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Objective. Test-retest reliability of the myotonometer was investigated in patients with subacute stroke. Methods. Twelve patients
with substroke (3 to 9 months poststroke) were examined in standardized testing position twice, 60 minutes apart, with the
Myoton-3 myometer to measure tone, elasticity, and stiffness of relaxed bilateral biceps and triceps brachii muscles. Intrarater
reliability of muscle properties was determined using intraclass correlation coefficient (ICC), the standard error of measurement
(SEM), and the minimal detectable change (MDC). Results. Intrarater reliability of muscle properties of bilateral biceps and triceps
brachii muscles were good (ICCs = 0.79–0.96) except for unaffected biceps tone (ICC = 0.72). The SEM and MDC of bilateral
biceps and triceps brachii muscles indicated small measurement error (SEM% < 10%, MDC% < 25%). Conclusion. The Myoton-3
myometer is a reliable tool for quantifying muscle tone, elasticity, and stiffness of the biceps and triceps brachii in patients with
subacute stroke.

1. Introduction

Abnormalities in muscle structure and properties are a com-
mon feature after stroke [1–3] and lead to poor controlled
movement and functional disability [4]. Examining the
mechanical properties of muscle is important in monitoring
the stage of the pathologic processes of muscles [5, 6] and
for assessing efficacy of therapeutic interventions [7]. The
most widely used clinical assessment of muscle tone is the
modified Ashworth scale (MAS), which assesses muscular
resistance to passive movement [8, 9]. Nevertheless, the MAS
uses subjective grading [9, 10], has poor reliability [9] and
clustering of scores [11, 12], and lacks significant correlation
with muscular stiffness after stroke [13, 14]. Therefore,
an objective measurement tool with an excellent reliability
and small measurement error for assessing the mechanical
properties of muscle is necessary. Researchers have reported
a new approach, the myotonometric measure, which was

more sensitive and precise than the MAS to quantify muscle
properties [15].

The prerequisites of a proper measurement are validity
and reliability. Validity ensures that a measurement actually
evaluates what it is intended to measure, and reliability is the
extent of a consistent measurement outside of measurement
error [16]. The validity of the myotonometer has been estab-
lished in healthy individuals [17, 18], in patients with chronic
pain in the anterior leg or dorsal forearm [19], in patients
with upper motoneuron disorders [12], and in stroke sur-
vivors [20]. Myotonometric measurements of muscle stiff-
ness showed an approximately linear increase with increasing
electromyographic measurements of muscle activation and
contractile force during voluntary isometric contraction,
indicating tissue displacement during contracted conditions
provided an indirect measure of muscle strength [17–19].
The linear relationship between muscle stiffness and force
output suggested that the myotonometer was giving a valid
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recording of the muscle stiffness rather than that of the sub-
cutaneous tissue [18]. The myotonometer quantified spas-
ticity of the biceps brachii muscle and correlations between
the myotonometric measurements of muscle tone and MAS
were moderate to high in subjects with upper motoneuron
disorders [12]. Differences of myotonometric measurements
in relaxed and active muscle contraction were significantly
related to total ankle stiffness quantified using a torque
motor [20]. The significance of the association between these
outcomes indicates that they measure similar constructs.

Previous studies have shown that myotonometry is
reliable for healthy adults [18, 21, 22] and for various
patient populations, including those with Parkinson’s disease
[23, 24], cerebral palsy [25, 26], musculoskeletal disorders
[27, 28], and chronic stroke [29]. To date, however, only
one study has examined the test-retest reliability of the
myotonometer on the forearm muscles in patients with
chronic stroke [29], which limits its use in patients with
stroke. Pathologic progressions in muscles may differ across
various diseases and stage of disease; thus, the reliability of
the myotonometer should be established for patients with
subacute stroke.

Patients with stroke have increased passive biceps brachii
tone [12] and stiffness [14]. Biceps and triceps brachii muscle
paresis and biceps brachii cocontraction during voluntary
reaching have shown significant correlations to decreased
motor performance, indicating that these two muscles are
good predictors of the motor performance of the upper
extremity [14]. Therefore, it is important to explore the
reliability of the myotonometer on the biceps brachii and
triceps brachii muscles.

The present pilot study investigated the intrarater relia-
bility of a hand-held myotonometry device (Myoton-3) for
measuring muscle properties of bilateral biceps brachii and
triceps brachii muscles in patients who had experienced a
first-ever stroke within 3 to 9 months before enrollment. This
time window is the period in which most available standard
therapeutic interventions have been completed and the
opportunity for spontaneous recovery to occur is attenuated
[30]. Findings from the present study can contribute to
a better understanding of mechanical properties of elbow
muscles in patients with subacute stroke and may also
provide diagnostic and therapeutic implications.

2. Methods

2.1. Participants. We recruited 12 participants (8 men and 4
women) with a mean age of 51.19 years. Table 1 summarizes
participant characteristics. Inclusion criteria were (1) a
first-ever stroke of 3 to 9 months before recruitment, (2)
Brunnstrom stage III or above in the proximal and distal part
of the arm [31], (3) no severe spasticity in the paretic arm
(MAS ≤ 2) [8], (4) no cognitive deficits (Mini-Mental State
Examination score ≥ 24) [32], and (5) no other neurologic,
neuromuscular, or orthopedic disease. Institutional Review
Board approval was obtained from the participating sites and
written informed consent was obtained from all participants
before data collection.

Table 1: Characteristics of the participants (n = 12).

Characteristic

Sex, n

Male 8

Female 4

Age, mean (SD), year 51.19 (11.02)

Side of hemiplegia, n

Right 7

Left 5

Months after stroke onset, mean (SD) 6.58 (1.38)

Brunnstrom stage of upper limb, median (range)

Proximal part 4.5 (3.5–5)

Distal part 4.5 (3.5–5.5)

Fugl-Meyer Assessment for upper limb, mean (SD) 47.92 (6.33)

Mini Mental State Exam scores, mean (SD) 27.50 (3.26)

SD: standard deviation.

2.2. Testing Procedures. Myotonometric measurements in
bilateral biceps and triceps brachii muscles were per-
formed at rest, using the Myoton-3 myometer (Muomeetria
AS, Tallinn, Estonia) by a senior occupational therapist
(Figure 1) [33]. Before measurement, participants were
informed standard measurement procedure. Measurements
were done with the participant lying supine for biceps brachii
and side lying for triceps brachii in a relaxed manner,
with the participants’ arms at their sides and forearms
between pronation and supination. The location of the
measured muscles was first determined on the unafffected
side, thereafter on the affected side. The participant was
requested to make an effort by applying resistance with the
biceps brachii or triceps brachii to the therapist’s hand and
at the same time the measuring points for the biceps brachii
and triceps brachii were identified by the therapist according
to bone prominence and palpation. The middle part of the
muscle belly is suggested as the particular measuring point
[18, 34], which was marked with a marker in order to
replicate the positioning for the subsequent hour used for the
reliability measures. For example, the measuring point for
the biceps brachii was at the long head, lateral part of muscle,
in the middle of arm; and that for the triceps brachii was at
the medial head of muscle, in the middle part of arm [35].
The muscles of the unaffected side of the body were measured
first. After participants were instructed to relax their muscles
maximally, the testing end of the Myoton-3 was placed
perpendicular on the skin surface overlying the measuring
points of the respective bilateral biceps brachii and triceps
brachii. Three consecutive measurements with roughly 1
second in between were taken in each muscle, and the average
value was used for later analysis. The entire test session was
repeated 60 minutes after the first session with the same
procedure, same position, and same measuring point.

The Myoton-3 myometer exerts a short mechanical pulse
on the tested muscle, which causes muscle to be deformed
for a short interval. The muscle responds to the mechanical
stimulus in the form of damped oscillations recorded by an
acceleration transducer on the testing end, and 3 parameters
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Figure 1: The Myoton-3 myometer.

s

v

a

a

t

t

t

T

Δl

amax

Figure 2: Damped oscillations of the muscle show displacement (s),
velocity (v), and acceleration (a) in myotonometric measurements.
T is the oscillation period, amax is the maximal amplitude of
oscillation, and Δl is the maximal deformation depth of the muscle.

are calculated from the curve (Figure 2). Three mechanical
properties of the muscle tissue are (1) the natural oscillation
frequency (Hz), (2) the logarithmic decrement of damping
oscillations, and (3) the stiffness (N/m) [15, 27, 34].

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 2). The range of values of the oscillation frequency
is usually 11 to 16 Hz in the functional state of relaxation
and 18 to 40 Hz in contraction, depending on the muscle
[34]. The logarithmic decrement of the damping oscillations
characterizes muscle elasticity. 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 2). The decrement values are
usually 1.0 to 1.2, depending on the muscle. At the point
of maximum compression of the muscle being measured,
the corresponding acceleration (amax) characterizes the resis-
tance of the muscle to the force deforming the muscle [28].
Stiffness was calculated as (Stiffness = amax×m/Δl), where m
is the mass of the testing end of myometer (kg); amax is the
maximal acceleration of oscillation (m/s2); Δl is the defor-
mation depth of the muscle mass (Figure 2) [18]. The usual

range of stiffness values is 150 to 300 N/m for resting muscle
and may exceed 1000 N/m for contracted muscles [34].

Operational Definition and Functional Role of Muscle Tone,
Elasticity, and Stiffness. Muscle tone, elasticity, and stiffness
quantify the functional state of the muscle [27, 28]. Muscle
tone involves active nervous-system-stimulated tone and
passive (resting) intrinsic viscoelastic tone [21, 36, 37]. From
the biomechanics perspective, muscle tone is a mechanical
tension in the relaxed muscle [34]. Passive muscle tone is
defined as the passive muscle tonus or tension that derives
from its intrinsic viscoelastic properties without contractile
activity [36, 37]. The functional roles of passive muscle tone
are maintaining balance, stability, and posture, providing
adequate blood circulation to the muscle and achieving
energy-efficient costs for prolonged duration without fatigue
[34, 36]. Increased muscle tone disturbs the blood supply in
the muscle to diminish oxygen transportation, which might
relate to pain, lowered motor performance, overload, and so
on [34].

Muscle elasticity is the ability of the muscle to restore
its initial shape after contraction, which is inversely propor-
tional to the decrement [34]. Muscle elasticity increases as
the decrement decreases. Muscle elasticity is important in
using muscle energy and increasing blood circulation volume
during the effort. Decreased muscle elasticity brings on easier
fatigability and limited speed of movement [34].

Muscle stiffness is a muscle’s ability to resist the defor-
mation caused by external forces [36–38]. The speed and
ease of the movement performed by the agonist muscle is
associated with the stiffness of the antagonist muscle. When a
muscle becomes more stiff, greater force is required from the
antagonist, which decreases the energy expenditure economy
of movement [34].

2.3. Data Analysis. Results of myotonometric measure-
ments are presented as mean and standard deviation (SD).
Intrarater reliability was analyzed through the intraclass
correlation coefficient (ICC), standard error of measure-
ment (SEM), SEM%, minmal detectable change (MDC),
and MDC%. The Kolmogorov-Smirnov test was used to
examine whether the tested parameters satisfied conditions
for normal distribution. The ICC was calculated using a 2-
way mixed-effect model, with an agreement coefficient and
average measure. The ICC determines the degree of consis-
tency and agreement between repeated measurements [39],
with an ICC exceeding 0.75 indicating excellent reliability
[16]. The SEM represents the smallest change between 2
time points that provides an indication of within-subject
variability in repeated tests and determines the extent of
measurement error. The MDC represents the magnitude of
change necessary to exceed the measurement error of test-
retest measures that indicates a true statistical change at a
certain confidence interval (CI) level for a single individual
[39–41]. The SEM was calculated as (SEM = SDpooled ×√

(1− ICC)), where SDpooled is the SD for all observations
from test sessions 1 and 2, and ICC is the test-retest reliability
coefficient [42]. The SEM% indicates the relative amount of
measurement error independent of the units of measurement



4 Stroke Research and Treatment

Table 2: Myotonometric measurements of the biceps and tricpes brachii musclesa.

Muscle Variable
First session Second session

Affected Unaffected Affected Unaffected

Biceps brachii
Tone (Hz) 11.72 (1.83) 12.03 (1.65) 11.44 (1.63) 11.82 (1.32)

Elasticity 1.70 (0.30) 1.52 (0.38) 1.63 (0.30) 1.46 (0.32)

Stiffness (N/m) 223.42 (31.68) 225.50 (30.36) 217.08 (27.19) 217.25 (26.64)

Triceps brachii
Tone (Hz) 11.23 (2.05) 11.75 (2.42) 10.76 (2.53) 11.18 (3.25)

Elasticity 1.78 (0.51) 1.64 (0.37) 1.80 (0.50) 1.73 (0.43)

Stiffness (N/m) 197.08 (28.23) 192.08 (33.22) 195.50 (28.79) 189.08 (55.06)
a
Values are reported as means (standard deviations).

Table 3: Test-retest reliability of myotonometric measurements of the biceps and tricpes brachii muscles.

Muscle Variable
ICC (95% CI) SEM (SEM%) MDC90 (MDC90%)

Affected Unaffected Affected Unaffected Affected Unaffected

Biceps brachii
Tone (Hz) 0.96 (0.86–0.99) 0.72 (0.25–0.92) 0.34 (2.93%) 0.77 (6.45%) 0.79 (6.82%) 1.79 (15.01%)

Elasticity 0.85 (0.54–0.96) 0.94 (0.80–0.98) 0.12 (6.92%) 0.09 (6.04%) 0.27 (16.26%) 0.20 (13.42%)

Stiffness (N/m) 0.91 (0.70–0.97) 0.87 (0.59–0.96) 8.81 (4.00%) 10.34 (4.67%) 20.52 (9.31%) 24.09 (10.88%)

Triceps brachii
Tone (Hz) 0.90 (0.68–0.97) 0.89 (0.65–0.97) 0.70 (6.36%) 0.92 (8.04%) 1.63 (14.83%) 2.14 (18.67%)

Elasticity 0.93 (0.76–0.98) 0.93 (0.76–0.98) 0.13 (7.26%) 0.10 (5.95%) 0.30 (16.75%) 0.23 (13.69%)

Stiffness (N/m) 0.79 (0.40–0.94) 0.79 (0.40–0.94) 12.69 (6.46%) 20.44 (10.72%) 29.56 (15.05%) 47.62 (24.98%)

ICC: intraclass correlation coefficient; CI: confidence interval; SEM: standard error of measurement; SEM%: SEM divided by the mean of all measurements
from the two sessions and multiplied by 100%; MDC: minimal detectable change; MDC%: MDC divided by the mean of all measurements from the two
sessions and multiplied by 100%.

and represents the threshold for the smallest change that
shows a real change for a group of participants, which was
defined as (SEM% = (SEM/mean) × 100), where mean is the
mean for all observations from the 2 sessions [43, 44].

The MDC90 was used to determine whether the change
score of a participant is real at the 90% confidence level,
which was calculated as (MDC90 = 1.65 ×√2 × SEM = 1.65
×√2 × SDpooled ×

√
(1− ICC)), where 1.65 is the two-tailed

tabled z value for the 90% CI, and
√

2 represents the variance
of two measures [42]. The MDC90% represents the relative
amount of measurement error and a relative true difference
between repeated measurements over time in a participant,
which was defined as (MDC90% = (MDC90/mean) × 100),
where mean is the mean for all measurements from 2 sessions
[43, 44].

Generally, differences between 2 measurements that are
larger than the SEM and MDC90 can be attributed to a real
change or beyond measurement error [45]. The smaller the
SEM and MDC90, the greater the reliability [41].

3. Results

The study participants were 12 patients who met the selec-
tion criteria. Participants were a mean age of 51.19 years, and
the average time after stroke onset was 6.58 months. Detailed
characteristics of the participants are reported in Table 1.
Descriptive statistics of the myotonometric measurements
in the 2 test sessions are reported in Table 2. The values
of muscle tone and stiffness in both biceps and triceps
brachii muscles were within the range in the functional
state of relaxation. Results of the Kolmogorov-Smirnov

test demonstrated the myotonometric measurements were
normal distribution.

As detailed in Table 3, the ICCs for bilateral biceps
and triceps brachii muscles exceeded 0.75 (ICCs = 0.79–
0.96), except for unaffected biceps brachii tone (ICC =
0.72), indicating that the myotonometric measurements had
excellent intrarater reliability.

The SEM (SEM%) of the bilateral biceps and triceps
brachii muscles was from 0.34 to 0.92 Hz (2.93%–8.04%)
for the tone, 0.09 to 0.13 (6.04%–7.26%) for the elasticity,
and 8.81 to 20.44 N/m (4.00%–10.72%) for the stiffness,
with affected biceps brachii tone being the smallest and
unaffected triceps brachii stiffness being the largest. The
MDC90 (MDC90%) of the bilateral biceps and triceps brachii
muscles was from 0.79 to 2.14 Hz (6.82%–18.67%) for
the tone, 0.20 to 0.30 (13.42%–16.75%) for the elasticity,
and 20.52 to 47.62 N/m (9.31%–24.98%) for the stiffness
(Table 3). Generally, the SEM% values were below 10%
and the MDC90% values were below 25% in the muscle
properties of the biceps brachii and triceps brachii, except
for the SEM% of the unaffected triceps brachii stiffness,
representing a small amount of measurement error [44]. The
SEM (SEM%) and MDC90 (MDC90%) of the biceps brachii
appeared to be smaller than those of the triceps brachii
muscle.

4. Discussion

This study investigated intrarater reliability of the Myoton-3
myometer for the elbow muscles in patients with subacute
stroke. The results showed good intrarater reliabilities of
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the myotonometric measurements, with high agreement and
small measurement error in repeated tests.

This pilot study showed that the myotonometer was
highly reliable for measuring biceps and triceps brachii
muscles in patients with subacute stroke. The ICC val-
ues were high, indicating excellent reproducibility of the
Myoton-3 between successive sessions of assessment. This
was in agreement with results of previous interday reliability
studies in different muscle groups and study populations
[18, 21, 22, 24–27]. In a previous study, looking at the
interday reliability of the Myoton-3 myometer in 10 healthy
young volunteers who were retested after 2 days, the relaxed
biceps femoris muscle exhibited a moderate ICC score (0.54–
0.73) [21]. Another interday reliability study by Bizzini and
Mannion repeated the same tests of day 1 on day 2 for
measuring relaxed muscle stiffness of the rectus femoris,
vastus lateralis, biceps femoris, and gastrocnemius using the
Myoton-2 myometer in 10 healthy volunteers. The results
showed good to excellent test-retest reliability for all muscles
(ICCs 0.80–0.93), except for the vastus lateralis (ICC 0.40)
[18].

The ICC cannot detect systematic errors [39], however,
and assessments of within-subject variability in the test-
retest measurements are necessary to evaluate reliability
comprehensively [26]. A good myotonometric measure
should present small measurement errors and be sensitive to
identify the smallest real changes in repeated measurements.
Establishing reliability of measures is important not only
for repeated measurements with sound stability but also to
identify changes over time [46].

The SEM and MDC90 provide the values of the measure-
ment error between repeated tests for a group and for an
individual, respectively. Clinicians and researchers can use
the SEM and MDC90 values to determine whether a change
in a group or in an individual is statistically significantly real
[47, 48]. That is, the real change in a patient should exceed
the MDC90 of the measure. The SEM (SEM%) and MDC90

(MDC90%) of the bilateral biceps and triceps brachii muscles
in this study were small, indicating small measurement error
[44]. It should be noted that the SEMs of tone and stiffness
in the biceps and triceps brachii muscles were consistently
higher in unaffected side compared to affected side. The ICCs
of tone and stiffness in the unaffected biceps and triceps
muscles were lower than those in the affected ones. This
was similar to lower intrarater reliability of measurements of
the unaffected biceps than that of the affected biceps brachii
in children with spastic-type cerebral palsy [26] and lower
intrarater reliability of the relaxed biceps brachii than the
isometrically contracted biceps brachii in healthy adults [22].
The reasons for this were not clear, but might be that the
participants had difficulty in remaining relaxed when the
testing end of the Myoton-3 myometer was first placed on
the unaffected muscles.

The SEM% and MDC90% are independent of the units
of measurement, which are more easily interpreted and
appropriately compares the amount of random error among
muscle groups and properties [44]. The results of SEM and
MDC in the present study can be used as a reference for the
Myoton-3 to help clinicians and researchers identify small,

real changes of muscle properties of the biceps and triceps
brachii muscles between repeated measurements for patients
with substroke.

This study needs to account for the following limitations.
First, a variety of factors that may affect resting muscle tone
in patients with subacute stroke include the location of stroke
lesion, the severity and type of stroke, body positioning,
level of tension in synergic and antagonist muscles, level of
test anxiety, and time when the test was administered. Only
12 patients with subacute stroke who demonstrated a low
level of spasticity and were without cognitive impairment
were included in this pilot study, which may limit the
generalizability of our findings. Future studies that consider
possible factors that may affect test performance using a
larger and more diverse group of patients with stroke are
needed to validate our findings and to promote the clinical
utility of the myotonometer.

Second, passive muscle tone as measured by the elec-
tromyography or isokinetic dynamometer has not been
assessed and this is an acknowledged limitation of the
present study. Additionally, passive muscle properties in
the relaxed state cannot represent functional evaluation
during contracted state. The concurrent measurement of
muscle properties in relaxation and under contraction with
a myotonometer and electromyography or dynamometer is
suggested for future studies.

Third, the myotonometry method is not applicable for
the following conditions: thin muscle, muscle with small
mass, obese persons (BMI > 30 kg·m−2), patients suffering
from severe pain, muscle which are palpable in small volume,
and muscles which are located under other muscles [34]. In
this pilot study, we did not record the arm girth, BMI, and
fatty tissue to consider the obesity; therefore, future study is
recommended to take this issue into account.

Finally, to enhance the applicability and interpretability
of the myotonometric measurements, future studies to esti-
mate minimal clinical important differences are warranted to
determine the degree of meaningful change to patients with
stroke.

5. Conclusion

Our pilot study showed that the Myoton-3 myometer has
good intrarater reliability in measuring the mechanical
properties of bilateral biceps brachii and triceps brachii
muscles with high agreement and low thresholds to detect
real changes in patients with stroke. The findings indicate
that the Myoton-3 myometer is a reliable tool for quantifying
the muscle tone, elasticity, and stiffness of elbow flexor and
extensor muscles in patients with subacute stroke. Further
research with larger and divergent groups of patients with
stroke is needed to confirm the findings of our study.
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