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SUMMARY 
 
 The aim of the study was to integrate three groups of signals 
during passive movements in lower limb joints: stretch 
characteristics, reactive resistance and muscle activity, to 
provide objective spasticity parameters. The current study 
focuses on the results for the hamstrings. 
26 children with spastic Cerebral palsy (CP) and 8 typically 
developing  (TD) children were evaluated. The CP group had 
mild to moderate spasticity. The hamstrings were evaluated in 
supine position by passively extending the knee at slow (V0) 
and medium (V1) velocity and as fast as possible (V2). Stretch 
characteristics were measured using inertial measurement 
units. Reactive resistance was estimated using a force 
transducer and muscle activity of the agonistic and 
antagonistic muscle groups were recorded using surface EMG 
(sEMG). Higher average sEMG signals were found in the CP 
group compared to TD, at all velocities. Similar differences 
were described for work at V1 & V2. The change in EMG 
versus change in work, due to increased velocity, 
discriminated between CP and TD. Between Ashworth groups, 
the average amount of normalized sEMG signals differed 
significantly at all velocities as did work at V2,V1,V0. 
However, the middle Ashworth grades were quantified in 
more detail by this objective integrated spasticity assessment. 
 
INTRODUCTION 
There is a paucity of clinically implemented objective 
measures of spasticity. Recently an integrated muscle tone 
measurement procedure has been developed for measuring 
spasticity in children with cerebral palsy (CP). The aim was to 
integrate three groups of signals during standardised passive 
movements in different lower limb joints, which are (1) stretch 
characteristics (joint angle parameters), (2) reactive resistance 
and (3) muscle activity, to provide objective spasticity 
parameters. The procedure was developed for the 
gastrocnemius, hamstrings, rectus femoris and hip adductors. 
The current study focuses on the results for the hamstrings. 
 
 
 

METHODS 
26 children (age 10.3±2.5y) with spastic CP (GMFCS I-III, 11 
hemi, 15 di) and 8 typically developing (TD) children (age 
11.2±3.3y) were evaluated.  The CP group had mild to 
moderate spasticity as tested by the Modified Ashworth scale 
(1-3). The hamstrings were evaluated in supine position by 
passively extending the knee through the full range of motion 
at slow (V0) and medium (Ashworth-like) (V1) velocity and 
as fast as possible (V2). Stretch characteristics (joint angles, 
angular velocity and acceleration) were measured using 
inertial measurement units (IMUs). Reactive resistance 
(expressed as torque) was estimated using a 6 DoF force 
transducer and muscle activity of the agonistic and 
antagonistic muscle groups were recorded using surface EMG 
(sEMG). Individual sEMG signals were normalized to 
maximum voluntary contraction (MVC). The measures were 
collected and analysed using custom made software (Labview, 
National instruments & Matlab®, The Mathworks). The 
average amount of sEMG (i.e. the area under the rms EMG-
time curve divided by time and expressed as percentage of 
MVC), and work (i.e. integral of the torque over the angular 
displacement expressed in Joule [J]) were calculated during a 
period around the time of maximum velocity.  This period of 
interest was defined as starting 200ms prior to the time of 
maximum velocity and ending when 90% of the range of 
motion had been reached.  EMG and work parameters 
calculated at V0, V1, and V2, as well as their change at V2 
with respect to V0, were compared between groups. CP 
patients were also subdivided by their Modified Ashworth 
scale scores (AS). Parameters for the patients with the lower 
scores (AS 0-1+) were compared to those with higher (AS 2-
3).  Inter groups differences were studied by the Student’s t-
tests, with a significance level of p<0.05. 
 
RESULTS AND DISCUSSION 
Higher average sEMG signals in the Hamstrings were found in 
the CP group compared to TD, at all velocities, but most 
obvious at V2 (p<0.0001). Similar differences were described 
for work at V1 & V2 (p= 0.0052 and p< 0.0001 respectively).  
 
 

a. 



Figure 1 visualizes the change in EMG versus change in work, 
due to increased velocity, representing an overall spasticity 
profile for TD and CP children. A clear discrimination 
between CP and TD can be recognized. Between Ashworth 
groups, the average amount of normalized sEMG signals 
differed significantly at all velocities (p<0.0001) (Table 1) as 
did work at V2 (p=0.0004), at V1 (p=0.03) and at V0 
(p=0.02). However, the middle Ashworth grades were now 
quantified and classified in more detail by the current 
objective integrated spasticity assessment. 
The results clearly indicated that electrophysiological and 
biomechanical parameters were able to quantify spasticity. 
More-over, characteristics of sEMG also allowed to 
classify patients, by decomposing neurogenic and non-
neurogenic components of spasticity. This can now be 
explored in more detail. 
 

CONCLUSIONS 
Different integrated spasticity parameters, studied for an 
individual patient or a group of patients, provide quantitative 
levels of spasticity, which seems to be more sensitive than the 
current subjective clinical spasticity scales.  
 
ACKNOWLEDGEMENTS 
This study is supported by IWT Flanders (IPSA project). 
 

 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 CP AS 0-1+ 
sEMG (n=12) 

CP AS 2-3 
sEMG (n=14) 

Mean [%] 2.5 10.3 
Std Dev 4.0 11.8 
p-value < 0.0001 
 CP AS 0-1+ 

sEMG (n=12) 
CP AS 2-3 

sEMG (n=14) 
Mean [%] 2.5 10.3 
Std Dev 4.0 11.8 
p-value < 0.0001 

A. TD children B. CP children

Figure 1: Change in average amount of sEMG (normalized to 
MVC), at V2 with respect to V0, for a. the TD and b. CP group 
(including visualization of uncertainty regions using a 
bootstrap method) 

Table 1: Average amount of sEMG, normalized to MVC, at 
V2 for both AS groups 


