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Abstract 

The pennation angle is related to intrinsic factors of the athlete, such as sex, age and race, but in turn, it 

is known that it can undergo changes due to other factors, such as strength training or inactivity. The primary 

aim of this study was to investigate the relationship between the pennation angle of the gastrocnemius muscle 

and quickness in female college sprinters. Fourteen female college athletes from Helwan and Aswan University 

teams (100- and 200-m sprint), participated in this study. All participants were fully informed about the aims of 

the study and gave their voluntary consent before participation. The measurement procedures agreed with the 

ethics of human experimentation. The results showed high positive correlations between the pennation angle of 

the gastrocnemius muscle and quickness (reaction time and acceleration) in female college sprinters. 
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Introduction 

The muscular architecture has been defined as the geometric arrangement of the muscle fibers 

(Fukunaga, et al. 1997) and can be observed by using ultrasound images (Griffiths, 1987). It is not the only 

factor to consider when explaining sports performance, Burkholder et al. (1994) believe that its functional 

importance can be as much or more than, for example, the historical type of muscle fibers. The main variables 

considered in the muscular architecture are the muscular thickness, the angle of pennation fascicles, the length of 

these fascicles, the anatomical cross-sectional area, the physiological cross-sectional area and the specific 

tension. The calves are comprised of two muscles: gastrocnemius and soleus. The acceleration phase in a 100-m 

race is a very important factor to reach high speeds and make an efficient transition to the action of maximum 

speed. Its aim is to increase speed by increasing the length of the stride and its frequency. In this cycle, the 

athlete quickly supports the foot forward on the metatarsal, completing the first step. Action then follows the 

increase in frequency and length of the stride, and the calves are parallel to the ground. The body then straightens 

until it reaches normal running position with an inclination of approximately 25 degrees at 20 or 30 meters (Luis 

et al. 2006).  

The athlete who possesses the fastest velocity and better reaction will usually maintain a competitive 

advantage. Acceleration refers to the rhythm of movement of an object, or to the measurement of distance that 

has been covered in a certain period. When an athlete performs any movement in a relatively short period of 

time, it is described quickness. 

Quickness is defined as the ability to react with change of body position in a maximum rate of force 

production. Amr et al. (2017) indicated that quickness is clearly shown in the first two phases of the 100-m sprint 

(reaction time and acceleration).  

In general, the pennation angle is related to intrinsic factors of the athlete, such as sex (Abe et al. 1998), 

age and race, but in turn Alegre (2004) indicated that it can be influenced by other factors, such as strength 

training or inactivity.  

Therefore, the aim of this study was to explore the relationship between the pennation angle of the 

gastrocnemius muscle and quickness for female college sprinters. 

 

Participants 

Fourteen female college athletes from Helwan and Aswan University team (100- and 200-m sprint) 

participated in this study. All participants (players and coaches) were informed about the aims of the study and 
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gave their voluntary consent before participation. The measurement procedures agreed with the ethics of human 

experimentation. 

 

Procedures 

Pennation angle 

Non-invasive skeletal muscle ultrasound of gastrocnemius muscle architecture was performed 

individually by two consultant musculoskeletal radiologists. The Toshiba Aplio 80 Diagnostic Ultrasound 

system (SSA-770A, with probes) was used with an 18 or 9 MHz linear transducer, in both the longitudinal and 

transverse planes (Rutherford & Jones 1992, as shown in Figure 1).  

 
Figure 1. Measurement of the pennation angle on an ultrasound image. 

 

Reaction time test. 

The reaction time is the time between the sprinter hearing the starting gun and starting to move. A 

reaction timer instrument was used to measure the reaction time.  Reaction times are measured in hundredths of a 

second, and elapsed time is recorded using a foot switch on the starting blocks. 

Acceleration test 

A 30-m sprint was used to determine acceleration. Prior to the test, all participants performed a warm-

up that included light jogging for three minutes followed by several exercises that included walking lunges and 

walking quadriceps stretch. Sprint times were measured using a video camera (250 frames/second). Timing 

began on the participant’s first movement. The best of 3 attempts was recorded.  

Statistical analysis 

All statistical analyses were performed using the SPSS statistical package. The results are reported as 

means and standard deviations (SD). Nonparametric statistics (Wilcoxon's rank sum test) were used. The level of 

significance was set at p≤0. 05. 

 

Results 

Table 1 shows the anthropometric characteristics (age, height, weight and training experience) of the 

subjects. No significant differences were observed in these characteristics. 

Table 1. Anthropometric characteristics of the subjects  

Variable Mean± SD Skewness 

Age (years) 20.6 ± 1.34 0.56 

Height (cm) 165.4 ± 5.18 0.77 

Weight (kg) 62.8 ± 4.01 0.82 

 

Table 2 shows high positive correlations between the pennation angle of the gastrocnemius muscle and 

quickness (reaction time and acceleration) in female college sprinters  

 

Table 2. Relationship between the pennation angle of gastrocnemius muscle and quickness (reaction time and 

acceleration) in female college sprinters 

Mean ± SD Reaction time (s) Acceleration (s) Pennation angle (°) 

Reaction time (s)  0.797** 0.858** 

Acceleration (s)   0.959
**

 

Pennation angle (°)    

                                                         **. Correlation is significant at the 0.01 level       

 

Fig. 2 shows the relationship between the pennation angle of gastrocnemius muscle and quickness in 

female college sprinters. 
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Fig 2 - The relationship between the pennation angle of gastrocnemius muscle and quickness 

 in female college sprinters. 

 

Discussion 

The goal of this study was to determine the relationship between the pennation angle of the 

gastrocnemius muscle and quickness in female college sprinters. The results indicated that there were 

unequivocally high correlations in this study between the pennation angle of the gastrocnemius muscle and 

quickness (reaction time and acceleration) in female college sprinters. This means that the smaller the pennation 

angle, the better quickness will be. These results agree with Herbert & Gandevia (1995) and Mairet et al. (2006) 

who indicated that the pennation angle can undergo instantaneous influence of force exerted by the muscle. 

The fibers in the pennate muscle due to their arrangement are shorter than if they ran from one end of 

the muscle to the other. This implies that each fiber is composed of a smaller number of sarcomeres in series. 

The speed at which a muscle fiber can shorten is partly determined by the length of the muscle fiber. Thus, a 

muscle with a small pennation angle will contract more rapidly than a similar muscle with a larger pennation 

angle. 

High speeds of shortening appear to promote positive adaptations in the length of the fascicles (Aagaard 

et al. 2001), whereas protocols involving heavy mechanical loads and low contraction speeds seem more 

associated with pronounced increases in the pennation angle (Blazevich, et al. 2003). Controversial results have, 

however, been attributed to the contraction regime; for example, the eccentric stimulus, when compared to the 

stimulation, promotes greater or smaller increases in the pennation angle (Blazevich et al. 2007). Quickness is 

dependent on several factors such as arrival of the stimulus at the sensory organ and its conversion by the 

sensory organ to a neural signal in the muscle for rapid contraction, and this is evident in the decreased 

pennation angle, which promotes faster muscle contraction compared to the increased pennation angle. Muscle-

fiber pennation angles are greater in hypertrophied muscle only. (Kawakami et al. 1993; Kearns et al. 2000). 

However, at the beginning of our investigation, only one study (Blazevich et al. 2007) had analyzed and 

compared directly the effects of concentric and eccentric stimuli-induced adaptations in the length of the 

fascicle. 

Practical Applications 

In athletic events that need power or explosive strength, a decreased pennation angle will be preferred. 

Trainers should take these results into consideration when developing training programs or selecting athletes and 

guiding them in this type of competition. 
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