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Spasticity is a neurological disorder which results in disordered sensorimotor control owing 

to an upper motor neuron lesion. The muscles are continuously contracted which causes 

stiffness in the muscle which hinders the movement of muscle from their natural movement. 

It is mainly caused due to an injury to the central nervous system. Commonly used 

assessment methods of spasticity like the Ashworth and modified Ashworth scales do not 

quantify the degree of spasticity in the patients as they simply make available a semi 

quantitative degree of the force applied by the foot as resistance to passive movement with 

restricted inter-rater reliability. Electromechanical methods like isokinetic dynamometers can 

be used only when an objective quantitative weigh is available for the resistance to passive 

motion. Electrophysiological methods are valuable for the understanding of the 

pathophysiological procedures tangled in spasticity. But none of the methods are easy and 

reliable. 
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1. Introduction  

One of the most common diseases which potentially 

disables the person is Spasticity which affects the Spinal Cord 

Lesion (SCL) of the individual. According to studies 70% SCL 

patients end up having spasticity within one year of injury
1
 and 

the anti-spastic medication is so scarce that only half receives 

them
2
. For having an effective treatment and validations of 

possible effects of new treatment inventions quantitative 

assessment of spasticity and spasms have to be done. 

Spasticity, though, easy to recognize but is not easy for its 

quantification. The main aim of this review paper is an 

evaluation of the reliability of the commonly used procedures 

for the spasticity quantification. Also, it determines the 

relationship between the tests used in the clinic which are 

generally done manually and more objective and quantifiable 

neurophysiological and electrophysiological techniques 

generally used for further investigation. To determine the 

positive potential effects of new treatment inventions a 

quantitative assessment of spasticity and spasms has to be 

done. Although spasticity is generally easy to recognize, it is 

not the same in terms of its quantification. Therefore, the main 

purpose of this paper is an assessment of the most frequently 

used methods for their reliability and quantification. 

 

The distinguishing feature between the spasticity and 

other syndromes where there is a change in resistance to 

passive movement is its velocity dependency. The main 

problems with stiffness, fibrosis, contractures and atrophy 

change the muscle mechanical properties and also their 

classification and definition found in patients with SCL
3
. A 

significant relation between contracture and spasticity is the 

reduced range of motion (ROM)
4
. These changes distinguish 

them from spasticity but their determination is very difficult 

clinically. The distinction is of great significance as it 

determines the drugs to be given as well as the anti-spastic 

therapy to be given. SCL suffering patients have less severity 

of spasticity as compared to those with nominal sparing of 

voluntary movement
1,2,4

. The degree of spasticity ranges from 

trivial to serious disabilities. Variation in spasticity during the 

day time it termed as cervical SCL
5
. 

 

2.  Clinical Methods 

Clinical methods provide the quantitative and semi-

quantitative measure of the resistance to passive motion. 

Various clinical methods have evolved over the time. Some 

clinical methods are discussed are Ashworth Scale, Modified 

Ashworth Scale, Tardieu Scale, Modified Tardieu Scale, 

Pendulum Test, Spasm Frequency Scales, Mynometric 

Devices, Neurophysiological, Electromechanical techniques as 

shown in Fig. 1. 

 

2.1 The Ashworth and Modified Ashworth scales 

The most often used procedures for the assessment of 

spasticity and its estimation are the Ashworth Scale (AS) and 

Modified Ashworth Scale (MAS). The simplicity of AS and no 

instrument requirement makes it a quick and easy method to 

carry out in numerous research studies. Bohannon and Smith 

established that a scale to the lower end to be added as 

several of their patients manifested that level of spasticity
6
. To 

make the scale less discrete, they included an extra category 

and they modified the scale. During the research, the rater 

should have an adequate training of the rating procedure 

before beginning the testing procedure and a well-designated 

procedure should be followed by the rater. Because of the 

large variation in the rater, it is suggested that only one rater 

should accomplish the entire test in an examination. For 

determination of all the influences from passive muscle 

structure, the operation of the limb at a speed should be done 

under the threshold of stretch reflex activity and the 

comparison should be done between the resistance at this 

speed and the higher speed of movements.  
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Pandyan et al concluded that for a nominal level of 

measure of resistance to passive movement AS can be utilized 

but not for spasticity assessment
7
. MAS can be used for 

measurement of the nominal level of the resistance to passive 

motion until the uncertainty between the scale of 1 and 1p 

grades is fixed. It can be concluded that AS and MAS may not 

be suitable for persons with SCL
8
. Sko’ld 

5
 concluded the 

study with 45 individuals suffering from SCL and derived 

that there was a substantial correlation between the Visual 

Analogue Scale (VAS) self-rating of spasticity and MAS. 

 

 
Fig. 1: Different methods of Spasticity Assessment 

 

2.2Tardieu and Modified Tardieu Scale 

Some recent studies have revealed that Tardieu scale can 

be easily used for quantification of the spasticity and is more 

reliable than the MAS. Tardieu scale is based on the concept of 

velocity dependent increase in the stretch reflexes
9
. The 

quantification of the muscle tone is done by measuring the 

intensity of the muscle stretch reflexes at some specified 

velocities. This scale has a distinct description for the proper 

positioning of the patient and also for the velocities for which 

each muscle has to be tested. It also has a score for the quality 

of the muscle reaction or reflex. So it can be concluded that it 

has shown more reliability than AS and MAS 
10

.  

 

Modified Tardieu Scale (MTS) quantify the muscle activity 

at the maximum stretching velocity and the scores are given to 

the muscle reflex from 0 to 5. The measurement of the 

resistance can be easily done with MAS but velocity dependent 

increase in the reflex activity of the muscle cannot be assessed 

so it deviates from the main definition of spasticity. Moreover, 

no clear distinction for the peripheral and neural contributions 

to the reflex of muscle. On the other hand MTS is more precise 

and sensitive for this change in muscle reflex 
11

. 

 

2.3 Pendulum test  

Pendulum test was first developed by Wartenberg back in 

1951. It has been analyzed in the further research
12–15

. The 

patient is made to sit or lie over the end of a couch with his 

lower leg hanging. The patient’s leg is then extended to a 

horizontal position by the examiner while the patient is in a 

relaxed state. The leg is then released and it swings under the 

effect of gravity without restrictions. The electro-goniometers 

are used to evaluate the swing of the leg about the knee joint. 

The person with spasticity shows a reduction in the swing. 

Goniometer are used to measure the initial flexion and the final 

position of the knee joint and their ratio is employed for its’ 

quantification. It crucially depends on the posture of the sitting 

person and his ability to relax fully. It can merely be employed 

for knee muscle spasticity and thus it does not contain any 

useful information about severe spasticity. The quantification of 

the reduction in the swing is done. 

 

2.4 Myotonometric Devices 

Another method for the quantitative assessment of the 

muscle tone is Myotonometric measurements. Myotonometric 

devices are dependable for measuring the tone of the muscle 

in relaxation and contracted muscle stiffness. It can be used for 

the varying levels of the contraction i.e. 25%, 50%, 80% and 

100% of Maximal Voluntary Contraction (MVC) by means of 

frequency, stiffness and Area Under the Curve (AUC) 

parameters 
16

. 

2.5 Spasm frequency scales  

Penn spasm frequency scale was basically produced so 

that the consequence of intrathecal baclofen can be 

determined in 20 patients suffering from spasticity due to 

multiple sclerosis and SCL
17

. The scale developed was 

sensitive and was giving less optimal results when used for 

other purposes. A substitute frequency scale for spasm has 

been suggested which does the rating on the basis of spasm 
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frequency per day
18

. A spasticity score was created as a 

product of the degree of muscle tone in accordance with the 

Ashworth Scale and frequency of spasm. Priebe et al
19

 did the 

study with 85 subjects suffering from SCL with varying degree 

of spasticity and deduced a relationship between Penn spasm 

frequency and self-report scales of interference with function 

and aching spasm. 

 

2.6 Neurophysiological methods 

Stretching of the muscle(stretch reflex), tendon tap(T-

reflex) or electrical stimulation of peripheral nerve supplying the 

muscle(H-reflex) gives rise to responses measured by EMG for 

the assessment of the spasticity from past many years for 

evaluation of these responses exaggerated in spastic 

individuals and related to the degree of spasticity. Even EMG 

response to passive manipulation of the limb has been used by 

the examiner for the measurement
20,2122

.  

 

2.7 Electromechanical methods 

Electromechanical methods frequently used for the 

evaluation and assessment of spasticity are Isokinetic 

dynamometers. The major benefit is that standardization is 

made between the operating velocity stretch and possible 

amplitude and therefore it is possible to quantify the velocity 

dependent resistance offered by the muscle to inactive 

movement. 

 

2.7.1 Dynamometer Measurements 

The trustworthiness and legitimacy of isokinetic 

dynamometers were observed in many studies
23–27

and 

concluded that the values of the resistive force are highly 

reproducible for both low and high velocity and for both the 

healthy subjects as well as subjects with SCL and cerebral 

palsy. In all the studies described earlier the resistance to the 

passive motion of the muscle in both flexion extension and/or 

of a joint is quantified for the variable stretch velocities, i.e. the 

torque is quantified with sensitivity to the velocity of a stretch. 

In others, the total resistance of the muscle is evaluated at 

various velocities of stretch and in some the intrinsic and 

velocity dependent components are differentiated with torque 

components. With isokinetic dynamometers, the muscle 

resistance dependency on velocity, contributions from intrinsic 

muscle resistance and muscle resistance evoked from stretch 

can be determined
28,29

. Future scope is to develop these 

methods and making new portable and semi portable devices 

which can be easily used in clinical settings
30

. 

 

2.7.2 Torque interaction 

It is based on the principle of cosine tuning which is the 

basis of muscle activity modulation. The muscle activity of the 

knee and hip joint is quantified by the linear summation of both 

torques i.e. knee joint torques ( ) and hip joint torques ( ).  

 
This equation can be reduced as  

 

where P = (a,b), T = ([ ) and  is the angle between 

them. This principle is called the cosine tuning and the 

quantification of this muscle activity torque is done for the 

assessment of muscle activity 
31

. 

 

2.7.3 Sonoelastography 

In Sonoelastography the calculation ofYoung's modulus is 

done which is the main physical quantity for measuring of 

stiffness
32

. In sonoelastography scanning light, reiterative 

compression was applied by hand with the portable 

transducer
33

. The visual feedback to the sonographer is 

provided by the quality bar indicator to monitor the 

compression technique. It is a seven-box indicator which 

begins to illuminate when the repetitive compression is applied. 

If 5 boxes, how green illumination then the displacement with 

the repetitive compression is sufficient. This color indication 

displays the relative stiffness of the muscle which ranges from 

red to blue with increasing trend of hardness with green and 

yellow color showing the medium spasticity. Sonoelastography 

is an encouraging indicative tool for assessing stiffness which 

is more objective 
34

.  

 

2.8 Inertial Measurement Methods 

An inertial sensor can be easily used for the 

characterization of the leg kinematics during the pendulum test 

and thus can be used for quantitative assessment of the 

spasticity of the quadriceps. Though a variety of methods has 

been discussed for the assessment of spasticity
35

 no method is 

widely used in today’s clinical practice and AS and MAS has 

been always the most diffused methods for the evaluation
36

. 

Both the scales only determine the resistance to the passive 

movement with a specific joint taken into consideration. Though 

they are much simpler to apply, the evaluation done by them is 

neither objective nor quantitative and largely depends upon the 

rater. Both also suffer from the limitation of poor sensitivity. 

Fleuren et al are against the use of AS for the assessment and 

has shown that it is neither reliable nor valid
37

. Even these 

raters cannot abandon this method due to lack of any particular 

judicious alternative. 

 

The more practical approach for evaluating the spasticity 

of the quadriceps is by generating the movement by gravity 

same as in pendulum test. The pendulum test is always used 

for evaluation due to its simplicity. Recently developed devices 

which are widely used are Inertial Measurement Units (IMU) as 

they are highly accurate, lightweight and small so it can be 

used for tracking the proper 3D motion of the joint. It’s simple 

use, portability, and low-cost helps in the encouragement of 

this new unit for the assessment in clinical practices. Thus the 

pendulum test done using IMU can be used for the assessment 

of the spasticity
38

. 

 

3. Conclusions          

Various tests and measurements have been done to 

assess various aspects of spasticity. For minimizing effects of 

confusing factors, strict guidelines have to be adhered to for 

the assessment procedures in addition to a regular training 

program for the assessors. In clinical methods there is no 

general assess to quantify spasticity. Assessment techniques 

like AS and the MAS are most frequently used techniques. 

Though, their validity has been questioned as they focus on 

grading of resistance and not get the velocity-dependent 

characteristic of spasticity. The TS and MTS take the velocity-

dependent characteristic of spasticity and are therefore 

recommended to be a most suitable measure for spasticity as 

compare to the AS.  
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Moreover, an amalgamation of electro-physiological and 

bio-mechanical techniques results in some better results of the 

full characterization of the spasticity; preferably, during 

functional passive/active movements as this may outcome in a 

much better assessment and closer to the clinical based 

phenomena. Goniometry is a vague method to measure the 

true AoC (Angle of Catch) due to inaccurate re positioning of 

the joint to the position where the catch was felt. Newly 

available inertial sensors can accurately measure orientation in 

space Inertial sensors are reliable and accurate to use in TS 

measurements to quantify Spasticity.  There is a need for 

reliable and reproducible quantitative measures for the 

assessment of novel treatments of spasticity. Advancement 

and standardization of electro-mechanical techniques are to be 

done for having an effective and reproducible instrument. But in 

day to day clinical routine, simple instruments are needed 

which can be appreciated. 
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