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SUMMARY
In human gait the majority of mechanical work is generated by 
the ankle joint. It is commonly thought that concentric 
contraction of the ankle plantar flexors is the mechanism 
behind A2 power generation. This study investigated the 
relationship between the EMG activity of the ankle plantar 
flexor muscles and A2 power generation. The gait patterns of 
six healthy adults were recorded. The following gait measures 
were extracted with respect to stance time: point of A2 power 
generation and A2 peak power, EMG activity of the 
gastrocnemius medialis (GM), gastrocnemius lateralis (GL), 
soleus (SOL) and peroneus longus (PL) muscles. On average,
peak A2 power generation occurred 14% (as a percentage of 
stance time) post EMG peak activity of the plantar flexor 
muscles. At the point of A2 peak power generation,
respective EMG activity of the SOL and PL muscles were 
62% and 74% of the maximum activity recorded during 
stance. These results show that A2 ankle power is partly 
produced by concentric action of the ankle plantar flexor 
muscles. It also shows that passive return of elastic energy 
stored in these muscles (previous to the heel-off event) may 
play a major role in producing A2 power. 

INTRODUCTION
Ankle power generation (A2) during late stance in human gait 
is important for trunk stabilization, forward progression of the 
body and leg swing initiation [1,2]. It is also considered to be 
a strong predictor of step length and walking speed which are 
important measures of gait functionality in older adults [3]. 
Clearly, it is important to identify the mechanisms behind A2 
power generation since it plays a critical role in human 
locomotion.  However, gait studies have not yet examined the 
timing of maximum ankle plantar flexor muscle activity in 
relation to this important gait parameter.

It is commonly thought that concentric contraction of the 
ankle plantar flexors is the main mechanism behind A2 power 
generation [4] but recent work suggests that the return of 
elastic energy stored in muscles may also play an important 
role in its generation [5]. It is reasonable to propose, therefore, 
that A2 power may not be solely produced by concentric 
muscle activity, but may be partly produced by the release of 
elastic energy stored in the Achilles tendon [6]. The aim of 
this study was to investigate the relationship between ankle 
plantar flexor muscle activity and the A2 power burst.

METHODS
Subjects. Six healthy adults (age: 30±4.0 yr; height: 1.67±.09 
m; mass: 67.5±21 kg) participated. Ethics approval was 
obtained from The University of Melbourne. Written informed 
consent was obtained from all subjects. Exclusion criteria 
were any medical condition to affect gait.  

Apparatus and Protocol. Gait data were recorded with an 8-
camera VICON MX System (Oxford, UK) sampling at 500 Hz 
and three OR6-7 AMTI force plates (2000 Hz) embedded in 
the centre of a 12 m level walkway. Timing gates (NAM7R 
Takenaka Co., Ltd) positioned in the middle of the walkway 
recorded gait speed. Unilateral EMG signals from the 
gastrocnemius lateralis (GL) and medialis (GM), soleus (SOL) 
and peroneus longus (PL) muscles were recorded with an 
Aurion ZeroWire EMG system (2000 Hz, CMRR= 90 dB, 
SNR>50dB, 20 MΩ impedance). Participants completed 5 
successful walking trials.

Procedure. The Vicon Plug-in-Gait marker set was used to 
record kinematics. EMG electrodes were placed according to 
SENIAM recommendations. Subjects performed 5 successful 
trials at 1.4 ms-1 ±5%. Gait speed was monitored by timing 
gates. Gait speed was not set by a timer or metronome.

Data Processing. Kinetic and EMG data were extracted by 
VICON Nexus software. The Vicon Plug-in-Gait model
(version 1.3.109) was used with a Woltring filter (MSE = 20). 
Data were processed with Igor Pro version 6.0.0.0 
(Wavemetrics Inc., Oregon, USA) to firstly synchronize and 
then extract ankle joint power and EMG data. The rectified 
EMG signals were initially filtered with a 10-500 Hz 6th order 
Butterworth band pass filter. EMG linear envelopes were 
obtained by passing data through a 6th order Butterworth filter 
with a 6 Hz cutoff frequency. EMG data for each muscle were 
normalized to the mean amplitude value, and activity levels at 
different events were calculated as a percentage of the 
maximum EMG activity level recorded during stance.

Statistical Analysis. 
Descriptive statistics were calculated for all temporal, joint 
kinetic and EMG measures (SPSS version 16). Timing 
measures were normalized to stance time. 

RESULTS AND DISCUSSION
On average, the participants walked at 1.42 ±0.02 ms-1. Plots 
of ensemble average EMG activity and ankle joint power for 
all participants are shown in figure 1. Table 1 lists muscle 



activity levels at specific events of the stance phase (A1 peak, 
A2 peak, A2 onset). It also lists ankle joint power (as a 
percentage of A2 peak) at the point of 
maximum EMG activity for each muscle. 

Table 1. Descriptive statistics for the percentage of EMG 
activity (normalized to maximum activity) at key ankle power 
events are listed in the first three data columns. The final data 
column lists ankle joint power at the point of maximum EMG 
activity for each muscle. 

A2 start A2 peak A1peak 
A2 at Max.               

EMG activity

Gastroc. Lateralis 87.5% 50.0% 70.6% 0.8%

Gastroc. Medialis 86.1% 39.2% 61.6% 11.3%

Peroneus Longus 77.0% 73.6% 56.2% 20.0%

Soleus 86.6% 62.0% 67.9% 33.9%
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Figure 1:  Ensemble average plots for muscle activity (EMG)
and ankle joint power. 

The maximum muscle EMG activity level (all muscles) was
around 14% (average) before A2 peak power during the stance 
phase. GL, PL and SOL maximum EMG activity was around 
2% after A2 power onset. In contrast, GM maximum activity 
occurred 4% before A2 power onset. A1 peak power 
absorption occurred at around 65% St or 11% before (on 
average) maximum EMG muscle activity (average timing all 
muscles). 

On average, muscle EMG activity was 84% of maximum 
activation at onset of A2 power (refer figure 1). These 
activation patterns decreased rapidly during the last 20% of 
stance reaching 56% by the point of A2 peak power (89% St).
At the time of maximum GM and GL activity, A2 power was 
0.8% and 11% of its peak value. At the time of maximum 
SOL and PL activity, A2 power was 20% and 34% of its peak, 
respectively. This may indicate greater contribution through 
concentric contraction by these muscles to develop rapid ankle 
plantar flexion at the end of stance.

A2 power has been commonly associated with a rapid 
concentric contraction of ankle plantar flexor muscles [4]. In 
this study, however, a decrease in EMG muscle activity was 

found in the time period between the onset of A2 power and 
A2 peak power events.

A2 peak power is considered to be a strong predictor of step 
length and gait speed [3]. Any reduction in A2 power, 
therefore may affect gait functionality in populations such as 
the elderly [3,7]. Since maximum ankle plantar flexors activity 
occurs before peak A2 power, it is reasonable to propose that 
A2 deficits may be partly due to a reduction in the return of 
energy stored by elastic and passive elements in the ankle 
musculature. It is also possible that reduced activity of ankle 
plantar flexor muscles further reduces the energy stored in the 
Achilles tendon during A1 period, hence decreasing the return 
of energy during late stance (A2 period). 

SOL and PL activity were higher than GL and GM during the 
A2 power period. Since PL is also an ankle stabilizer muscle,
its greater activity may be partly due to its contribution to 
produce A2 power. SOL is a monoarticular plantar flexor and 
most probably its activation resulted in greater contribution to 
the A2 power. On the other hand, GL and GM are biarticular 
muscles that also flex the knee before the onset of A2 power 
generation [6,7]. Therefore, the major role of these muscles 
may be to load the Achilles tendon so as to store and return 
elastic energy during the A2 power period [6]. It is reasonable 
to propose, therefore, that a reduction in A2 power may result 
from both, a reduced ability to produce muscle power by the 
ankle plantar flexors and a reduce capacity to store and return 
elastic energy stored in the passive and contractile elements of 
these muscles.  

CONCLUSIONS
This study found that ankle plantar flexor power (A2) during 
late stance is not solely generated by concentric contraction of 
the plantar flexor muscles. It is highly likely that the return of 
elastic energy stored in the passive and elastic elements of the 
plantar flexors plays a major role in propelling the body in late 
stance. Furthermore, it is reasonable to conclude that soleus 
maximum activity contributes more to A2 power generation 
than the activity of the other plantar flexor muscles. This study
also highlights the relevance of studying the contribution of 
elastic energy in human gait.    

REFERENCES
1. DeVita P, Hortobágyi, T, J Appl Physiol. 88:1804-1811,

2000.
2. McGibbon, C, Exerc Sport Sci Rev. 31:102-108, 2003.
3. Judge J, et al., J Gerontol, 51A:303-312, 1996.
4. Eng, J.,Winter, D., J. Biomechanics. 28, 753-758, 1995.
5. Ishikawa, M, et al., J Appl Physiol. 99, 603-608, 2005.
6. Stewart, C, et al., Gait Posture. 26, 482-488, 2007.
7. Cofré LE, et al., Gait Posture.doi:10.1016/2010.12.030, 

2011.


