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1. Introduction 

Stroke is the leading cause of functional disability. The most significant impairment 
developed in individuals with stroke is the loss of normal skeletal muscle tone on the 
affected side, which leads to the lack of normal, controlled movements and further limits the 
individual’s ability to carry out tasks of daily living. Session 1 of this chapter describes 
skeletal muscle changes after stroke and defines functional roles of muscle tone, elasticity, 
and stiffness. Session 2 discusses methods for measuring muscle tone, elasticity, and 
stiffness, including common clinical measure, laboratory measure, and a new novel 
myotonometer. Session 3 presents metric properties of the myotonometric measurements in 
previous studies. Session 4 provides an overview of myotonometric measurement relevant 
to stroke motor rehabilitation and future research directions, with special attention on the 
reliability, validity, and sensitivity to treatment-induced change of using the myotonometer 
to measure muscle properties of relaxed extensor digitorum, flexor carpi radialis, and flexor 
carpi ulnaris muscles in patients with stroke. Session 5 concludes the clinical value of 
myotonometric measurements in stroke rehabilitation.  

1.1 The definition and functional role of muscle tone, elasticity, and stiffness 

Muscle tone involves active tension and passive (resting) intrinsic viscoelastic tone (Ditroilo 
et al., 2011; Masi & Hannon, 2008; Simons & Mense, 1998). Human resting muscle tone was 
defined as the passive tonus or tension of skeletal muscle that derives from its intrinsic 
molecular viscoelastic properties (Masi & Hannon, 2008); that is, resting muscle tone is the 
viscoelastic stiffness without contractile activity (Simons & Mense, 1998). The functional 
roles of passive muscle tone are for maintaining balanced stability posture and for achieving 
energy-efficient costs for prolonged duration without fatigue (Masi & Hannon, 2008). 

Muscle elasticity is defined as the property of a muscle to return to its original form or shape 
after removing a deforming force, and muscle stiffness is a muscle’s resistance to 
deformation (Masi & Hannon, 2008; Panjabi, 1992; Simons & Mense, 1998). Factors that 
affect resting muscle tone, elasticity, and stiffness include neuromuscular disorders 
(Alhusaini et al., 2010; Hafer-Macko et al., 2008; Ratsep & Asser, 2011), massage (Huang et 
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al., 2010), stretching maneuvers (Magnusson, 1998; Reisman et al., 2009), aerobic exercise 
(Hafer-Macko et al., 2008), the length of skeletal muscle (Ditroilo et al., 2011; Hoang et al., 
2007), and eccentric exercise (Hoang et al., 2007; Whitehead et al., 2001). Decreased muscle 
elasticity brings on easier fatigueability and limited movement speed (Gapeyeva & Vain, 
2008). Muscle performing the movement (agonist) stretches out the antagonist muscle. 
Antagonist muscles with higher stiffness require greater effort for stretching, which leads to 
worse economy of movement (Gapeyeva & Vain, 2008).  

1.2 Skeletal muscle changes after hemiparetic stroke 

Evidence has revealed that the mechanisms of abnormal muscle tone in stroke patients 
include physiologic as well as mechanical (viscoelastic) properties of muscle (Dietz et al., 
1981; Katz & Rymer, 1989; Pandyan et al., 1999; Rydahl & Brouwer, 2004). Significant 
changes in structural and mechanical properties of the paralyzed muscle occur after a stroke 
(Sjostrom et al., 1980; Svantesson et al., 2000). Muscular atrophy and muscle phenotype shift 
to fast-twitch fiber proportions in the hemiparetic leg muscle after a stroke and relate to 
muscle fatigue, poor fitness, poor physical performance, and neurologic gait deficit (Hafer-
Macko et al., 2008). Spasticity (hyperactivity of stretch reflexes) and hypertonia (i.e., 
increased stiffness and viscosity) are common impairments after stroke (de Vlugt et al., 2010; 
Katz & Rymer, 1989). Spasticity is attributed to increased muscle tone related to 
hyperreflexia according to Lance (1980) who defined spasticity as a velocity-dependent 
increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from 
reflex hyperexcitability (Lance, 1980). Hypertonia, i.e., increased resistance to passive 
stretch, was more associated with intrinsic changes of the muscles than increased reflex 
activity (O’Dwyer et al., 1996). Moreover, the muscle stiffness of the affected leg was much 
higher than that of the contralateral leg after a stroke, suggesting a difference in the passive 
mechanical properties of the muscles of the spastic limb compared with the normal limb 
(Svantesson et al., 2000). 

2. Methods for measuring muscle tone, elasticity, and stiffness 

In recent decades, new methods, such as botulinum toxin, have been increasingly used to 
treat spasticity due to stroke (Shaw et al., 2011). Thus, the need for a quantitative 
measurement of muscle tone in the clinical setting has been highlighted. The development 
of an adequate tool that is reliable, valid, and responsive to measure the progression of 
muscle properties and success of treatments becomes urgent (Haas & Crow, 1995). 

2.1 Common clinical measure of muscle tone 

The Ashworth Scale (AS) and the Modified Ashworth Scale (MAS) are the most common 
clinical measures of muscle tone, rating the resistance perceived to passive stretch of the 
muscle with a 5- or 6-point ordinal scale, respectively (Ashworth, 1964; Bohannon & Smith, 
1987; Pandyan et al., 1999). Although they are useful in the clinic, these two measures have 
been criticized for: 

 not standardizing stretch velocity in manual testing (de Vlugt et al., 2010), 

 not quantifying resistance in absolute units (Pandyan et al., 1999), 

 not providing an assessment of activated muscle tone (Sommerfeld et al., 2004), 



 
Myotonometric Measurement of Muscular Properties of Hemiparetic Arms in Stroke Patients 

 

39 

 subjectively grading and clustering of scores (Katz & Rymer, 1989; Pandyan et al., 1999), 

 only being applicable for the extremities (Leonard et al., 2001),  

 lacking sensitivity for detecting smaller degrees of changes in spasticity (Lance, 1980), 

 poor discrimination between increased muscle tone and soft-tissue stiffness (de Vlugt et 
al., 2010; Sheean & McGuire, 2009), and 

 lacking correlation with functional changes after treatment (Ward, 2000). 

The reliability and validity of both scales have also been questioned (Aarrestad et al., 2004; 
Katz & Rymer, 1989; Leonard et al., 2003; Pandyan et al., 1999; Pomeroy et al., 2000). 

The AS has only been validated for measuring spasticity around the elbow after stroke (Lee 
et al., 1989). The MAS is reliable for measuring muscle tone in certain muscle groups, such 
as the elbow, wrist, and knee flexors, in stroke patients (Gregson et al., 2000). These critiques 
and limitations reaffirm the need for identifying suitable clinical tools that reliably and 
accurately assess the biomechanical properties of muscle, including tone, elasticity, and 
stiffness (Pandyan et al., 1999). 

2.2 Laboratory measure of mechanical properties of muscle 

The mechanical properties of muscle are generally assessed in laboratories with expensive 
and heavy equipment, such as isokinetic and ultrasound machines (Ditroilo et al., 2011). 
Ultrasonography is limited to superficial structures and does not assess specific muscle 
mechanical properties (Nordez et al., 2008). 

2.3 A new novel instrument for measuring muscle tone, elasticity, and stiffness 
simultaneously 

For clinical applications, mechanical properties, such as muscle elasticity and stiffness, may 
not be accurately estimated by the clinical scales. A novel hand-held myotonometer, the 
Myoton myometer (Müomeetria AS, Tallinn, Estonia) device, provides painless and 
noninvasive means to obtain quantitative and objective assessments of mechanical 
properties of muscles (Gapeyeva & Vain, 2008; Roja et al., 2006). The Myoton myometer was 
primarily developed for testing the superficial skeletal muscles (Gapeyeva & Vain, 2008). 
The principal differences between myotonometry and traditional measures of muscle tone 
are that the former measures the tone, elasticity, and stiffness simultaneously and 
quantitatively (Gapeyeva & Vain, 2008), is not affected by tester strength (Leonard et al., 
2003), and is more sensitive to detect small changes (Aarrestad et al., 2004; Leonard et al., 
2001). The myotonometer has the additional advantages of an appropriate size for being 
portable, relatively inexpensive and convenient to use, and relatively easy to administer 
over a wide range of postural or extremity musculature (Aarrestad et al., 2004; Ditroilo et al., 
2011; Gapeyeva & Vain, 2008; Gubler-Hanna et al., 2007; Ianieri et al., 2009). 

Muscle properties can be measured with the myotonometer without the muscle being 
moved, which might be helpful with patients who have limited range of motion or pain 
with movement (Leonard et al., 2003). Its application leads to a more objective assessment of 
numeric parameters of muscle tone, elasticity, and stiffness within minutes (Aarrestad et al., 
2004). Therefore, the myotonometer appears to be clinically applicable without 
compromising the precision related to more complex laboratory methods and ensures a 
better pathophysiologic vision of all three muscle properties. 
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From discerning muscular properties using myotonometric measurements, clinicians would 
be able to have a better understanding of the pathologic processes of muscle functions in 
individuals with spastic muscle secondary to stroke, design a specific rehabilitation program 
for each patient, make appropriate clinical decision, plan a more targeted and customized 
treatment specifically for each patient with abnormal muscle properties, and assess the 
efficacy of specific therapeutic treatment (Pandyan et al., 1999; Wade, 1992). This chapter 
will illustrate the metric properties of myotonometric measurement based on previous 
studies and our recent research in stroke rehabilitation. 

3. Metric properties of the myotonometric measurements: Reliability and 
validity  

Metric properties of the myotonometric measurements, such as reliability, validity, and 
responsiveness are the prerequisites of a useful measurement. From literature review, 
previous studies focused on examining reliability and validity of myotonometric 
measurement. The results of previous reliability studies have indicated that myotonometry 
is highly reliable for measuring skeletal muscle viscoelastic parameters in healthy 
individuals (Bizzini & Mannion, 2003; Ditroilo et al., 2011; Gavronski et al., 2007; Leonard et 
al., 2004; Leonard et al., 2003; Viir et al., 2006), children with cerebral palsy (Aarrestad et al., 
2004; Lidstrom et al., 2009), and patients with Parkinson’s disease (Marusiak et al., 2010; 
Ratsep & Asser, 2011). There is no study investigating the reliability of the myotonometer in 
stroke patients, which may limit the interpretation of the change for myotonometric 
measurements. 

The construct validity of the myotonometer has been established in healthy individuals 

(Gubler-Hanna et al., 2007), patients with upper motor neuronal disorders (Leonard et al., 

2001), and stroke survivors (Rydahl & Brouwer, 2004). Studies have shown that muscle 

stiffness increased with increasing contractile force and muscle activation, indicating that 

muscle stiffness during contracted conditions provides an indirect measure of muscle strength 

(Aarrestad et al., 2004; Bizzini & Mannion, 2003; Gubler-Hanna et al., 2007; Leonard et al., 2001; 

Rydahl & Brouwer, 2004). Moreover, Katz and Rymer (1989) demonstrated that extending a 

limb against passive resistance may be more related to the viscoelastic properties of the soft 

tissues than to spasticity, indicating that biomechanical measures correlate most closely with 

motor function. These findings provide the theoretic basis for use of muscle strength and 

motor function measures to further validate myotonometric measures. 

4. Metric properties of the myotonometric measurements: Reliability, validity, 
and responsiveness of the Myoton-3 myometer in patients with stroke 

Previous metric studies of myotonometry have not yet reported the responsiveness. The 

responsiveness of the instrument is its ability to detect change over time, which is an 

important quality to detect small changes in muscle properties and assess the effectiveness 

of specific treatment. Additionally, previous reliability and validity studies applied the 

myotonometer on large muscles of the trunk and extremities. Wrist and finger control is the 

motor function most likely to be impaired after stroke. Proper function of the muscles 

involved in hand movements is crucial to manual exploration and manipulation of the 

environment.  
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Our recent study (Chuang et al., 2012) addressed the test-retest reliability, validity, and 
responsiveness of the Myoton-3 myometer used for assessing tone, elasticity, and stiffness of 
the affected forearm muscles under a relaxed state in stroke rehabilitation. The Myoton-3 
myometer represents a new technology to quantify mechanical properties of resting and 
contractiling muscles. To the best of our knowledge, this was the first report to show the 
metric soundness of the Myoton-3 myometer for assessing muscle tone, elasticity, and 
stiffness of the extensor digitorum, flexor carpi radialis, and flexor carpi ulnaris muscles in 
patients with stroke. Information reported in this study that is relevant to purposes of this 
book chapter is summarized below. 

4.1 Study sample 

We recruited 67 patients (40 men and 27 women) who were a mean age of 54.67 (SD, 10.90) 

years. The mean time since the stroke onset was 21.12 (SD, 13.63) months, and 31 patients had 

left hemiplegia. All participants had sustained a first-ever stroke, Brunnstrom stage III to V for 

the proximal and distal upper extremity (UE) (Brunnstrom, 1970), MAS ≤ 2 in any joint of the 

UE (Bohannon & Smith, 1987), no cognitive impairment (Mini-Mental State Examination score 

≥ 24) (Folstein et al., 1975), not participated in any experimental rehabilitation or drug studies, 

and not used anti-spasticity drugs for the UE musculature (e.g., botulinum toxin type A) 

during the study period. Institutional Review Board approval was obtained from the study 

sites, and written informed consent was obtained from each patient before inclusion. 

4.2 Instrument 

The functional state of the participants’ skeletal muscles was assessed by using 
myotonometric measurements with the Myoton-3 myometer, created at the University of 
Tartu in Estonia (Vain, 1995). 

The Myoton-3 myometer has a two-armed lever. On the long lever is the testing end and on 
the short lever is the core of the electromagnet. The essence of the method lies in giving the 
muscle a short mechanical impulse to evoke decaying oscillations of the muscle because of 
the elastic behavior of the muscle. The working principles of the Myoton-3 myometer were 
as follows: the testing end of the Myoton-3 was placed perpendicular to the skin surface 
above the muscle to be measured and a brief mechanical impulse was applied, shortly 
followed by a quick release to the muscle through an acceleration probe. The characteristics 
of the muscle deformation and also the damped oscillations of the muscle evoked after the 
quick release of the testing end were recorded by the acceleration transducer at the testing 
end of the device. At the moment the Myoton-3 myometer pickup has created the maximum 
compression of the tested muscle, the corresponding acceleration amax characterizes the 
resistance force of the muscle for the deformation depth Δ l (Figure 1).  

The parameters of the graph characterize the functional state of the muscle. Displacement (s) 
is the difference in the initial position of the tested muscle and its final position. The 
relationships between position, velocity, and acceleration form an important application of 
the definite derivative. The velocity is defined by the derivative of position at a given time; 
whereas the acceleration is defined by the derivative of velocity at a given time. The average 
velocity of the muscle is the total displacement during an extended period of time, divided 
by that period of time. Average acceleration is the total change in velocity over an extended 
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period of time, divided by the duration of that period. In Figure 1, time moment 1 (t1) denotes 
the beginning of the mechanical impulse to the muscle. The maximum of the deformation 
speed is obtained at time moment 3 (t3) and from that moment the muscle deformation speed 
decreases and at time moment 4 (t4) the acceleration transducer of the device has reached the 
maximum depth of its trajectory inward the muscle. At time moment 5 (t5) the forces of muscle 
elasticity have given to the transducer its maximum speed upwards. At time moment 6 (t6) this 
speed has decreased to zero under the influence of gravity. The above-described process 
repeats itself until the oscillation has decayed completely. 

 

Fig. 1. An oscillation graph of the muscle shows the acceleration (a), velocity (v), and 
displacement (s) of the muscle produced in the process of damped natural oscillation 
measured by the Myoton-3 myometer. 

The parameters measured by the myotonometer are oscillation frequency, decrement, and 
stiffness. The acceleration value of the first period of oscillations characterizes the 
deformation of the muscle, and the value of the next oscillation period provides the basis for 
calculating the oscillation frequency (Hz). The oscillation frequency is usually 11 to 16 Hz in 
relaxation and 18 to 40 Hz in contraction, depending on the muscle (Gapeyeva & Vain, 
2008). The frequency of the damped oscillations characterizes the muscle tone, the 
mechanical tension in a relaxed muscle. The higher the value, the more tense is the muscle. 
The frequency of the damping was calculated as: 

Frequency (Hz) = 1 / T 

where T is the oscillation period in seconds (Figure 1). 
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The logarithmic decrement of the damping oscillations characterizes muscle elasticity, 
which is the ability of the muscle to restore its initial shape after contraction. Elasticity is 
inversely proportional to the decrement. If the decrement of trained muscles decreases, the 
muscle elasticity increases. The decrement values are usually 1.0 to 1.2, depending on the 
muscle. The logarithmic decrement of damping was calculated as: 

Decrement = ln (amax / a)       

where amax is the maximal amplitude of oscillation and a is the oscillation amplitude (Figure 1). 

Stiffness (N/m) reflects the resistance of the muscle to the force deforming the muscle (Roja 
et al., 2006). The usual range of stiffness values is 150 to 300 N/m for resting muscle and 
may exceed 1000 N/m for contracted muscles (Gapeyeva & Vain, 2008). Stiffness was 
calculated as a ratio between the force applied and the muscle deformation: 

Stiffness (N/m) = f / Δ l = m × amax / Δ l      

where f is the force applied, m is the mass of the testing end (kg), amax is the maximal 
acceleration of oscillation (meter/second2), and Δ l is the deformation depth of the muscle 
(meter) (Figure 1). 

4.3 Procedures 

Myotonometric testing of the affected extensor digitorum, the flexor carpi radialis, and the 
flexor carpi ulnaris in relaxed state was conducted before and after treatments. All 
participants received a 1.5-hour therapy session 5 times per week for 4 weeks. A senior 
occupational therapist administered the outcome measures at baseline and after the 4-week 
treatment. Before measurement, participants were informed about standard measurement 
procedure with their elbow flexion 30° to 45°, the palm downward for the affected extensor 
digitorum measurement and palm upward for measurements of the affected flexor carpi 
radialis and ulnaris muscles (Figure 2) (Gapeyeva & Vain, 2008). The investigator applied 
resistance to the tested muscles and requested participants to make an effort to resist. At the 
same time, the investigator established the location of the tested muscles by the visual-
palpatory test. Participants were instructed to lie supine and relax the muscles maximally. 
Three trials were recorded with a 1-second interval, and the average value was used for 
analysis. To investigate test-retest reliability, 58 of the 67 individuals were tested twice on 
the affected side with the same procedure, 30 minutes apart, at baseline. 

 

   
(A) (B) (C) 

Fig. 2. The standard measurement location of the measured muscles: (A) extensor 
digitorum, (B) flexor carpi radialis, and (C) flexor carpi ulnaris 



 
Rehabilitation Medicine 

 

44

4.4 Criterion measures 

The Myoton-3 measures, as well as criterion measures for hand strength, including grip 
strength, lateral pinch power, and palmar pinch power, the Action Research Arm Test 
(ARAT), and Brunnstrom stage were performed before and after treatments. 

4.5 Data analysis 

Statistical analyses were performed with SPSS version 16.0 software (SPSS Inc, Chicago, IL 
USA) and values of P< 0.05 were considered statistically significant. The analysis of variance 
(ANOVA) was used to compare the baseline and posttreatment characteristics of the 3 
affected muscles. The Bonferroni method was used for post hoc pairwise comparisons. 

Test-retest reliability of the Myoton-3 was determined by using the intraclass correlation 
coefficient (ICC) with 95% confidence intervals (CIs); an ICC value exceeding 0.80 indicated 
high reliability (Weir, 2005). 

Concurrent validity of the Myoton-3 was determined using the Pearson correlation (r) test to 
establish relationships with hand strength and the Spearman rho (ρ) test to calculate the 
degree of correlations with the ARAT and Brunnstrom stage, respectively. The strength of 
correlations was interpreted as low (0.00-0.25), fair (0.25-0.50), moderate to good (0.50-0.75), 
and good to excellent (>0.75) (Portney, 2009). 

The standardized response mean (SRM) was used as the index of the responsiveness of the 
Myoton-3 according to changes of the affected and unaffected limbs from pretreatment to 
postest. The SRM was estimated as the ratio of the mean change scores to the standard 
deviation of the change scores from patients whose myotonometric measures improved 
over time (i.e., the change score from pretreatment to posttreatment was negative in muscle 
properties), and the values were categorized as large (>0.8), moderate (0.5-0.8), and small 
(0.2-0.5) (Cohen, 1988).  

4.6 Results 

4.6.1 Comparison of the muscular properties of the extensor digitorum, flexor carpi 
radialis, and flexor carpi ulnaris at pretreatment and posttreatment 

Table 1 summarizes the mean (SD) of the myotonometric measurements for muscle tone, 
elasticity, and stiffness of the extensor digitorum, flexor carpi radialis, and flexor carpi 
ulnaris muscles at pretreatment and posttreatment.  

 Muscular 
properties 

Extensor 
digitorum 

Flexor carpi 
radialis 

Flexor carpi 
ulnaris 

Pretreatment 
Mean (SD) 

Tone (Hz) 17.60 (2.82) 14.78 (3.01) 13.45 (2.80) 

Elasticity 1.89 (0.27) 1.31 (0.31) 1.35 (0.33) 

Stiffness (N/m) 354.90 (62.16) 297.85 (65.47) 272.85 (57.72) 

Posttreatment
Mean (SD) 

Tone (Hz) 17.03 (2.64) 15.03 (3.19) 13.39 (2.40) 

Elasticity 1.84 (0.34) 1.31 (0.40) 1.40 (0.34) 

Stiffness (N/m) 341.24 (51.02) 309.26 (74.09) 268.94 (55.05) 

Table 1. Mean and standard deviation of the myotonometric measurements for muscular 
properties of the 3 affected forearm muscles  
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Results of the ANOVA showed a significant difference in muscle tone, elasticity, and 
stiffness among the 3 affected muscles before and after treatment (P < 0.0001). Post hoc 
analyses revealed that muscle tone and stiffness of the extensor digitorum were significantly 
higher than those of the flexor carpi radialis and flexor carpi ulnaris at both pretreatment 
and posttreatment (pretreatment tone and stiffness: P < 0.0001, posttreatment tone: P < 
0.0001, posttreatment stiffness: P = 0.008, P < 0.0001, resepctively). Muscle tone of the flexor 
carpi radialis was significantly higher than that of flexor carpi ulnaris at pretreatment and 
posttreatment (P = 0.025, 0.002, respectively). Muscle stiffness of the flexor carpi radialis was 
significantly higher than that of flexor carpi ulnaris at posttreatment (P = 0.001). Muscle 
elasticity of the extensor digitorum was significantly lower than the elasticity of flexor carpi 
radialis and flexor carpi ulnaris at both pretreatment and posttreatment (P< 0.0001, P< 
0.0001, respectively). In general, the extensor digitorum showed higher tone and stiffness 
with lower elasticity compared to the flexor carpi radialis and ulnaris muscles. 

4.6.2 Reliability of the Myoton-3 myometer in patients with stroke 

The test-retest reliability was performed on a subset of 58 participants who underwent two 
pretreatment measurements. The Myoton-3 myometer showed high to very high test-retest 
reliability for muscle properties in affected extensor digitorum, flexor carpi radialis, and 
flexor carpi ulnaris (ICC, 0.86-0.96). 

Our study indicated that the Myoton-3 is a highly reliable measurement tool with high test-
retest reliability under relaxed conditions in measurements of affected forearm muscles of 
stroke patients. These findings are similar to those reported of the myotonometer for 
different muscles and study populations. The reliability of the myotonometer was high in 
the biceps brachii, rectus femoris, biceps femoris, and gastrocnemius in healthy individuals 
(Bizzini & Mannion, 2003; Ditroilo et al., 2011; Leonard et al., 2003; Marusiak et al., 2010); the 
biceps brachii in patients with Parkinson’s disease (Marusiak et al., 2010); and in the brachii, 
gastrocnemius, and rectus femoris in children with cerebral palsy (Aarrestad et al., 2004; 
Lidstrom et al., 2009). In general, the Myoton-3 myometer is reliable for measurements in 
healthy individuals as well as for various patient populations. 

4.6.3 Validity of the Myoton-3 myometer in patients with stroke 

Significant correlations existed between the tone and stiffness of the 3 muscles and palmar 
pinch strength, between those of the flexor carpi radialis & ulnaris muscles and lateral 
pinch strength, and between those of the flexor carpi radialis and the ARAT at 
posttreatment. The posttreatment elasticity of the two flexor carpi muscles was 
significantly correlated with grip strength. The pretreatment elasticity of the flexor carpi 
ulnaris was significantly correlated with posttreatment grip strength, and the 
pretreatment muscle tone and stiffness of the flexor carpi radialis were significantly 
correlated with palmar pinch strength and ARAT. There was no significant correlations 
existed between the Brunnstrom stage and muscle properties of the 3 muscles at 
pretreatment. Posttreatment extensor digitorum tone and flexor carpi radialis stiffness 
were significantly correlated with the Brunnstrom stage. 

The results of the concurrent validity showed partly significant associations between 

forearm muscle properties and hand strength and UE motor function, especially at 
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posttreatment, which indicates that they might measure similar constructs. Our present 

findings were compatible with those from a previous study reporting a correlation between 

muscle stiffness and muscle strength of the quadriceps (Bizzini & Mannion, 2003). In this 

study, the elasticity of the two wrist flexors tended to increase with greater grip strength at 

posttreatment. At posttreatment, the elasticity of the extensor digitorum and muscle tone 

and stiffness of the two wrist flexors tended to increase with greater lateral pinch strength. 

The muscle tone and stiffness of the extensor digitorum and the two wrist flexors appeared 

to increase with greater palmar pinch strength. The pretreatment and posttreatment muscle 

tone and stiffness of the flexor carpi radialis were correlated to palmar pinch strength and 

ARAT. 

4.6.4 Responsiveness of the Myoton-3 myometer in patients with stroke receiving 
rehabilitation 

The responsiveness of the extensor digitorum was higher than those of the flexor carpi 

radialis and ulnaris, with moderate to high for the affected extensor digitorum and small to 

moderate for the affected flexor carpi radialis and ulnaris. The responsiveness of the muscle 

tone and elasticity was moderate for the affected extensor digitorum and small for the 

affected flexor carpi radialis and ulnaris (tone: –0.57 vs –0.39 vs –0.35; elasticity: –0.75 vs –

0.44 vs –0.31). The responsiveness of the elasticity of the affected extensor digitorum was 

significantly higher than that of the affected flexor carpi ulnaris (difference in SRM, 0.44; 

95% CI, –0.78 to –0.11). The responsiveness of muscle stiffness was high for the affected 

extensor digitorum (–0.83) and moderate for the affected flexor carpi radialis (–0.71) and 

ulnaris (–0.77).  

The responsiveness of the Myoton-3 is an important outcome measure and may serve as the 

foundation for therapy guidance and evaluation. The responsiveness to change of 

myotonometric measurements can be calculated through numeric data, provide a basis for 

estimates of whether the changes of muscle parameters over time are in the desired 

direction, and thus permit rehabilitation therapies to be adjusted accordingly. Our SRM 

calculations showed the affected extensor digitorum appears to be more responsive than the 

affected flexor carpi radialis and ulnaris in muscle tone, elasticity, and stiffness, and 

especially elasticity (–0.75 vs –0.44 vs –0.31). This result may arise from an emphasis on 

activation of wrist and finger extensor muscles elicited by the rehabilitation program the 

patients received. Thus, the extensor digitorum was much facilitated after treatments, and 

the flexor carpi muscles were not as sensitive as the extensor digitorum. Given that the 

ability to sustain finger extension is necessary in most functional hand activities; active 

finger extension is an important prognostic determinant and an early valid indicator of 

favorable UE function after stroke (Fritz et al., 2005; Nijland et al., 2010). Stroke patients with 

early finger extension after onset had a 98% probability of regaining some dexterity and a 

60% probability of achieving full functional recovery of the hemiplegic arm at 6 months after 

stroke (Nijland et al., 2010). 

4.6.5 Future directions 

 Different treatment effects across treatment groups could adversely affect variability. 
Future studies with a larger sample size may analyze changes after specific treatment. 
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 Resting muscle tone during the relaxed condition does not fully quantify spasticity, 
which is characterized by a velocity-dependent and should be adequately performed 
under a dynamic state. Further studies may compare biomechanical properties of the 
resting muscles with the contracted muscle. 

 With a sufficient sample size, a comparison of change in the myotonometric measures 
between patients who improved and those who did not should be analyzed separately. 

 Further substantiation and generalization of these findings in larger and more diverse 
samples are warranted to determine clinical value of the Myoton-3. 

5. Conclusion 

The Myoton-3 myometer measures mechanical properties of the skeletal muscle, which may 
provide new insights into muscle functions to diagnose and treat muscle pathophysiology. 
In clinical practice and research settings, performance documented by the Myoton-3 
myometer might be a useful indicator of muscle changes. This overview showed that the 
Myoton-3 myometer could be applied as a reliable, valid, and responsive device for 
objectively quantifying muscle tone, elasticity, and stiffness of resting forearm muscles in 
patients with stroke. These findings support the use of myotonometric measurement in 
stroke rehabilitation and further clinical trials. 

6. Acknowledgements 

This project was supported in part by the National Science Council (NSC 97-2314-B-002-008-

MY3 and NSC 99-2314-B-182-014-MY3), and the National Health Research Institutes (NHRI-

EX100-10010PI and NHRI-EX100-9920PI) in Taiwan. 

7. References 

Aarrestad, D. D., Williams, M. D., Fehrer, S. C., Mikhailenok, E., & Leonard, C. T. (2004). 
Intra- and interrater reliabilities of the Myotonometer when assessing the spastic 
condition of children with cerebral palsy. Journal of Child Neurology, Vol.19, No.11, 
(Nov 2004), pp.894-901, ISSN 0883-0738 

Alhusaini, A. A., Crosbie, J., Shepherd, R. B., Dean, C. M., & Scheinberg, A. (2010). 
Mechanical properties of the plantarflexor musculotendinous unit during passive 
dorsiflexion in children with cerebral palsy compared with typically developing 
children. Developmental Medicine and Child Neurology, Vol.52, No.6, (Jun 2010), 
pp.e101-106, ISSN 1469-8749 (Electronic) 0012-1622 (Linking) 

Ashworth, B. (1964). Preliminary trial of carisoprodol in multiple sclerosis. The Practitioner, 
Vol.192, (Apr 1964), pp.540-542, ISSN 0032-6518 

Bizzini, M., & Mannion, A. F. (2003). Reliability of a new, hand-held device for assessing 
skeletal muscle stiffness. Clinical Biomechanics Vol.18, No.5, (Jun 2003), pp.459-461, 
ISSN 0268-0033 

Bohannon, R. W., & Smith, M. B. (1987). Interrater reliability of a modified Ashworth scale of 
muscle spasticity. Physical Therapy, Vol.67, No.2, (Feb 1987), pp.206-207, ISSN 0031-
9023 

Brunnstrom, S. (1970). Movement Therapy in Hemiplegia. Harper & Row, ISBN 0-397-54808-7, 
New York 



 
Rehabilitation Medicine 

 

48

Chuang, L. L., Wu, C. Y., & Lin, K. C. (2012). Reliability, validity, and responsiveness of 
myotonometric measurement of muscle tone, elasticity, and stiffness in patients 
with stroke. Archives of Physical Medicine and Rehabilitation, Vol.93, No.3, (Mar 2012), 
pp.532-540, ISSN 0003-9993 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence 
Erlbaum Associates, ISBN 0-8058-0283-5, Hillsdale, NJ 

de Vlugt, E., de Groot, J. H., Schenkeveld, K. E., Arendzen, J. H., van der Helm, F. C., & 
Meskers, C. G. (2010). The relation between neuromechanical parameters and 
Ashworth score in stroke patients. Journal of Neuroengineering and Rehabilitation, 
Vol.7, (Jul 2010), pp.35, ISSN 1743-0003 

Dietz, V., Quintern, J., & Berger, W. (1981). Electrophysiological studies of gait in spasticity 
and rigidity. Evidence that altered mechanical properties of muscle contribute to 
hypertonia. Brain, Vol.104, No.3, (Sep 1981), pp.431-449, ISSN 0006-8950 

Ditroilo, M., Hunter, A. M., Haslam, S., & De Vito, G. (2011). The effectiveness of two novel 
techniques in establishing the mechanical and contractile responses of biceps 
femoris. Physiological Measurement, Vol.32, No.8, (Aug 2011), pp.1315-1326, ISSN 
1361-6579 (Electronic) 0967-3334 (Linking) 

Fess, E. E., & Moran, C. A. (1981). Clinical assessment recommendations. American Society of 
Hand Therapists, Indianapolis. 

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). "Mini-mental state". A practical 
method for grading the cognitive state of patients for the clinician. Journal of 
Psychiatric Research, Vol.12, No.3, (Nov 1975), pp.189-198, ISSN 0022-3956 

Fritz, S. L., Light, K. E., Patterson, T. S., Behrman, A. L., & Davis, S. B. (2005). Active finger 
extension predicts outcomes after constraint-induced movement therapy for 
individuals with hemiparesis after stroke. Stroke, Vol.36, No.6, (Jun 2005), pp.1172-
1177, ISSN 1524-4628 (Electronic) 0039-2499 (Linking) 

Gapeyeva, H., & Vain, A. (2008). Methodical guide: Principles of applying Myoton in physical 
medicine and rehabilitation. Muomeetria Ltd, Tartu, Estonia 

Gavronski, G., Veraksits, A., Vasar, E., & Maaroos, J. (2007). Evaluation of viscoelastic 
parameters of the skeletal muscles in junior triathletes. Physiological Measurement, 
Vol.28, No.6, (Jun 2007), pp.625-637, ISSN 0967-3334 

Gregson, J. M., Leathley, M. J., Moore, A. P., Smith, T. L., Sharma, A. K., & Watkins, C. L. 
(2000). Reliability of measurements of muscle tone and muscle power in stroke 
patients. Age and Ageing, Vol.29, No.3, (May 2000), pp.223-228, ISSN 0002-0729 

Gubler-Hanna, C., Laskin, J., Marx, B. J., & Leonard, C. T. (2007). Construct validity of 
myotonometric measurements of muscle compliance as a measure of strength. 
Physiological Measurement, Vol.28, No.8, (Aug 2007), pp.913-924, ISSN 0967-3334 

Haas, B. M., & Crow, J. L. (1995). Towards a clinical measurement of spasticity? 
Physiotherapy, Vol.81, No.8, (Aug 1995), pp.474-479, ISSN 0031-9406 

Hafer-Macko, C. E., Ryan, A. S., Ivey, F. M., & Macko, R. F. (2008). Skeletal muscle changes 
after hemiparetic stroke and potential beneficial effects of exercise intervention 
strategies. Journal of Rehabilitation Research & Development, Vol.45, No.2 (Feb 2008), 
pp.261-272, ISSN 1938-1352 (Electronic) 0748-7711 (Linking) 

Haidar, S. G., Kumar, D., Bassi, R. S., & Deshmukh, S. C. (2004). Average versus maximum 
grip strength: which is more consistent? The Journal of Hand Surgery, Vol.29, No.1, 
(Feb 2004), pp.82-84, ISSN 0266-7681 



 
Myotonometric Measurement of Muscular Properties of Hemiparetic Arms in Stroke Patients 

 

49 

Hoang, P. D., Herbert, R. D., & Gandevia, S. C. (2007). Effects of eccentric exercise on passive 
mechanical properties of human gastrocnemius in vivo. Medicine and Science in 
Sports and Exercise, Vol.39, No.5, (May 2007), pp.849-857, ISSN 0195-9131 

Hsieh, Y. W., Wu, C. Y., Lin, K. C., Chang, Y. F., Chen, C. L., & Liu, J. S. (2009). 
Responsiveness and validity of three outcome measures of motor function after 
stroke rehabilitation. Stroke, Vol.40, No.4, (Apr 2009), pp.1386-1391, ISSN 1524-4628 

Huang, S. Y., Di Santo, M., Wadden, K. P., Cappa, D. F., Alkanani, T., & Behm, D. G. (2010). 
Short-duration massage at the hamstrings musculotendinous junction induces 
greater range of motion. Journal of Strength and Conditioning Research, Vol.24, No.7, 
(Jul 2010), pp.1917-1924, ISSN 1533-4287 (Electronic) 1064-8011 (Linking). 

Ianieri, G., Saggini, R., Marvulli, R., Tondi, G., Aprile, A., Ranieri, M., Benedetto, G., Altini, 
S., Lancioni, G. E., Goffredo, L., Bellomo, R. G., Megna, M., & Megna, G. (2009). 
New approach in the assessment of the tone, elasticity and the muscular resistance: 
nominal scales vs MYOTON. International Journal of Immunopathology and 
Pharmacology, Vol.22, No.3 Suppl, (Jul-Sep 2009), pp.21-24, ISSN 0394-6320 

Katz, R. T., & Rymer, W. Z. (1989). Spastic hypertonia: mechanisms and measurement. 
Archives of Physical Medicine and Rehabilitation, Vol.70, No.2, (Feb 1989), pp.144-155, 
ISSN 0003-9993 

Lance, J. W. (1980). Spasticity: Disordered motor control. Year Book Publishers, Chicago, IL. 
Lee, K. C., Carson, L., Kinnin, E., & Patterson, V. (1989). The Ashworth Scale: A reliable and 

reproducible method of measuring spasticity. Neurorehabilitation and Neural Repair, 
Vol.3, No.4, (Dec 1989), pp.205-209. 

Leonard, C. T., Brown, J. S., Price, T. R., Queen, S. A., & Mikhailenok, E. L. (2004). 
Comparison of surface electromyography and myotonometric measurements 
during voluntary isometric contractions. Journal of Electromyography and Kinesiology, 
Vol.14, No.6, (Dec 2004), pp.709-714, ISSN 1050-6411 

Leonard, C. T., Deshner, W. P., Romo, J. W., Suoja, E. S., Fehrer, S. C., & Mikhailenok, E. L. 
(2003). Myotonometer intra- and interrater reliabilities. Archives of Physical Medicine 
and Rehabilitation, Vol.84, No.6, (Jun 2003), pp.928-932, ISSN 0003-9993 

Leonard, C. T., Stephens, J. U., & Stroppel, S. L. (2001). Assessing the spastic condition of 
individuals with upper motoneuron involvement: validity of the myotonometer. 
Archives of Physical Medicine and Rehabilitation, Vol.82, No.10, (Oct 2001), pp.1416-
1420, ISSN 0003-9993 

Lidstrom, A., Ahlsten, G., Hirchfeld, H., & Norrlin, S. (2009). Intrarater and interrater 
reliability of Myotonometer measurements of muscle tone in children. Journal of 
Child Neurology, Vol.24, No.3, (Mar 2009), pp.267-274, ISSN 1708-8283 (Electronic) 
0883-0738 (Linking) 

Lin, K. C., Chuang, L. L., Wu, C. Y., Hsieh, Y. W., & Chang, W. Y. (2010). Responsiveness 
and validity of three dexterous function measures in stroke rehabilitation. Journal of 
Rehabilitation Research & Development, Vol.47, No.6, (Sep 2010), pp.563-571, ISSN 
1938-1352 (Electronic) 0748-7711 (Linking). 

Lyle, R. C. (1981). A performance test for assessment of upper limb function in physical 
rehabilitation treatment and research. International Journal of Rehabilitation Research, 
Vol.4, No.4, (Dec 1981), pp.483-492. 



 
Rehabilitation Medicine 

 

50

Magnusson, S. P. (1998). Passive properties of human skeletal muscle during stretch 
maneuvers. A review. Scandinavian Journal of Medicine & Science in Sports, Vol.8, 
No.2, (Apr 1998), pp.65-77, ISSN 0905-7188 

Marusiak, J., Kisiel-Sajewicz, K., Jaskolska, A., & Jaskolski, A. (2010). Higher muscle passive 
stiffness in Parkinson's disease patients than in controls measured by 
myotonometry. Archives of Physical Medicine and Rehabilitation, Vol.91, No.5, (May 
2010), pp.800-802, ISSN 1532-821X (Electronic) 0003-9993 (Linking) 

Masi, A. T., & Hannon, J. C. (2008). Human resting muscle tone (HRMT): narrative 
introduction and modern concepts. Journal of Bodywork and Movement Therapies, 
Vol.12, No.4, (Oct 2008), pp.320-332, ISSN 1532-9283 (Electronic) 1360-8592 
(Linking) 

Mathiowetz, V., Kashman, N., Volland, G., Weber, K., Dowe, M., & Rogers, S. (1985). Grip 
and pinch strength: normative data for adults. Archives of Physical Medicine and 
Rehabilitation, Vol.66, No.2, (Feb 1985), pp.69-74, ISSN 0003-9993 

Mathiowetz, V., Weber, K., Volland, G., & Kashman, N. (1984). Reliability and validity of 
grip and pinch strength evaluations. The Journal of Hand Surgery, Vol.9, No.2, (Mar 
1984), pp.222-226, ISSN 0363-5023 

Nijland, R. H., van Wegen, E. E., Harmeling-van der Wel, B. C., & Kwakkel, G. (2010). 
Presence of finger extension and shoulder abduction within 72 hours after stroke 
predicts functional recovery: early prediction of functional outcome after stroke: 
the EPOS cohort study. Stroke, Vol.41, No.4, (Apr 2010), pp.745-750, ISSN 1524-4628 
(Electronic) 0039-2499 (Linking) 

Nordez, A., Gennisson, J. L., Casari, P., Catheline, S., & Cornu, C. (2008). Characterization of 
muscle belly elastic properties during passive stretching using transient 
elastography. Journal of Biomechanics, Vol.41, No.10, (Jul 2008), pp.2305-2311, ISSN 
0021-9290 

O'Dwyer, N. J., Ada, L., & Neilson, P. D. (1996). Spasticity and muscle contracture following 
stroke. Brain, Vol, 119, No.5, pp.1737-1749, ISSN 1460-2156  

Pandyan, A. D., Johnson, G. R., Price, C. I., Curless, R. H., Barnes, M. P., & Rodgers, H. 
(1999). A review of the properties and limitations of the Ashworth and modified 
Ashworth Scales as measures of spasticity. Clinical Rehabilitation, Vol.13, No.5, (Oct 
1999), pp.373-383, ISSN 0269-2155 

Panjabi, M. M. (1992). The stabilizing system of the spine. Part I. Function, dysfunction, 
adaptation, and enhancement. Journal of Spinal Disorders, Vol.5, No.4, (Dec 1992), 
pp.383-389; discussion 397, ISSN 0895-0385 

Platz, T., Pinkowski, C., van Wijck, F., Kim, I. H., di Bella, P., & Johnson, G. (2005). 
Reliability and validity of arm function assessment with standardized guidelines 
for the Fugl-Meyer Test, Action Research Arm Test and Box and Block Test: a 
multicentre study. Clinical Rehabilitation, Vol.19, No.4, (Jun 2005), pp.404-411, ISSN 
1477-0873 

Pomeroy, V. M., Dean, D., Sykes, L., Faragher, E. B., Yates, M., Tyrrell, P. J., Moss, S., & 
Tallis, R. C. (2000). The unreliability of clinical measures of muscle tone: 
implications for stroke therapy. Age and Ageing, Vol.29, No.3, (May 2000), pp.229-
233. 

Portney, L. G., & Watkins, M. P. (2009). Foundations of clinical research: Applications to practice 
(3rd ed.). Pearson/Prentice Hall, Upper Saddle River, ISBN 0131716409, NJ. 



 
Myotonometric Measurement of Muscular Properties of Hemiparetic Arms in Stroke Patients 

 

51 

Pynsent, P. B. (2001). Choosing an outcome measure. The Journal of Bone and Joint Surgery. 
British Volume, Vol.83, No.6, (Aug 2001), pp.792-794, ISSN 0301-620X (Print). 

Rabadi, M. H., & Rabadi, F. M. (2006). Comparison of the Action Research Arm Test and the 
Fugl-Meyer Assessment as measures of upper-extremity motor weakness after 
stroke. Archives of Physical Medicine and Rehabilitation, Vol.87, No.7, (Jul 2006), 
pp.962-966. 

Ratsep, T., & Asser, T. (2011). Changes in viscoelastic properties of skeletal muscles induced 
by subthalamic stimulation in patients with Parkinson's disease. Clinical 
Biomechanics (Bristol, Avon), Vol.26, No.2, (Feb 2011), pp.213-217, ISSN 1879-1271 
(Electronic) 0268-0033 (Linking) 

Reisman, S., Allen, T. J., & Proske, U. (2009). Changes in passive tension after stretch of 
unexercised and eccentrically exercised human plantarflexor muscles. Experimental 
Brain Research, Vol.193, No.4, (Mar 2009), pp.545-554, ISSN 1432-1106 (Electronic) 
0014-4819 (Linking). 

Roja, Z., Kalkis, V., Vain, A., Kalkis, H., & Eglite, M. (2006). Assessment of skeletal muscle 
fatigue of road maintenance workers based on heart rate monitoring and 
myotonometry. Journal of Occupational Medicine and Toxicology, Vol.1, (July 2006), 
pp.20, ISSN 1745-6673 (Electronic) 

Rydahl, S. J., & Brouwer, B. J. (2004). Ankle stiffness and tissue compliance in stroke 
survivors: a validation of myotonometer measurements. Archives of Physical 
Medicine and Rehabilitation, Vol.85, No.10, (Oct 2004), pp.1631-1637, ISSN 0003-
9993 

Shaw, L. C., Price, C. I., van Wijck, F. M., Shackley, P., Steen, N., Barnes, M. P., Ford, G. A., 
Graham, L. A., & Rodgers, H. (2011). Botulinum Toxin for the Upper Limb after 
Stroke (BoTULS) Trial: effect on impairment, activity limitation, and pain. Stroke, 
Vol.42, No.5, (May 2011), pp.1371-1379, ISSN 1524-4628 (Electronic) 0039-2499 
(Linking) 

Sheean, G., & McGuire, J. R. (2009). Spastic hypertonia and movement disorders: 
Pathophysiology, clinical presentation, and quantification. PM & R: The Journal of 
Injury, Function, and Rehabilitation, Vol.1, No.9 (Sep 2009), pp.827-833, ISSN 1934-
1482 

Simons, D. G., & Mense, S. (1998). Understanding and measurement of muscle tone as 
related to clinical muscle pain. Pain, Vol.75, No.1, (Mar 1998), pp.1-17, ISSN 0304-
3959 

Sjostrom, M., Fugl-Meyer, A. R., Nordin, G., & Wahlby, L. (1980). Post-stroke hemiplegia; 
crural muscle strength and structure. Scandinavian Journal of Rehabilitation Medicine. 
Supplement, Vol.7, (Jul 1980), pp.53-67, ISSN 0346-8720 

Sommerfeld, D. K., Eek, E. U.-B., Svensson, A.-K., Holmqvist, L. W., & von Arbin, M. H. 
(2004). Spasticity after stroke: its occurrence and association with motor 
impairments and activity limitations. Stroke, Vol.35, No.1, (Jan 2004 ), pp.134-139, 
ISSN 0039-2499 

Svantesson, U., Takahashi, H., Carlsson, U., Danielsson, A., & Sunnerhagen, K. S. (2000). 
Muscle and tendon stiffness in patients with upper motor neuron lesion following a 
stroke. European Journal of Applied Physiology, Vol.82, No.4, (Jul 2000), pp.275-279, 
ISSN 1439-6319 



 
Rehabilitation Medicine 

 

52

Vain, A. (1995). Estimation of the functional state of skeletal muscle. In P. H. Veltink & 
H.B.K. Boom, (Eds.), Control of ambulation using functional neuromuscular stimulation. 
(pp. 51-55). University of Twente Press, ISBN 9036507340, 9789036507349, 
Enschede, Netherlands 

van der Lee, J. H., Beckerman, H., Lankhorst, G. J., & Bouter, L. M. (2001). The 
responsiveness of the Action Research Arm test and the Fugl-Meyer Assessment 
scale in chronic stroke patients. Journal of Rehabilitation Medicine, Vol.33, No.3, (Mar 
2001), pp.110-113, ISSN 1650-1977 

Viir, R., Laiho, K., Kramarenko, J., & Mikkelson, M. (2006). Repeatability of trapezius muscle 
tone assessment by a myometric method. Journal of Mechanics in Medicine and 
Biology, Vol.6, No.2, ( Feb 2006), pp.215-228, ISSN 0219-5194 

Wade, D. T. (1992). Measurement in neurological rehabilitation. Oxford: Oxford Medical 
Publications, ISBN 978-0-323-04621-3, New York. 

Ward, A. B. (2000). Assessment of muscle tone. Age and Ageing, Vol.29, No.5, (Sep 2000), 
pp.385-386, ISSN 0002-0729 

Weir, J. P. (2005). Quantifying test-retest reliability using the intraclass correlation coefficient 
and the SEM. Journal of Strength and Conditioning Research, Vol.19, No.1, (Feb 2005), 
pp.231-240, ISSN 1064-8011 

Whitehead, N. P., Weerakkody, N. S., Gregory, J. E., Morgan, D. L., & Proske, U. (2001). 
Changes in passive tension of muscle in humans and animals after eccentric 
exercise. Journal of Physiology, Vol.533, No.Pt 2, (Jun 2001), pp.593-604, ISSN 0022-
3751 



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


