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SUMMARY 

Spastic cerebral palsy is the most common form of cerebral 

palsy (CP). Despite this, clinical tools for measuring spasticity 

are not sufficiently accurate or reliable. This research aimed to 

objectively quantify spasticity in the hamstrings by integrating 

biomechanical and electrophysiological signals during passive 

stretch at different velocities. The main findings were that 

integrating objective parameters is a valid and repeatable 

method for measuring spasticity in the hamstrings of children 

with spastic CP.  

 

 

INTRODUCTION 

Current clinical measures of spasticity lack the accuracy and 

sensitivity that is needed to provide clinicians with 

quantitative data on spasticity [1]. Objective methods, have 

been proposed, but not checked for repeatability and are thus 

not yet clinically implemented [2]. The aim of this study was 

to investigate the repeatability and preliminary validity of a 

newly developed non-invasive, portable muscle tone 

measurement device which integrates biomechanical and 

electrophysiological signals to measure hamstrings spasticity 

in children with spastic cerebral palsy.  

 

 

METHODS 

Six children with spastic CP (age 10.3±2.6y, GMFCS I-III, 3 

hemi-, 3 diplegia) and six typically developing (TD) children 

(age 10.5±3.48) were tested on two occasions within a four 

week period. The hamstrings were tested in supine position by 

passively moving the knee joint through the full ROM during 

five seconds (V0), one second (V1) and as fast as possible 

(V2). Joint angles, angular velocity and acceleration were 

measured using inertial measurement units (IMUs). Reactive 

resistance was measured using a 6 DoF force transducer and 

muscle activity of the agonistic and antagonistic muscle 

groups using surface electromyography (sEMG). Individual 

sEMG signals were normalized to maximum voluntary 

contraction (MVC) and expressed as a percentage. Data was 

recorded with a custom-made Labview application (National 

instruments).  

The following parameters were calculated (custom-made 

software Matlab®): the average amount of sEMG at each 

velocity, the difference in the average amounts of sEMG 

between V2 and V0, resistance and work. Parameters were 

calculated at each velocity during a zone starting 200ms prior 

to the time of maximum velocity and ending when 90% of the 

ROM was reached. The amount of sEMG refers to the area 

under the rms EMG-time curve. To calculate the average, this 

amount was then divided by the time and expressed as a 

percentage of MVC. Resistance was defined as the regression 

line between position and torque. Work was calculated as the 

integral of the torque over the angular displacement. Within 

session repeatability was carried out in the CP group with 

ICCw(1,1), based on single data; between session reliability 

with ICCb(1,k), using averaged data
 
[3]. Differences between 

the CP and TD groups were checked using the Mann-Whitney 

U Test with p<0.05 indicating significance.  

 

 

RESULTS AND DISCUSSION 

All parameters explored in the CP group had moderate to high 

repeatability [3] within and between sessions (Table 1). All 

parameters increased with increasing velocity and were higher 

in the CP group than in the TD group. However, significant 

differences between CP and TD groups at all velocities were 

found for average amount of sEMG and at V2 for work (Table 

2). This study showed that electrophysiological and 

biomechanical parameters can objectively identify spasticity 

in the hamstrings in children with spastic CP. sEMG 

parameters are the most sensitive in detecting these 

differences however, resistance too was shown to increase 

when the limb was moved at highest velocity indicating an 

agreement with Lances definition of spasticity. Furthermore, 

these indicators are repeatable within one session and between 

two sessions. Resistance and average amount of sEMG 

became increasingly repeatable at higher velocities. Work at 

medium velocity had the lowest repeatability. This velocity 

mimics the Modified Ashworth Test and this result may 

further confirm finding that this too is unreliable [1]. In the 

future, a study using a larger sample and assessing inter-rater 

reliability is needed to further verify these initial findings. 

Additional examination of the outcome parameters on a larger 
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group of subjects will further validate the results of this study. 

By further studying the EMG and torque outcomes at different 

velocities and over different positions of the ROM this 

technique may be used to classify spasticity in a new way or 

used for comparison reasons to verify spasticity scores from 

subjective clinical measurements. The technique should be 

expanded to more muscles and to other pathologies where 

spasticity limits movement. 

 

 
Figure 1: Average amount of sEMG during max velocity zone 

at V2 and change in average amount of sEM, at V2 with 

respect to V0, for the TD and CP group. 

 
Figure 2: Mean work during max velocity zone at V2 for the 

CP and TD groups. 

 

CONCLUSIONS 

By integrating biomechanical and electrophysiological signals 

the measurement of spasticity in the hamstrings of children 

with spastic CP, is valid and consistent. 
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Table 1: Between- and within-session ICC in CP group (n=6) 

Parameter Inter/Intra Session 

Velocity V0 V1 V2 

sEMG 0.72/0.97 0.8/0.99 0.78/0.99 

sEMG V2-V0 0.80 

Resistance 0.77/0.95 0.98/0.96 0.93/0.98 

Work 0.93/0.92 0.54/0.96 0.72/0.98 

 

Table 2: Parameter means and p-values CP (n=6) and TD (n=6) groups 

Parameter CP mean/ TD mean (p-value) 

Velocity V0 V1 V2 

sEMG (%) 2/0 (0.01) 4/0 (0.03) 8/1 (0.01) 

sEMG V2-V0 (%) 6/0 (0.01) 

Work (J) 4.1/3.5 (0.12) 6.7/5.4 (0.53) 14.2/12.6 (0.02) 

Resistance (Nm/rad) 2.04/1.09 (0.71) 3.1/2.3 (0.19) 6.9/4.4 (0.76) 

 


