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SUMMARY 

There are currently few studies in the literature concerning 

the reliability and validity of the quantification of parameters 

of muscle architecture using the technique of ultrasound. The 

aim of this study is to apply the technique of ultrasound 

imaging to quantify pennation angle of gastrocnemius 

muscle (medial and lateral) and to determine the reliability 

and reproducibility of these measures. Two images of each 

gastrocnemius of 19 young healthy subjects were acquired 

using B-mode ultrasound equipment (7.5 MHz), in two 

visits. Pennation angle was measured five times on each 

image using image analysis software. The reliability of the 

total of 380 measurements was determined through 

coefficients of variation, intraclass correlation coefficients 

and typical errors of measurement. No significant 

differences were found between images and between days 

for any of the parameters (p> 0.05). The coefficients of 

variation of measures ranged from 3.8 to 11.62%. All 

intraclass correlation coefficients were within the range of 

high reliability, with the exception of the pennation angle 

value within days of the medial gastrocnemius (0.67). The 

results showed that the methodology used to measure 

pennation angle in ultrasound images presents high 

reliability. 

 

INTRODUCTION 

Advances in imaging techniques, such as ultrasound (US), 

elicited real-time in vivo study of human muscle architecture 

[1, 2, 3, 4, 5, 6, 7]. Pennation angle (PA) is often studied 

since it significantly affects muscle functional characteristics 

and, consequently, its force production potential [1]. 

Importantly, the techniques of image acquisition and 

quantification of the parameters vary between studies, and 

most of them do not report the reliability analysis of the 

measures. Although there are many studies evaluating PA 

plasticity and responses to different types of training [1, 6, 

7], only few studies analyze the reliability and variability of 

data obtained of US images and none report important 

information such as typical error of measurement (TEM) and 

intraclass correlation coefficient (ICC). This fact impairs 

comparisons of results and indicates the need for a 

reproducible methodology common for all applied research. 

 

The present study evaluated the reliability and variability of 

measures of PA of lateral gastrocnemius (LG) and medial 

gastrocnemius (MG) muscles through TEM and ICC, 

analyzing the reproducibility of quantifying human PA with 

US technique. 

 

METHODS 

Ninetten volunteers (13 women: 22.1±2.5 yrs, 60.4±8.2kg 

and 162±2 cm; 6 men 23.3 ±7.2 yrs 72.7 ±7.8kg and 

169±2cm) participated of the study. All of them were 

physically active and did not perform physical activity for at 

least two hours before the tests. It was used an ultrasound 

equipment (EUB-405, Hitachi Medical Corporation, Tokio, 

Japan) with center frequency of 7.5MHz and a probe of 

80mm of length. Images of MG and LG were acquired in 

two visits with a minimum interval of 48 hours. The probe 

was placed at each muscle’s midline at a distance 

corresponding to 30% of the length from their proximal 

insertion, as described by Myatani et al. [8]. The image with 

the best resolution of each muscle was saved for posterior 

analysis.  

 

PA was measured over the ultrasound images as the positive 

angle between the deep aponeurosis and the line of the 

fascicle using image processing software (ImageJ; National 

Institute of Health, Maryland, USA) (Figure 1). Each image 

(day 1 and 2) was analyzed five times, summing a total of 

ten measures for the parameter for each muscle (MG and 

LG), accounting for 380 measures of 19 subjects. 

 

To investigate the differences between measurements of two 

different days and five measurements in each image it was 

applied ANOVA test with repeated measures. Data 

reliability and variability were determined using coefficients 

of variation (CV), ICC, and TEM, as suggested by Hopkins 

[9]. Statistical significance was set at p <0.05. 

 

 

Figure 1: US image showing muscle (MG) details and the 

software lines used to quantify PA. 

  

 



RESULTS AND DISCUSSION 

Data for mean, standard deviation, CV, ICC and TEM of PA 

of the two days of test are presented in Table 1. 

 

Table 1: Mean, coefficient of variation (CV), intraclass 

correlation coefficient (ICC) and typical error of 

measurement (TEM) of pennation angle of MG and LG 

muscles. 

 
  Mean (sd) (°) CV (%) ICC TEM (°) 

MG 

Day 1 
22.88 (0.90) 3.85 0.96  

Day 2 
24.06 (0.92) 3.93 0.99  

Days 1 + 2 
23.47(2.64) 11.62 0.67 3.1 

LG 

Day 1 
20.58(0.78) 3.8 0.98  

Day 2 
20.49(0.91) 4.44 0.98  

Days 1 + 2 
20.54(2.19) 10.69 0.83 3.7 

 

No significant differences were found between images and 

between days for any of the parameters (p> 0.05).The values 

obtained in this study are in the range of applied research 

that quantify these parameters[1, 3, 4].  

 

CV values ranged from 3.8 to 11.62% and all ICC values 

were within the range of high reliability with the exception 

of the one regarding the two days of test. The highest values 

of TEM (3.1° and 3.7°), referent to repeated measurements 

between days, correspond to the lowest ICC values (0.67 e 

0.83, respectively). This can be justified by the difficulty of 

quantifying PA with image software, because this requires 

choosing three points in the image that may not result in 

proper alignment of the lines in relation to the aponeurosis or 

the fiber. Besides, the fiber choice is subjective and it is 

possible to choose different fibers in each image. If it is the 

case of existing differences between muscle regions, this 

possibility can add error to the measurement. 

 

It should be noted that, although it was found a low value of 

ICC to inter-day results, the value of ICC of each day was 

very high, what means that the error should not be attributed 

only to the digitizing procedure in the image software but 

mainly to the procedure of choosing the leg site for image 

acquisition. In order to avoid such methodological error, 

inherent to acquisitions on different days, it is suggested the 

preparation of a mold on the first visit to ensure the 

transducer position and image acquisition on the same site. 

 

Other studies used similar methods, however, did not clarify 

information as TEM and ICC, very important in the analysis 

of these measures and of reproducibility and reliability of the 

method. Maganaris et al. [1] tested the reproducibility of 

repeated measures of triceps surae PA and reported values of 

CV highest than those found on the present study (8.5% for 

MG and 17.2% for LG). Ito et al. [2] found for MG and LG 

a CV of 7% for measures of PA obtained with a similar 

protocol, whereas Chow et al. [3] reported values ranging 

from 22.2 to 28%. Kawakami et al. [4] analyzing the 

variability of muscle architecture presented for MG a CV of 

14.2%, measure variability of 1° and ICC> 0.98. 

Nevertheless, the authors only tested one image in one day 

of test, suggesting similar results to ours. Martin et al. [5] 

compared measurements of muscle architecture obtained in 

vivo with those of cadavers and found mean values similar to 

those of the present study (14.4±3.6° for MG and 12.1±3.4° 

for LG), however, with higher values of CV (25 and 28%, 

for MG and LG, respectively).  

 

Studies that analyze muscle architecture under different 

conditions of activation and of overuse and disuse show that 

the changes found between conditions are much higher than 

the error associated to the quantification method presented in 

this study. Maganaris et al. [1] found that as ankle angle 

increased from −15 to +30 deg, pennation angle increased 

significantly by 6-12°, 39-67%, at rest and 9-16°, 29-43%, 

during MVC. Kawakami et al. [4] showed similar results 

with the fascicle angles of MG demonstrating great 

variations, ranging from 22° (passive; knee, 0°; ankle, +15°) 

up to 67° (active; knee, 90°; ankle, 30°). Morse et al. [6] 

showed an increase of 19.6% in PA of MG as an acute effect 

of stretching.  

 

CONCLUSIONS 

The results showed that the methodology used to quantify 

PA in US images is highly reliable, and it can be used with 

the objective of monitoring muscular changes due to 

interventions such as training and rehabilitation programs. 

The values of coefficients of variation were relatively low 

(3.8 to 11.62%) and with no clinical relevance for studies 

with humans. 

. 
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