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Spasticity and normal movement.
Normal movement as the ability to perform a well-coordinated movement by controlling multiple extremity segments in space and arriving at a target with some degree of accuracy and control. Performing even the simplest movement often is a frustrating task for patients with neurologic disorders. Disorders of spasticity and tone are often associated with movement problems in patients with upper motor lesions; however, the role of spasticity in movement dysfunction is not well understood. 

For years therapist have been operating under the assumption that spasticity is the primary cause of abnormal motor control. Recently, research studies have begun to explore the relationship between spasticity and movement, and results suggest that spasticity alone cannot explain the movement problems exhibited by patients with neurologic disorders
.

Some of the difficulty in understanding the relationship between spasticity and motor control has been because of the multiple definitions of spasticity, the confusion between spasticity and muscle tone, the difficulty of adequate measurements, and a lack of research designed to test our clinical assumptions. 

Spasticity and tone not describe the same phenomenon. Muscle tone typically is defined as the state of muscle contraction and examined physiologically by electromyography (EMG) and clinically by the resistance to passive stretch
. Hypertonus is a description of excessive muscle activity and hypotonus is inadequate or less than expected muscle activity. Clinicians also are aware that muscle tone changes readily with position, posture, activity (resting or during movement), excitement, illness, and others factors. Therefore, the tone has a dynamic nature. Katz and Rymer suggested that muscle tone is a result of the central nervous system (CNS) output that occurs with spontaneous and voluntary movement, as opposed to spasticity that is a reflexive mechanism that increases muscle activity in response to a sensory stimulus (ie, muscle stretch)30. 

There are multiple definitions of spasticity. Lance defined spasticity as a velocity-dependent hyperexcitability of the stretch reflex31. In contrast, Bobath described spasticity as a phenomenon that can be assessed by observing the patient’s movements. The Bobath definition of spasticity includes hypertonus caused by tonic reflexes, muscle co-contraction, and abnormal movement patterns
. Shaw defined spasticity as only one dimension of hypertonicity; therefore, tone is the umbrella term and spasticity (hyperreflexia) is one component
. 

Figure. Spasticity concept. 





Results from studies that examined or discussed the relationship between spasticity and movement ability provide conflicting evidence. Much of this conflict can be explained by differing definitions of spasticity. If spasticity is defined as the presence of abnormal movement patterns, then spasticity may be strongly related to movement function; however, if spasticity is defined as hyperactive velocity dependent response to muscle stretch, then it may have a weak association with movement function. The literature suggests
,
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 that there is little evidence of a direct or causal relationship between spasticity and movement dysfunction when spasticity is defined according to Lance 198031. 

In summary, the relationship between hyperactive reflexes and central control of movement is unclear. The evidence suggests it is not causally related. Spasticity and tone may be two different processes that, in fact, share components of similar neural circuits.   

Spasticity: outcomes measures. 

Although the Modified Ashworth Scale (MAS)
 is the most commonly used clinical measure of spasticity, several studies questioned the use of this measure
,
. Pandyan 1999 suggested that the Ashworth Scale can be used to measure resistance to passive movement, but not spasticity, because resistance to movement may be the result of several factors, only one of which is spasticity44. 

The MAS has been recently modified. Ansari et al 2008 analyzed the interrater and intrarater reliability of clinical test of knee extensor post-stroke spasticity graded on a Modified Modified Ashworth Scale (MMAS). The results showed that MMAS demonstrated reliable measurements for a single rater and between raters for measuring knee extensor post-stroke spasticity. The results encourage further study on the reliability and the validity of the scale
. Ghotbi et al 2011 conducted a test-retest study on spasticity in the hip adductors, knee extensors, and ankle plantar flexors. The reliability for the ankle plantar flexors was significantly higher than that for the hip adductors. The intrarater reliability of the MMAS in patients with lower-limb muscle spasticity was very good, and it can be used as a measure of spasticity over time
. Ansari 2009 et al investigated he inter-rater reliability of the MMAS during the assessment of elbow flexor spasticity in adult patients with post-stroke hemiplegia. The MMAS yielded reliable measurements between raters when used on patients post-stroke with elbow flexor spasticity
.

Shaw et al33 examined the relationship among several clinical measures of tone and spasticity (MAS, handhelder dynamometry, the H-reflex, and the pendulum test). Although all the measures in this study showed differences between the hemiplegic and the less affected extremity in patients following a cerebrovascular disease (CVA), the measures were not necessarily related to each other. Voerman 2005 reviewed the literature concerning neurophysiological methods to assess spasticity. The three most commonly used methods: the Hoffmann reflex (H-reflex), the Tendon reflex (T-reflex), and the Stretch Reflex (SR). This systematic review suggested that the clinical and experimental use of the three methods is restricted due to moderate reliability and sensitivity. It is recommended to perform combined neurophysiological-biomechanical assessment of spasticity during active, functional movement
. Wood 2005 investigated biomechanical approaches for the measurements of spasticity. Seven measurement methods were identified: five involving passive movement (manual, controlled displacement, controlled torque, gravitational and tendon tap) and two involving active movement (voluntary and functional). Though biomechanical approaches provide quantitative data, the review highlighted several limitations that have prevented them being established as an appropriate method for clinical application to measure spasticity
.

Sorinola et al suggested that consistent and accurate stretch velocities and EMG responses can be achieved with manual wrist stretches for the assessment of the neural component of spasticity. Sorinola et al investigated the reliability of electromyographic (EMG) response to manual stretches of the hemiplegic wrist and its correlation with clinical assessments of spasticity (MAS) and physical function (Block and Box Test). The results showed that these objective tests did not correlate well with the standard clinical assessment of spasticity. They showed significant negative relationships with function, indicating that increased reflex excitability contributes to hand disability after stroke
.
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