FOV) were used 

to measure tendon displacement, muscle 

thickness, pennation angle and muscle 

elongation. Another tool is treadmill machine, 

which is used to do the warming up maneuver 

and the metronome for monitoring the number 

of beats while performing dynamic elongation. 

 

Subjects were asked to walk in the treadmill for 

5 minutes as a warming up. Then, the subjects 

made to perform dynamic elongation on their 

dominant legs only then they were stand with 

dominant leg and to raise the entire foot off 

the floor, which lead to hip flexion. Then the 

subjects were instructed to perform active 

movement of foot to a rhythm of 60 beats per 

minutes (60 BPM) with the help of metronome 
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and each movement was performed for 1 

second. The dynamic elongation was done for 

30 second and will be repeated for 5 times. 

Elongation maneuver pre and post 

measurement of the subject’s muscle-tendon 

unit displacement, fascicle length and 

pennation angle were obtained.  

 

The measurement starting on 30 mm below the 

fossa popliteal and about 20 mm medial of the 

line separating the medial and lateral 

gastrocnemius muscle. In this location the 

muscle fibers have a distinctly visible pennation 

angle and muscle structure seems to be well-

define. Each subject instructed to stand upright 

with feet parallel, looking at the same point on 

the front wall. Prior to stretching, the middle of 

the monitor display was marked with a white 

string. A rectangular plastic foam frame 

(proximal frame) through which the ultrasound 

probe could pass was placed onto the right calf 

of each subject to obtain measurements from 

the same location, a quarter proximal to the 

distance between the popliteal crease and 

center of the lateral malleolus. 

 

Myotendinous junction (MTJ) was defined as 

where the superficial and deep aponeuroses of 

medial gastrocnemius (MG) met. Another 

rectangular plastic foam frame (distal frame) 

was put on the right calf where the middle of 

the MTJ of the MG aligned with the midline of 

the ultrasound monitor, which was defined as 

the baseline of the MTJ. After the dynamic 

stretching, the probe was set in the same place 

and the image was taken. The MTJ then 

calculated by measuring the distance between 

the white reference line and the new MTJ 

position. The proximal displacement of the MTJ 

will show in ultrasound image. The pennation 

angle of the MG and fascicle length (Lf) were 

also assessed from the images, which were 

taken at the proximal frame. The pennation 

angle of MG was measured as the angle of 

insertion of the muscle fiber fascicles into 

deeper aponeurosis. Fascicle length (Lf) was 

defined as the length of the fascicular path 

between the insertions of the fascicle into the 

upper and deeper aponeuroses. 

 

RESULTS 

 

A total of 32 healthy young man participated in 

the study. The demographic data obtained 

include male subjects who are aged between 

20 – 25 years old. The male subjects who does 

not have any lower limb injury such as ligament 

or muscle tear and who have normal Body 

Mass Index which in range 18.5-24.9𝑘𝑔/𝑚2. 

Subjects was categorized into two groups; right 

dominant leg and left dominant leg.  

 

Majority of the healthy young man participated 

were right dominant leg (94%), and the 

remaining healthy young man were left 

dominant leg (6%). The p value for muscle 

elongation (p=0.00) which is<0.05, therefore 

reject the null hypothesis and there is a 

significant difference. There is a significant 

difference of mean score between Pre Muscle 

Elongation and Post Muscle Elongation after an 

intervention. The significant relationship of 

score between Pre Muscle Elongation and Post 

Muscle Elongation which is strong (0.814).The p 

value for muscle thickness (p = 0.606)>0.05, 

therefore not reject the null hypothesis and 

there is no significant difference.  

 

There is no significant difference of mean score 

between Pre Muscle Thickness and Post Muscle 

Thickness after an intervention. The significant 

relationship of score between Pre Muscle 

Thickness and Post Muscle Thickness, which is 

strong (0.776).The p value for pennation angle 
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(p = 0.012)<0.05, therefore reject the null 

hypothesis and there is a significant difference. 

There is a significant difference of mean score 

between Pre Pennation Angle and Post 

Pennation Angle after an intervention.  

The significant relationship of score between 

Pre Pennation Angle and Post Pennation Angle, 

which is strong (0.711). 

 

 

 

Variable  Pre-Muscle 

Elongation 

Post Muscle 

Elongation 

t statistic (df) p value 

Mean (SD) score 18.09 (2.38) 20.03 (2.60) 7.157 (31) 0.001 

Table 1. Score Pre-Muscle Elongation and Post Muscle Elongation 

 

 

 

Table 2. Correlations Pre-Muscle Elongation and Post Muscle Elongation 

 

 

 

 

Table 3. Score Pre-Muscle Thickness and Post Muscle Thickness 

 

 

 

 

Table 4. Correlations Pre-Muscle Thickness and Post Muscle Thickness 

 

 

 

 

Table 5. Score Pre-Pennation Angle and Post Pennation Angle 

 

 

 

 

Table 6. Correlations Pre-Pennation Angle and Post Pennation Angle 

 N r p-value 

Pre-Muscle Elongation & Post Muscle Elongation 32 0.814 0.001 

Variable Pre-Muscle 

Thickness 

Post Muscle 

Thickness 

t statistic (df) p value 

Mean (SD) score 1.44 (0.26) 1.42 (0.27) 0.521 (31) 0.606 

 N r p value 

Pre-Muscle Thickness & Post Muscle Thickness 32 0.776 0.001 

Variable  Pre-Pennation 
Angle 

Post Pennation 
Angle 

t statistic (df) p value 

Mean (SD) score 18.82 (3.96) 17.48 (3.27) 2.685 (31) 0.012 

 N Correlation Sig. 

Pre-Pennation Angle & Post Pennation Angle 32 0.711 0.001 
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DISCUSSION 
 
The age of subjects was fixed in the range of 20 

to 25 years old because of the composition of 

Skeletal Muscle Mass might be stable during 

the age of 20 to 40 years old and at the age of 

45 years old it begins to decrease significantly. 

Due to decreases in the amount and diameter 

of muscle fibers it caused the decrease in 

Skeletal Muscle Mass occurs with aging process 

as a physiological change. Dominant leg for the 

subjects also have to consider because of the 

scanning need to be done on the dominant leg. 

Leg dominance has been determined by which 

hand dominant is dominant. If the person is 

left-handed, the he must be left leg dominant6.  

 

The definition of muscle power is the amount 

of work a muscle can produce per unit of time. 

High muscle power understood as the capacity 

to exert high levels of strength as quickly an 

explosively as possible. No statistical difference 

in maximal power between the dominant and 

non-dominant legs in healthy young adults, 

whether they are non-athletes or professional, 

single-leg-dominant athletes and the reason 

younger group of healthy man was chosen in 

my study is because muscular power 

development reaches its peak between 18 and 

30 years of age, so theoretically I had the best 

chance to find asymmetries in this age range7. 

 

The results shows the dynamic elongation task 

is an effective stretching since there is a 

different length of gastrocnemius muscle 

between pre and post, this results supported 

by the study of Knudson et al., 2006 which is 

when a muscle or muscle group is passively 

stretched using techniques like in static, 

dynamic, or proprioceptive neuro-muscular 

facilitation (PNF) stretching there might be 

some short-term changes in the muscle. The 

short-term or acute effects of stretching on 

muscle relate to the initial performance 

changes in the first few hours after stretching.  

 

Therefore, the acute effects following 

stretching then depends on the biomechanical 

performance variables like a range of motion 

(ROM) have been shown to improve following 

stretching, while some of it appear to be 

unaffected such as stiffness and others are 

significantly reduced which means strength. 

The acute effect of the stretching on flexibility 

is clear. Stretching an acute increase in joint 

range of motion that tends to persist for 60 to 

90 minutes. For rehabilitation purposes, 

passive stretching of the injured muscle helps 

elongate the maturing inter-muscular scar and 

prepares the muscle for strengthening. 

Dynamic training exercises can be added in a 

consecutive manner as each type of exercise is 

completed with painless to the patient8. 

 

The muscle thickness slightly decreased after 

stretching was performed. A study from 

Simpson, Kim, Bourcet, Jones &Jakobi, et al. 

(2017) main findings were novel to human 

stretch training studies and included an 

increase in the thickness of gastrocnemius 

muscle, and increase in the fascicle lengths at 

both the MTJ and muscle belly with extent of 

the lengthening greater in the lateral 

gastrocnemius muscle compared with medial 

gastrocnemius muscle. The findings were 

contradict with the results from this study 

where the muscle thickness was slightly 

decreased. 

 

The pennation angle was slightly decreased 

after the dynamic elongation task was 

performed. A review of literature of pennation 

angle and fascicle length of human skeletal 

muscles to predict the strength of an individual 
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muscle using Real-Time Ultrasonography. 

found that The pennation angle defined as the 

pattern of arrangement of muscle fibers in 

relation to the axis of the force generation by 

the same muscle which is crucial component to 

determining muscle performance9.  

 

The only study we found in the literature that 

investigating the effects of dynamic stretching 

exercises on muscle morphology demonstrated 

that dynamic stretching performed before 

exercise activities was not effective on fascicle 

length and pennation angle of the 

gastrocnemius muscle10. 

 

In this study, the correlation between each 

parameters were not investigated. Therefore, it 

is recommended for future research to 

measure the correlation between each 

parameters. The age range of this study was 

limited from 20 years old to 25 years old, to 

overcome this limitation future study should 

wide the age gap. 
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CONCLUSION 

 
The aim of this study is to determine the 

changes in the muscle tendon unit 

displacement among healthy male subjects in 

dynamic task of a gastrocnemius muscle. The 

data was collected on pre dynamic elongation 

task and post dynamic elongation task. The 

investigation of this study show that there is a 

changes in muscle tendon unit displacement 

for gastrocnemius muscle between pre 

dynamic elongation task and post dynamic 

elongation task and the obvious changes can be 

seen in pennation angle of the muscle. The 

results may be influence by subject BMI, 

height, weight and daily lifestyle. Moreover, for 

rehabilitation purposes, this dynamic 

elongation task seem to be an effective 

stretching because it can produce the changes 

in muscle architectures. 
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