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SUMMARY 
This study investigates neural control strategies during and 
after active muscle stretch in comparison to purely isometric 
contractions at corresponding muscle lengths. Neural control 
was analysed by comparing the motor responses of the calf 
muscles to electrical peripheral nerve stimulation, electrical 
stimulation of the cervicomedullary junction and transcranial 
magnetic stimulation of the motor cortex. 
The results indicate that the excitability of the motor pathways 
is altered during stretch, as well as during an isometric 
contraction after stretch, when compared to a purely isometric 
muscle action. Reduced MEPs but enhanced CMEPs during 
stretch suggest a reduced excitability at the cortical level. 
Increased V-waves after active stretch, suggests an overall 
higher level of neural drive. 
 
INTRODUCTION 
When a voluntarily activated muscle is stretched, there is a 
reduced level of force enhancement (FE) in comparison to 
electrically stimulated muscle. Thus, neural control of 
eccentric muscle action may differ from isometric and 
concentric actions and appears to be associated with some 
form of neural inhibition [1]. However, it remains unclear as 
to whether the neural control during eccentric muscle action 
originates from cortical, spinal and/or peripheral pathways. 
Furthermore, eccentric contractions of activated muscles cause 
a persistent increase in force in an isometric steady-state phase 
following stretch compared to a purely isometric contraction 
at a corresponding muscle length. This so called residual force 
enhancement (RFE) is a property of all muscles and 
preparations from single sarcomeres to complex multi-joint 
movements. The mechanisms behind this phenomenon still 
remain elusive, but recent experiments carried out on single 
sarcomeres suggest that a sarcomeric structure may be 
responsible for RFE [2].  
Besides unclear muscle mechanics, it is unknown how or if 
neural activation following stretch is modulated during 
voluntary contractions. Assuming that neural activation is 
unique during stretch, the question arises as to whether or not 
neural control following stretch switches back to neural 
activation schemes that normally occur during isometric 
contractions. To our knowledge there is only electro-
myographic (EMG) data on muscle activation following 
stretch, which reveals reduced activation after stretch in 
comparison to a purely isometric contraction when the force is 
kept at a constant level [3]. 

Based on these aspects, our aim was to investigate the 
neuromechanics of eccentric and post-eccentric muscle actions 
in comparison to isometric muscle actions at corresponding 
lengths of the plantar flexor muscles. In addition, an attempt 
was made to elucidate potential modulations at the cortical 
versus spinal level during these voluntary eccentric and post-
eccentric contractions. 
 
METHODS 
Since this is an ongoing study (n = 10), the preliminary data at 
the time of abstract submission is based on n = 2 subjects.  
Ankle joint torque during plantar flexion was measured by a 
dynamometer (Biodex®, System 3, USA) when subjects lay 
prone on the bench of the dynamometer with the right ankle 
tightly strapped to the foot-plate. Ankle joint axis and the 
rotation axis of the dynamometer were aligned carefully when 
subjects performed a maximal voluntary contraction (MVC). 
Mono- and bi-polar EMG were obtained from the soleus 
(SOL), medial gastrocnemius (MG) and tibialis anterior (TA) 
muscles to analyse motor responses to stimulation and 
background activity (BGA), respectively. EMG recordings 
were amplified 1000 times (NL 844 preamplifier, Digitimer 
Ltd, UK) and band-pass filtered between 10 and 2000 Hz (NL 
900L, Digitimer Ltd, UK). All data was sampled at 10 kHz. 
For the investigation of neural control strategies, electrical 
nerve stimulation (ENS) of tibial nerve in the popliteal fossa 
was used to evoke maximal M-waves, stimulation between the 
mastoids (cervicomedullary stimulation, CMS) to activate 
spinal pathways and evoke potentials of the cervicomedullary 
junction (CMEPs) and transcranial magnetic stimulation 
(TMS) over the cortex to obtain motor evoked potentials 
(MEPs). 
ENS to the tibial nerve was delivered via a single pulse of 
500µs duration by a constant-current stimulator (DS7AH, 
Digitimer Ltd, UK). Current passed from a cathode (Ag/AgCl 
electrode, Tyco Healthcare, Germany) placed within the fossa 
poplitea to an anode (coal rubber pad, 10.2*4.6 cm, Empi, 
USA) positioned across on the thigh, just proximal to the 
patella. The intensity used to evoke maximal M-waves at rest 
was multiplied by factor of 1.5 for ENS during the 
contractions. 
Transmastoid CMS was delivered by a constant voltage 
stimulator (D180A, Digitimer Ltd, UK) via electrodes 
(Ag/AgCl electrode, Tyco Healthcare, Germany) placed over 
the mastoid processes with the cathode on the left side (pulse 
duration = 100µs). Stimulator output was set during isometric 
contractions at a given torque level of 50% MVC. 



TMS (Magstim 2002, The Magstim Company Ltd, UK) was 
performed using a 12-cm double-cone coil, which was 
positioned over the motor cortex slightly left of the vertex, 
with the current running through the centre of the coil from 
anterior to posterior. The optimal position and intensity of 
stimulation were determined while subjects performed 
isometric plantar flexions at 50% MVC. Intensity was adjusted 
so that the amplitudes of the MEPs were matched to those of 
the CMEPs and that both could increase as well as decrease. 
After skin preparation, application of electrodes and a warm-
up program, subjects performed the test protocol which 
consisted of isometric reference contractions at 10° and 20° of 
dorsal extension (0° refers to the neutral position which was 
the sole of the foot at a right angle to the shank) and stretch 
contractions. The latter started at 0° with a 1 s pre-isometric 
phase to ensure maximum voluntary activation, followed by a 
20° stretch at 30°s-1 and a subsequent isometric contraction for 
4 s at final joint angle of 20°. For ENS and CMS, subjects had 
to perform three repetitions per contraction, while for TMS the 
number of repetitions was six, resulting in a total of 36 
contractions. In order to avoid fatigue a minimum rest of 3 
min was enforced between all contractions. Contractions were 
performed in a random order. For isometric and stretch 
contractions, all types of stimulation were delivered 1.5 and 
4.5 s after the start of the contractions. For the stretch 
contractions these times refer to the time during stretch when 
the ankle angle passes 10° dorsal extension and 3 s after 
stretch, when the ankle is at 20° dorsal extension. 
Parameters for data analysis were plantar flexion torque, 
BGA, M-wave, V-wave, CMEPs and MEPs amplitudes of 
SOL and MG muscles. V-Waves and evoked potentials were 
normalised to corresponding M-waves and all parameters from 
the stretch contractions were normalised to the isometric 
reference contractions. FE was analysed during stretch at 10° 
dorsal extension and RFE was analysed 2.5-3 seconds after 
stretch at 20° dorsal extension. Since this is preliminary data 
(n = 2), no inferential statistics were calculated. 
 
RESULTS AND DISCUSSION 
Plantar flexion torque during stretch (FE) as well as after 
stretch (RFE) was 16.3±5.4 and 6.1±2.0% higher compared to 
the purely isometric reference contractions at identical joint 
angles. Mean differences between joint angles for test and 
reference contractions were -0.2±0.4° during stretch and -
0.03±0.05° after stretch, respectively. In addition to the 
increased torque we found higher BGA of the agonists, SOL 
and MG, as well as the antagonist, TA (20±16, 23±22 and 
9±8% during stretch; and 6±7, 11±9 and 5±8% after stretch). 
Peak to peak amplitudes of SOL and MG M-waves were not 
influenced by contraction type. For SOL, the size of its M-
waves when normalised to the corresponding isometric 
reference contractions were 1.04±0.1 during stretch and 
1.01±0.11 after stretch. For MG, the size of its normalised M-
waves was 0.97±0.05 and 1.01±0.07.  
While eccentric muscle action had no effect on the size of V-
waves (1.05±0.16 for SOL and 1.06±0.11 for MG) we found 
reduced MEPs but enhanced CMEPs during stretch (Figure 1). 
Normalised to their corresponding M-waves and to the 
isometric reference contractions, the size of MEPs during 

stretch were 0.69±0.23 and 0.79±0.13 for SOL and MG, 
respectively. In contrast to that CMEPs increased to 1.49±0.28 
for SOL and 1.55±0.22 for MG. 
In comparison to the isometric actions, normalised V-waves 
observed during isometric contractions after stretch increased 
in size to 1.56±0.43 and 1.53±0.43 for SOL and MG, 
respectively. However, inconsistent results for MEPs and 
CMEPs do not allow for a presentation of results at this stage. 

 

Figure 1:  Normalised amplitude of SOL and MG M-waves, 
V-waves, MEPs and CMEPs during maximum voluntary 
eccentric compared to isometric muscle actions (n = 2). 
 
Importantly and in contrast to previous studies investigating 
neural control of eccentric muscle actions, we found higher 
torque during eccentric contractions. However, since force 
enhancement during stretch was still less than for electrically 
stimulated muscles, some form of neural inhibition likely 
occurred. Contrary to former findings that suggested a 
mechanism at the spinal level, our preliminary data points 
towards cortical inhibition. 
Concerning RFE after stretch, this is the first study to 
investigate neural control strategies during a state of RFE. 
Higher V-waves observed after stretch suggest that there was 
greater overall neural drive, but it is yet to be determined if 
this originates from cortical and/or spinal mechanisms. 
 
CONCLUSIONS 
Preliminary data from this study shows that it is possible to 
achieve enhanced torque during and following maximal 
voluntary eccentric contractions. Despite higher torque there 
seems to be some degree of inhibition at the cortical level 
during stretch, but enhanced overall motor output after stretch. 
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