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SUMMARY 
Short Range Stiffness is a short term linear muscle stiffness 
observed when a muscle(fibre) is stretched, is proportional to 
muscle force [1,2]. Recently we developed a method to 
identify Short Range Stiffness around the wrist joint [3]. Short 
Range Stiffness is characterized by the elastic stiffness and the 
range over which stiffness is elastic, the Elastic Limit. 
We show that the Short Range Stiffness is independent of 
magnitude and direction of joint rotation velocity, while the 
Elastic Limit is proportional to the velocity. 
 
 
INTRODUCTION 
Altered joint stiffness after a first motor neuron lesion, e.g. 
stroke is a general observation in case of movement disorders 
(e.g. [4]). The joint stiffness can be explained by either passive 
components originating from connective tissues, or active 
components originating from muscle properties and/or 
reflexive components from neural settings [5]. Short Range 
Stiffness (SRS) may help in discriminating the active 
component from the passive and reflexive components. 

What is SRS? During initial stretching of muscle, a linear 
increase of force with elongation is observed in muscle fibre 
(e.g. [1]) and muscle-tendon complex [2]. This mechanical 
property of muscle is proportional with force, and therefore 
attributed to active cross-bridge properties. During the initial 
stretching, slow cycling cross-bridge linking actine and 
myosine result in the elastic behavior which is monotonous 
with the force or the number of cross-bridges attached. This 
short term linear elastic increase of force (∆F) over 
displacement (∆X) is called Short Range Stiffness:  

SRS = ∆F/∆X (1) 

SRS is identified over a limited displacement range in which 
the force trajectory is linear and which is defined by the 
Elastic Limit (EL). 

Can we determine SRS around the joint? In a ramp and hold 
wrist rotations extending either the torque generating wrist 
flexors or the wrist extensors, the initial force increment was 
linear and proportional with the exerted torque [1] while the 
EL was constant. By modeling joint stiffness by a non-linear 
spring with an initial high stiffness (SRS) and a stiffness fall 
after a variable EL the short range stiffness around the wrist 
could be identified (Figure 1). SRS around the wrist joint was 
proportional with the wrist joint torques,  EL was constant. 

The goal of this study was to determine the effect of velocity 
and directionality on SRS 

 
METHODS 
The wrist of volunteers was fixed between an arm rest and a 
motor driven lever, with the wrist joint aligned with the axis of 
the lever (Fig. 1). Ramp and Hold (RaH) wrist rotations were 
applied followed by 15 seconds rest intervals. Angular 
displacement was measured by a digital encoder (Stegmann 
SRS50, Düsseldorf, Germany). Torque exerted onto the 
handle was measured by strain gauges within the handle lever. 
Activity of the flexor carpi radialis (FCR) and extensor carpi 
radialis (ECR) was recorded by EMG (Delsys Bagnoli, 20–
450 Hz band-pass, 10 mm inter-electrode distance), full-wave 
rectified. All signals were sampled at 2.5 kHz and low-pass 
filtered (50 Hz, 3rd order recursive Butterworth). 

Eight volunteers (25 ± 4 years, four male) participated in the 
velocity protocol. Eccentric Ramp and Hold wrist rotations, 
elongation the agonist muscles consisted of all combinations 
of four angular velocities (1.3, 1.95, 2.6 and 3.25 rad/s) and 
three target torques (0.9, 1.5 and 2.1 Nm) and were applied in 
randomized order. Each combination was applied three times. 

Eight volunteers (26 ± 2 years, four male) participated in the 
directional protocol in which the agonist (toque generating) 
muscles were either stretched (eccentric) or shortened 
(concentric). RaH wrist rotations were consisting of flexion 
and extension RaH’s at 0.65, 1.95 and 3.25 rad/sec at four 
target torques (0, 0 .6, 1.2 and 1.8 Nm), applied in randomized 
order. Each combination was applied three times. 

Figure 1 The wrist was fixed between an arm rest and a motor 
driven lever, with the wrist joint aligned with the axis of the 
lever. A 10 parameter model is estimated including the linear 
lever stiffness, linear handgrip stiffness and non-linear joint 
stiffness (inset) defining short range stiffness (SRS) and elastic 
limit (EL) and a stiffness beyond EL [3]. 
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SRS was determined according [3] using a 10 parameter 
model including the linear lever stiffness, linear handgrip 
stiffness and non-linear joint stiffness (Fig. 1). 
 
 
RESULTS AND DISCUSSION 

No significant effect of joint velocity on Short Range Stiffness 
was observed (Fig. 2). Apparently, the velocity of muscle 
stretch did not significantly change the average number of 
attached cross-bridges during elongation.  

The Elastic Limit increased proportional with velocity (Fig. 2) 
while the time in which the EL was reached was constant at 
about 30 msec. (not shown). The velocity dependency of the 
elastic limit was attributed to detachment of cross-bridges in 
such a way that cross-bridges during a rapid movement would 
probably move further before being broken down than it 
would in a slow movement [6]. 

The Short Range Stiffness and the Elastic Limit were both 
invariant for the direction of wrist rotation, i.e. invariant for 
eccentric and concentric loading of the wrist flexors (Fig. 3) 
This was the case over the whole range of velocities and 
torques tested. The dependency of torque in combination with 
the invariance of joint rotation direction supports the 
hypothesis that SRS is the elastic behavior of cross-bridges.  
The observations with respect to short range stiffness at the 
wrist are summarized in table 1. 
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Table 1 Summarized responses of Short Range Stiffness and 
Elastic limit at the wrist joint on torque level, rotation velocity 
and rotation (stretch) direction. 

 SRS ELASTIC LIMIT 
Torque monotonous invariant 
Velocity invariant proportional 
Stretch direction invariant Invariant 

 
RELEVANCE 

With the characteristics observed in this study, Short Range 
Stiffness and the Elastic Limit are powerful parameters to 
study the relative contribution of cross-bridges and its 
dynamics to joint stiffness around joints. In neuromuscular 
diseases it enables us to discriminate the muscular 
contribution to joint stiffness from the contributions of passive 
tissue and reflexes. 
 
CONCLUSIONS 

Short Range Stiffness and the Elastic Limit measured at the 
wrist joint, represent elastic, torque related cross-bridge 
characteristics that are relatively insensitive for velocity and 
stretch direction.  
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Figure 2 Estimated Short Range Stiffness (SRS) 
and Elastic limit (EL) for the three incremented 
torque levels  (red, green, bleu) and velocity 
(horizontal axis) 

Figure 3  Estimated Short Range stiffness (ksrs) 
and elastic limit (xs) at 3.25 rad/sec for 4 
incremented flexion torque levels (horizontal 
axis) during eccentric and concentric stretching 


