
 
 

HUMAN LEG EXTENSOR SHORT LATENCY STRETCH REFLEXES AT DIFFERENT RUNNING SPEEDS 

 

Neil J. Cronin, Christopher P. Carty and Rod S. Barrett 

 Musculoskeletal Research Program, Griffith University, Australia  

email: n.cronin@griffith.edu.au 

 

SUMMARY 

The aim of this study was to indirectly investigate short 

latency stretch reflex (SLR) function by examining the 

modulation of the SLR in the human triceps surae and knee 

extensor muscles at different running speeds. Ten healthy 

participants ran on an instrumented treadmill at 7, 10, 12 and 

15 km/h while surface electromyography (EMG) was recorded 

from 9 leg muscles. 3D lower limb kinematics and ground 

reaction forces were also collected. In all leg extensor 

muscles, the reflex response was smallest at the slowest 

running speed, peaked at intermediate running speeds, and 

either decreased or plateaued at the fastest speed. These 

patterns of reflex modulation are consistent with previous data 

from the leg muscles of cats and humans under non-locomotor 

conditions. The findings also extend support for the hypothesis 

that muscle stiffness and reflex stiffness are inversely 

modulated with changes in muscle force to maintain an 

appropriate level of total muscle-tendon unit stiffness in 

response to a stretch. The consistency of the reflex modulation 

pattern in the major leg extensors implies a similar function 

for the SLR in these muscles, in spite of differences in 

architecture and neurophysiological properties.  

 

INTRODUCTION 

In human running, joint rotations occur at high velocities, and 

SLR responses occur in the triceps surae muscles [1], but may 

also be elicited in the knee extensors due to the rapid knee 

flexion that occurs upon ground contact. The SLR has been 

suggested to assist in the regulation of muscle-tendon unit 

(MTU) stiffness in response to a stretch [2]. When muscle 

force level is low intrinsic muscle stiffness is also low, so 

reflex stiffness is high in order to maintain an appropriate 

level of total MTU stiffness. As muscle force increases 

towards maximum, intrinsic stiffness increases and reflex 

stiffness decreases in response to stretch [3]. Data from 

several studies have supported this hypothesis under isometric 

conditions whereby the contribution of the SLR to MTU 

stiffness peaks at low to intermediate forces and declines at 

high forces in the human ankle and knee extensors [4,5].  

 

The present study examined stretch reflex modulation in the 

triceps surae and knee extensor muscles during human running 

at different speeds to indirectly investigate the function of the 

SLR in vivo. It was hypothesised that the size of the reflex 

response in these muscles would be maximal at slow to 

intermediate running speeds, coinciding with a time where 

intrinsic muscle stiffness would be relatively low, and 

decrease at faster speeds where intrinsic muscle stiffness 

would be expected to be higher. 

 

METHODS 

Ten healthy participants (7 males, 3 females; age 26 ± 4 years; 

height 178 ± 9 cm; body mass 71 ± 12 kg) ran barefoot on an 

instrumented treadmill at 7, 10, 12 and 15 km/h, with rest 

periods of 3-5 minutes between each speed. Surface EMG 

activity was recorded from the soleus, medial gastrocnemius, 

lateral gastrocnemius, tibialis anterior, vastus lateralis, vastus 

medialis, rectus femoris, semitendinosus and biceps femoris 

muscles of the right leg. SLR area was calculated within a 

window from 45-65 ms after ground contact for the triceps 

surae muscles and 25-45 ms for the knee extensors, using 

numeric integration. Kinematics of the pelvis and right leg 

were recorded using a 4 camera 3D motion analysis system 

sampling at 100 Hz. Knee and ankle joint angles were 

determined from inverse kinematic analysis of the marker 

trajectories using Opensim software Version 2.0 [6]. GRFs 

were recorded separately from each leg using force sensors 

embedded in the split-belt treadmill. Repeated measures 

General Linear Model (GLM) was used to assess the effect of 

running speed (7, 10, 12, 15 km/h) on all outcome measures. 

Planned comparisons were used to identify the location of 

significant differences between individual speeds. 

 
RESULTS AND DISCUSSION 

Average EMG. Average EMG increased in seven out of the 

nine examined muscles between the slowest and fastest 

speeds, although no significant speed-dependent changes were 

observed in semitendinosus or tibialis anterior average EMG.  

 

Kinematics and GRFs. Between the slowest and fastest 

speeds, ankle and knee joint range of motion, peak joint 

rotational velocities within the first 20ms after ground contact 

and peak GRF all increased.  

 

SLR responses. Running speed had a significant main effect 

on SLR responses for all extensor muscles. SLR area either 

increased up to mid-range running speeds and then decreased 

(soleus, vastus lateralis, vastus medialis), or increased to a 

plateau (lateral gastrocnemius, medial gastrocnemius, rectus 

femoris). Mean SLR data for all muscles are shown in Figure 

1. 

 

This study sought to determine the modulation pattern of 

naturally evoked stretch reflexes in the major human leg 

extensors for running speeds from 7 to 15 km/hr. In all of the 



examined muscles, the reflex response was smallest at the 

slowest running speed, peaked at intermediate running speeds, 

and either decreased or was unchanged at the fastest speed. 

These patterns of modulation are generally consistent with the 

force-dependent changes in reflex size reported previously in 

the leg muscles of cats and humans in non-locomotor 

conditions [3,7]. The findings also add support for the 

hypothesis that with changes in muscle force, muscle stiffness 

and reflex stiffness are inversely modulated in order to 

maintain an appropriate level of total MTU stiffness in 

response to a stretch [7].  

 

Figure 1:  Group SLR data (n = 10) for 6 leg extensor 

muscles. *, ** and *** denote a significant difference from 

the immediately preceding running speed at the p < 0.05, p < 

0.01 and p < 0.001 levels, respectively. 
#
, 

##
 and 

###
 denote a 

significant difference from the 7 km/h condition at the same 

significance levels. 

 

In both the knee extensors and triceps surae muscles, a 

decrease in reflex size at faster speeds was only observed in 

mono-articular muscles, whereas the bi-articular muscles 

exhibited a reflex plateau. Differences in the transfer of the 

stretch to the muscle fibres may offer an explanation for some 

of these findings. The leg extensor muscles examined in this 

study all differ in terms of cross sectional area, muscle-tendon 

architecture and muscle spindle density. For example, the ratio 

of tendon length to muscle fibre length is greater in the triceps 

surae muscles than the knee extensors. The number of spindles 

also ranges widely between approximately 150-450 in these 

muscles. It may thus be expected that the role of the stretch 

reflex may differ between these muscles, yet all of the major 

leg extensors exhibited similar trends of modulation in 

running, suggesting a similar function for the SLR in these 

muscles.  

 

CONCLUSIONS 

The hypothesis that the SLR contributes to MTU stiffness 

regulation predicts that in response to a stretch, intrinsic 

muscle stiffness may transiently decrease, which is 

compensated by a reflex response that is sufficiently strong 

and appropriately timed to prevent mechanical yield until 

longer latency, centrally mediated responses become effective 

[3,7]. Data have subsequently been provided in support of this 

hypothesis from various human muscles, showing that the 

contribution of the SLR to total MTU stiffness peaks at low to 

intermediate forces [e.g. 5]. The pattern of reflex responses 

observed previously is consistent with data obtained here 

during unconstrained human running, suggesting that the SLR 

serves to assist in the regulation of MTU stiffness during this 

task, as is the case in cat locomotion.  
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