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Abstract
Neuromuscular disorders show extremely varied expressions of different symptoms and the involvement of muscles. Non-
invasively, myotonia and muscle stiffness are challenging to measure objectively. Our study aims to test myotonia, elasticity, 
and stiffness in various neuromuscular diseases and to provide reference values for different neuromuscular disease groups 
using a novel handheld non-invasive myometer device  MyotonPRO®. We conducted a monocentric blinded cross-sectional 
study in patients with a set of distinct neuromuscular diseases (NCT04411732, date of registration June 2, 2020). Fifty-
two patients in five groups and 21 healthy subjects were enrolled. We evaluated motor function (6-min walk test, handheld 
dynamometry, Medical Research Council (MRC) Scale) and used ultrasound imaging to assess muscle tissue (Heckmatt 
scale). We measured muscle stiffness, frequency, decrement, creep, or relaxation using myotonometry with the device 
 MyotonPRO®. Statistically, all values were calculated using the t test and Mann–Whitney U test. No differences were found 
in comparing the results of myotonometry between healthy and diseased probands. Furthermore, we did not find significant 
results in all five disease groups regarding myotonometry correlating with muscle strength or ultrasound imaging results. In 
summary, the myometer  MyotonPRO® could not identify significant differences between healthy individuals and neuromus-
cular patients in our patient collective. Additionally, this device could not distinguish between the five different groups of 
disorders displaying increased stiffness or decreased muscle tone due to muscle atrophy. In contrast, classic standard muscle 
tests could clearly decipher healthy controls and neuromuscular patients.

Keywords Motoneuron disease · Myotonic dystrophies · Non-myotonic dystrophies · Myotonometry · Ultrasound imaging · 
Dynamometry

Introduction

In neuromuscular diseases, overall, muscular involvement is 
highly heterogeneous. This is visible in the various neuro-
muscular disorders and within one type of disease itself. Due 
to the varied manifestations of neuromuscular disease among 
patients, diagnosis is often tricky, frequently leading to a 
prolonged period between symptom onset and diagnosis [1]. 
Myotonia, stiffness, muscle atrophy, and weakness are key 
symptoms of myotonic dystrophies [2]. For non-dystrophic 
myotonia, generalised muscle stiffness is the most common 
symptom [3]. Additionally, muscles are selectively affected 

by fatty infiltration and atrophy [4]. In patients suffering 
from motoneuron disease, symptoms range from atrophy to 
severe spasticity and stiffness [5]. Other than non-myotonic 
diseases, motoneuron disease as well as demyelinating poly-
neuropathy (CIDP) or different forms of hereditary sensory 
and motor neuropathies (HMSN) typically do not show 
fatty infiltration in the affected muscle tissue [6, 7]. Because 
detection of delayed relaxation and increased stiffness after a 
voluntary contraction is possible in both dystrophic and non-
dystrophic myotonia [3], as well as motoneuron disease, and 
because of the wide variety in phenotypes of all conditions, 
clinical diagnosis stays challenging.

Non-invasively, myotonia and muscle stiffness are diffi-
cult to measure objectively but are typically only described 
clinically. Semi-invasively, the severity of myotonia is best 
assessed by electromyography. This requires a high logistic 
effort and technical equipment, including sophisticated com-
puterised measurements and a trained neurophysiologist, to 
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be readily available. This implementation in routine clinical 
practice is almost impossible. Ultrasound of muscle tissue 
has proven to be an excellent tool in detecting neuromuscu-
lar disease. It has shown high sensitivity and specificity for 
characterising various diseases but is mostly complementary 
to electrophysiological or clinical results [8].

To better understand and assess muscle stiffness and myo-
tonia, the current study used a handheld myometer device 
that measures muscle fibres' elasticity, stiffness, and relaxa-
tion time non-invasively. In this study, we used the com-
mercially available device  MyotonPro®, which is used to 
evaluate the parameters previously mentioned.

Its validity and reliability were already proven in a large 
cohort of healthy volunteers and patients with different types 
of central nervous system diseases affecting the muscles, 
such as stroke or Parkinson’s disease. Assessing patients 
with stroke, the device can be a reliable source determining 
pre- and posttreatment abilities [9]. Concerning patients with 
Parkinson’s disease, literature shows a significant difference 
in rigidity and stiffness values between healthy individuals 
and patients with Parkinson’s disease, seeing a higher rigid-
ity and correlating higher value for stiffness in myotonom-
etry [10]. While finding significant differences in patients 
with or without paratonia concerning the  MyotonPRO® 
values, careful interpretation of results concerning patients 
with paratonia is necessary [11]. One study aimed to inspect 
minimal detectable changes in muscles and compare them 
to ultrasound imaging, which showed significant results for 
both measurements, determining that myotonometry can 
detect minimal changes in muscles [12].

The application of short pulses of the  MyotonPRO® to the 
underlying tissue will trigger a muscle deformation, and the 
resulting oscillation will be measured and analysed by the 
device [13]. We hypothesised that this device might allow 
a statement concerning the severity of myotonia or stiffness 
and could be used in evaluating disease progression. So far, 
the knowledge of muscle elasticity and stiffness in various 
neuromuscular diseases is scarce.

Our study aims to test elasticity, myotonia and stiffness in 
various neuromuscular diseases by using the  MyotonPRO® 
and to investigate whether there is clinical applicability in 
the follow-up and treatment of neuromuscular disorders.

Methods

Study setting and patient population

We conducted a monocentric blinded cross-sectional study 
in patients with neuromuscular diseases to assess stiffness, 
muscle tone, relaxation periods and elasticity of various 
muscles. Our secondary objective was to provide refer-
ence values for the measured entities of multiple muscles 

in patients with myotonic or non-myotonic neuromuscular 
disorders and to assess correlations to compare result values 
with clinical muscle function tests measured by clinical eval-
uation (MRC-scale) and the 6-min walk test, and to assess 
correlations between subcutaneous fat, muscle thickness and 
echogenicity.

Inclusion criteria consisted of willingness to provide 
signed informed consent and being able to perform muscu-
lar function tests and the non-invasive measuring with the 
 MyotonPRO® device. Only adult patients ≥ 18 years of age 
with neuromuscular disease were included. After provid-
ing informed consent, eligible patients were included and 
underwent several conventional muscle tests. Subsequently, 
we measured with the  MyotonPRO® device on two separate 
occasions to rule out gross measurement errors. Patients 
were monitored continuously during the implementation of 
the measurement so possible side effects would be detected. 
Exclusion criteria included severe comorbidities, inability 
to perform required muscle function tests or, according to 
the investigator, inability to adhere to the specifications and 
requirements of the study. Additionally, participating in 
another clinical study using investigational treatment was 
an exclusion criterion.

Fifty-two patients were enrolled and divided into five dis-
ease groups. Additionally, 21 healthy subjects were enrolled 
as a control group. All included patients were assessed at 
the neuromuscular centre Friedrich-Baur-Institute at the 
Ludwig-Maximilians University Munich, Germany. The 
study was approved by the ethics committee of the LMU 
university hospital, Project No. 19-613, and the protocol was 
registered on a public clinical trials registry (ClinicalTrials.
gov Identifier NCT04411732).

Examination and methods

First, all eligible patients were categorised into one of the 
five following groups: motoneuron disease (e.g. amyotrophic 
lateral sclerosis, spinal muscular atrophy), non-myotonic 
myopathy (e.g., central core disease, Pompe disease), 
myotonic myopathy (e.g. myotonic dystrophy type 1 or 2), 
peripheral neuropathy (e.g. critical illness polyneuropathy, 
multifocal motor neuropathy), and myositis (e.g. polymyosi-
tis, necrotic myositis).

Upon first examination, muscle strength was measured 
using the MRC (Medical Research Council) scale. MRC 
score ranged from 5 (maximum muscle force) to 0 (no move-
ment detectable) [14]. Additionally, we used dynamometry 
to assess the maximum applied pressure in kg in all meas-
ured muscles: thenar and hypothenar, m. biceps brachii, m. 
triceps brachii, m. deltoideus, m. quadriceps femoris, m. 
tibialis anterior, m. gastrocnemius on both sides, respec-
tively. We used the best three attempts to maximise precise 
results [15].
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To assess general muscle function, we conducted the 
6-min walk test (6MWT). Subjects were asked to walk on a 
hard, flat surface as fast as they could, and the overall dis-
tance was measured [16]. Standard values for the 6MWT are 
a walking distance greater than 637 m in healthy adults [17]. 
In addition, we conducted a standardised muscle ultrasound 
to determine the diameter of muscle mass, subcutaneous fat, 
and underlying tissue. Muscle ultrasound is an ideal imag-
ing modality for non-invasive, atraumatic, and radiation-free 
neuromuscular imaging.

We also documented muscle intensity using the four-
point-Heckmatt scale [18]. To better understand pain related 
to the presented disorders, we also collected data using the 
Numeric Rating Scale (NRS) [19]. Patients were asked to 
rate their pain level using the NRS in the muscles, as men-
tioned above.

For measuring muscle stiffness, elasticity and relaxation 
time, the commercially available device  MyotonPRO® was 
used.  MyotonPRO® is a non-invasive, hand-held device 
placed perpendicular to the underlying muscle tissue. Using 
little pressure, the device gets activated. A light signal will 
indicate if the probe is pushed down adequately and if 
the pre-compression load is met. Using a brief mechani-
cal impulse, the device then exerts a local impact on the 
examined muscle. This results in a slight muscle deforma-
tion. The damped oscillatory behaviour of the underlying 
tissue will be recorded after the stimulation, and viscoelas-
tic stiffness will be calculated automatically. The following 
measurements will be performed automatically, analysing 
the oscillation curves, and calculating the tissue tone [fre-
quency (Hz), the tissue stiffness (N/m)], the decrement as 
a parameter for the elastic stiffness of the tissue and vis-
coelastic parameters like relaxation time [in milliseconds 
(ms)] and creep as non-elastic tissue strain, also known as 
retardation [20]. The device will automatically calculate the 
coefficient of variation (CV) between sets, using sets of five 

impulses in this study. After the measurement is completed, 
the coefficient of variation will be displayed as a percent-
age next to every parameter [12]. The functionality of the 
 MyotonPRO®, measurement and calculations have been 
tested and validated in many clinical studies [9, 10, 13]. 
Therefore, this study is not intended to validate the meas-
urements of the  MyotonPRO® device itself nor its safety or 
accuracy of measures. The primary outcome is to evaluate 
measurement results in patients with neuromuscular diseases 
and elaborate reference values. The muscles examined with 
the  MyotonPRO® were Mm. deltoideus, biceps brachii, tri-
ceps brachii, opponens pollicis, abductor digiti minimi, rec-
tus femoris, tibialis anterior, gastrocnemius caput mediale 
(both sides each).

Statistical analysis

Microsoft  Excel® version 16 and SPSS  Statistics® ver-
sion 29 were used to analyse the presented data. All data 
were checked for normal distribution using the Kolmogo-
rov–Smirnov-Test. The significance level (alpha) was set 
at ≤ 0.05. Next, we performed an unpaired, two-sided t test 
for all metric, normally distributed values. For all non-par-
ametric values, we performed the Mann–Whitney U test. 
For purposes of clarity, only the results of the biceps brachii 
muscle are presented in this paper. All other muscles exam-
ined yielded comparable results in the evaluation and are 
available on reasonable request.

Results

Baseline demographic and characteristics

Characteristics of the study population are presented in 
Table 1. Patients had a mean age of 48.7 years, while the 

Table 1  Characteristics of study 
populations

Significant results (p < 0.05) are highlighted. Unless otherwise stated, the t test was performed
a Measured in meters
b Measured in kilogram
c MRC = medical research council, taxonomy standard to measure muscle strength by resisted isometrics on 
a scale from 0 to 5

Healthy subjects
n = 21 (%)

Diseased subjects
n = 52 (%)

p value

Age, years (mean ± SD) 50.1 ± 22 48.7 ± 17  < 0.80
Female gender 10 (47.6%) 21 (40.4%) 0.57

χ2 test
Heighta (mean ± SD) 1.74 ± 0.07 1.75 ± 0.1  < 0.70
Weightb (mean ± SD) 71.5 ± 15.0 75.6 ± 19.5  < 0.38
Handedness (right-handed) 16 (76.2%) 48 (92.3%) 0.03

Fisher-test
MRCc (score sum) (mean ± SD) 79.6 ± 0.8 71.2 ± 9.8  < 0.001
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control subjects were 50.1 years old on average. Female 
gender was found in 40.4% of patients and 47.6% in the 
healthy group. No statistically significant differences 
were found between men and women regarding baseline 
demographics, reflecting normally distributed values. 
Regarding the MRC scale, a significantly lower overall 
sum could be detected in neuromuscular patients com-
pared to healthy individuals (p < 0.001), linking to an 
overall lower muscle force in patients. In all five different 
disease groups, there was no statistically significant dif-
ference in gender or age, apart from a significant differ-
ence in age in patients with myotonic myopathies versus 
healthy subjects (p = 0.012).

Conventional muscle testing

All data are presented in Table  2. In the conducted 
6MWT, five (1%) patients could not perform the test due 
to being unable to walk more than a few steps or being 
wheelchair dependent. Standard values for the 6MWT 
are a walking distance greater than 637 m (m) in healthy 
adults. The enrolled patients showed a significantly lower 
mean distance of 431 m (p < 0.001), only reaching 67% of 
healthy subjects. Regarding the muscle tissue ultrasound 
imaging, we classified the muscle tissue using the four-
point Heckmatt scale. Muscle is being categorised in one 
of the following grades: grade 1: normal muscle echo-
genicity; grade 2: increased muscle echogenicity with 
regular bone reflection; grade 3: increased muscle echo-
genicity with reduced bone reflection; grade 4: markedly 
increased muscle echogenicity with loss of bone reflec-
tion [21]. Healthy subjects had a grade 1, which classifies 
healthy muscle tissue, in 95.2% of all cases. On the other 
hand, neuromuscular patients are classified as grade 1 in 
56.1% of all patients, which is significantly lower than the 
control group (p = 0.006).

In the recorded results of the NRS regarding pain, the 
mean result was a pain level of 1 among the patient group.

Objective assessments: dynamometry 
and  MyotonPRO® results

The correlation between parameters of the  MyotonPRO®, 
such as frequency, decrement, relaxation and creep, and the 
measured muscle force using the example of the bicep bra-
chii muscle of the dominant side is presented in Fig. 1. In the 
examined muscle, no correlation could be detected between 
the values of the  MyotonPRO® and muscle strength. In the 
conducted sub-analyses between all patient groups, it was 
impossible to establish a correlation between changed mus-
cle properties and the measurement result. Pearson’s r for all 
measurements was < 0.5, showing no significant correlation. 
In some cases, Pearson’s r even showed negative figures, but 
also not significantly. Due to clarity reasons, high stiffness 
results could not be depicted in the graph, but also offered a 
low Pearson’s r for all defined groups and overall, resulting 
in no correlation between muscle force and stiffness.

Parameters of the  MyotonPRO®

Table 3 compares the healthy control group and neuromus-
cular patients regarding the values of the  MyotonPRO® 
with the example of the bicep brachii muscle. No signifi-
cant differences between healthy and diseased probands 
were detected in all neuromuscular patients. For the different 
disease groups, all results are presented in Tables 4, 5, 6, 7 
and 8. There were significant results in non-myotonic myo-
pathies such as Pompe or central core disease. The patients 
showed a significantly lower muscle tone (p = 0.017), stiff-
ness (p = 0.021) and creep (retardation, p < 0.001) compared 
to healthy subjects. No significant differences between 
healthy probands and neuromuscular patients could be 
detected in all other groups. Depicted in Table 9 are results 
for non-myotonic myopathies in the rectus femoris muscle, 
where no significant differences could be found. Like the 
presented data, other muscles, such as the rectus femoris 
muscle, did not show significant differences between healthy 
and sick probands.      

Table 2  Standard muscle tests, 
using the example of the biceps 
brachii muscle

Significant results (p < 0.05) are highlighted. Unless otherwise stated, the t test was performed
a Measured in the distance walked in meters
b Heckmatt scales: grade 1: normal muscle echogenicity; grade 2: increased muscle echogenicity with nor-
mal bone reflection; grade 3: increased muscle echogenicity with reduced bone reflection; grade 4: mark-
edly increased muscle echogenicity with loss of bone reflection [21]
c N = 41 subjects

Healthy subjects
n = 21 (%)

Neuromuscular patients
n = 52 (%)

p value

6MWTa (mean ± SD) 660.8 ± 68.2 431.1 ± 171.3  < 0.001
Heckmatt scale <  2b 20 (95.2%) 23 (56.1%)c 0.006

Fisher-Test
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Fig. 1  Correlation between  MyotonPro®  values1 and strength of the biceps brachii muscle on the dominant side. 1Stiffness is not depicted due to 
clarity reasons
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Fig. 1  (continued)
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Study limitations

In our patient cohort, only a small number of patients were 
enrolled in each group, making a comprehensive statistical 
analysis of factors influencing stiffness and elasticity not 
reasonable. On the other hand, this is the first study in a 
sufficient number of patients with different neuromuscular 

disorders that were assessed using hand-held myotonom-
etry and comparing the measured values with conventional 
muscle testing and clinical assessments. The lack of par-
ticipant characteristics such as subcutaneous fat thick-
ness, % body fat, body mass index and activity level can 
be seen as a further limitations of the study. However, 
correlations to the standard clinical assessments such as 

Table 3  Statistical comparison 
of  MyotonPro® measured values 
between neuromuscular patients 
and the control group using the 
example of the biceps brachii 
muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with motoneuron disease = 2 left-
handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated
c Mann–Whitney U test was performed

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Neuromuscular patients
n = 52

p  valueb

Tone (mean ± SD) 15.67 ± 1.02 15.34 ± 1.81 0.33
Stiffness (mean ± SD) 263.721 ± 28.46 252.43 ± 51.63 0.26
Elasticity (median, min–max) 1.37 (0.88–2.42) 1.45 (0.91–16.05) 0.35c

Relaxation (mean ± SD) 19.64 ± 1.82 20.44 ± 2.80 0.15
Retardation (median, min–max) 1.18 (0.99–1.43) 1.21 (0.98–16.05) 0.17c

Table 4  Statistical comparison 
of  MyotonPro® measurements 
between motoneuron disease 
patients and the control group 
using the example of the biceps 
brachii muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with motoneuron disease = 0 left-
handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated
c Mann–Whitney U test was performed

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Motoneuron patients
n = 10

p  valueb

Tone (mean ± SD) 15.96 ± 1.30 15.19 ± 2.65 0.41
Stiffness (median, min–max) 261.5 (204–338.5) 272 (183–297.5) 0.57c

Elasticity (mean ± SD) 1.41 ± 0.33 1.65 ± 0.45 0.15
Relaxation (mean ± SD) 19.24 ± 1.96 21.25 ± 3.66 0.12
Retardation (mean ± SD) 1.17 ± 0.11 1.29 ± 0.19 0.09

Table 5  Statistical comparison 
of  MyotonPro® measurements 
between patients with non-
myotonic myopathies and the 
control group using the example 
of the biceps brachii muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with myotonic dystrophy = 0 left-
handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated
c Mann–Whitney U test was performed

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Patients with non-myotonic 
myopathies
n = 8

p  valueb

Tone (mean ± SD) 15.96 ± 1.30 14.57 ± 1.35 0.017
Stiffness (median, min–max) 261.5 (204–338.5) 229.8 (16–277.5) 0.021c

Elasticity (median, min–max) 1.30 (0.88–2.24) 1.40 (1.23–16.05) 0.30a

Relaxation (mean ± SD) 19.24 ± 1.96 21.31 ± 2.93 0.036
Retardation (median, min–max) 1.15 (0.99–1.43) 1.34 (1.19–16.05)  < 0.001c
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Table 6  Statistical comparison 
MyotonPro® of measured 
values between patients with 
myotonic myopathy and the 
control group using the example 
of the biceps brachii muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with myotonia = 2 left-handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Patients with myotonia
n = 16

p  valueb

Tone (mean ± SD) 15.67 ± 1.02 15.45 ± 1.44 0.61
Stiffness (mean ± SD) 263.21 ± 28.46 257.07 ± 36.16 0.57
Elasticity (mean ± SD) 1.47 ± 0.42 1.33 ± 0.23 0.23
Relaxation (mean ± SD) 19.64 ± 1.82 19.97 ± 2.22 0.62
Retardation (mean ± SD) 1.19 ± 0.11 1.21 ± 0.12 0.74

Table 7  Statistical comparison 
 MyotonPro® of measured 
values between patients with 
neuropathy and the control 
group using the example of the 
biceps brachii muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with neuropathy = 0 left-handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Patients with neuropathy
n = 10

p  valueb

Tone (mean ± SD) 15.96 ± 1.30 15.82 ± 1.44 0.78
Stiffness (mean ± SD) 268.79 ± 35.11 266.10 ± 34.35 0.84
Elasticity (mean ± SD) 1.41 ± 0.33 1.59 ± 0.26 0.12
Relaxation (mean ± SD) 19.24 ± 1.96 19.82 ± 1.91 0.45
Retardation (mean ± SD) 1.17 ± 0.11 1.21 ± 0.10 0.39

Table 8  Statistical comparison 
 MyotonPro® of measured values 
between patients with myositis 
and the control group using the 
example of the biceps brachii 
muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with myositis = 0 left-handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated

Biceps brachii muscle Dominant  sidea

Categories Control group
n = 21

Patients with neuropathy
n = 8

p  valueb

Tone (mean ± SD) 15.96 ± 1.30 15.46 ± 2.18 0.56
Stiffness (mean ± SD) 268.79 ± 35.11 271.06 ± 56.97 0.92
Elasticity (mean ± SD) 1.41 ± 0.33 1.47 ± 0.35 0.62
Relaxation (mean ± SD) 19.24 ± 1.96 20.16 ± 3.61 0.52
Retardation (mean ± SD) 1.17 ± 0.11 1.23 ± 0.20 0.33

Table 9  Statistical comparison 
of  MyotonPro® measurements 
between patients with non-
myotonic myopathies and the 
control group using the example 
of the rectus femoris muscle

a Dominant side was considered, healthy subjects = 5 left-handed, patients with motoneuron disease = 0 left-
handed
b Significant results (p < 0.05) are highlighted. T test was performed unless otherwise indicated
c Mann–Whitney-test was performed

Rectus femoris muscle Dominant  sidea

Categories Healthy control group
n = 21

Patients with non-myo-
tonic myopathy
n = 8

p  valueb

Tone (mean ± SD) 16.28 ± 3.14 15.68 ± 2.78 0.64
Stiffness (mean ± SD) 294.0 ± 74.61 255.21 ± 108.60 0.28
Elasticity (median, min–max) 1.61 (0.87–2.81) 1.92 (1.48–18.7) 0.07c

Relaxation (mean ± SD) 19.67 ± 4.09 20.70 ± 3.81 0.54
Retardation (median, min–max) 1.31 (0.71–1.53) 1.38 (1.04–18.7) 0.24c
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muscle strength, 6MWT and muscle ultrasound have been 
performed.

Discussion

We conducted a pilot study to examine the values of hand-
held myotonometry in neuromuscular patients in classified 
disease groups and whether the device would be able to 
differentiate between the groups. Additionally, we wanted 
to understand whether this myotonometric device could 
be used in a clinical setting to deliver valuable input into 
a patient’s disease process and treatment. The hand-held 
device could not distinguish between healthy probands and 
neuromuscular patients in our patient cohort. As presented, 
all sub-groups, having different symptoms and expressions 
of stiffness, elasticity and myotonia, as well as the collec-
tive of neuromuscular patients, could not be differentiated 
using the  MyotonPro®. No correlation was found regard-
ing the comparison and correlation between dynamometry 
and myotonometry. For example, we hypothesised that we 
could decipher a correlation between high muscle force and 
a measured muscle tone. This was not the case in our analy-
sis. The limited significant results, such as our results in 
the non-myotonic myopathies group, only depicted a small 
number of patients and were only found in a few selected 
muscles. Therefore, the applicability and sensitivity of meas-
uring clinically meaningful changes using  MyotonPRO® are 
debatable. Overall, conventional muscle tests, such as the 
MRC scale, the 6-min-walk test, and ultrasound imaging 
with the Heckmatt scale classification, showed significantly 
reliable results and could identify differences. Myotonom-
etry by  MyotonPRO® could not reliably predict measured 
values or generate hints about the underlying muscle disease.

Acknowledgements We thank all patients for their participation 
and their consent to analyse their data in this study. No funding was 
received for conducting this study.

Author contributions All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were per-
formed by all authors. The first draft of the manuscript was written by 
KL and all authors commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Availability of data and materials The data that support the findings 
of this study are available from the corresponding author upon reason-
able request.

Declarations 

Conflicts of interest All authors report no disclosures regarding this 
study. Outside of this context, SW and KG have received a research 
grant from the DGM—Deutsche Gesellschaft für Muskelkranke e.V. 

KG received travel or speaker Honoraria from Sanofi-Aventis Germa-
ny GmbH, Amicus Therapeutics and Kedrion. SW has served on ad-
visory boards for Alexion Pharma, CSL Behring and Sanofi Genzyme 
GmbH. In addition, he received funding for travel or speaker Hono-
raria from Sanofi-Aventis Germany GmbH; Amicus Therapeutics; 
SH Glykogenose Gesellschaft; AbbVie Germany GmbH; Recordati 
Pharma GmbH; CSL Behring GmbH; Alexion Pharma GmbH; Desi-
tin Germany; Akcea GmbH. Outside of this context, BS has served 
on advisory boards for Amicus, Argenex, Astellas, and Sanofi; he has 
undertaken contracted available research for Amicus, Astellas, Roche, 
DFG, Horizon 2022, AMDA USA, Marigold foundation CA; and has 
received speaker honoraria from Alexion and Kedrion.

Ethical standard All procedures performed in this study were in 
accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards. The study 
was approved by the ethics committee of the LMU Klinikum, Project 
No. 19-613. In addition, the protocol was registered on a public clinical 
trials registry (ClinicalTrials.gov Identifier NCT04411732). All per-
sons gave their informed consent prior to their inclusion in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Mary P, Servais L, Vialle R (2018) Neuromuscular diseases: diag-
nosis and management. Orthop Traumatol Surg Res 104(1s):S89–
S95. https:// doi. org/ 10. 1016/j. otsr. 2017. 04. 019

 2. Wenninger S, Montagnese F, Schoser B (2018) Core clinical phe-
notypes in myotonic dystrophies. Front Neurol 9:303. https:// doi. 
org/ 10. 3389/ fneur. 2018. 00303

 3. Montagnese F, Schoser B (2018) Dystrophic and non-dystrophic 
myotonias. Fortschr Neurol Psychiatr 86(9):575–583. https:// doi. 
org/ 10. 1055/a- 0635- 8285

 4. Liewluck T, Winder TL, Dimberg EL, Crum BA, Heppelmann CJ, 
Wang Y et al (2013) ANO5-muscular dystrophy: clinical, patho-
logical and molecular findings. Eur J Neurol 20(10):1383–1389. 
https:// doi. org/ 10. 1111/ ene. 12191

 5. Brooks BR, Miller RG, Swash M, Munsat TL (2000) El Escorial 
revisited: revised criteria for the diagnosis of amyotrophic lateral 
sclerosis. Amyotroph Lateral Scler Other Motor Neuron Disord 
1(5):293–299. https:// doi. org/ 10. 1080/ 14660 82003 00079 536

 6. Verschueren A (2017) Motor neuropathies and lower motor neu-
ron syndromes. Rev Neurol (Paris) 173(5):320–325. https:// doi. 
org/ 10. 1016/j. neurol. 2017. 03. 018

 7. Ohyama K, Koike H, Katsuno M, Takahashi M, Hashimoto R, 
Kawagashira Y et al (2014) Muscle atrophy in chronic inflam-
matory demyelinating polyneuropathy: a computed tomography 
assessment. Eur J Neurol 21(7):1002–1010. https:// doi. org/ 10. 
1111/ ene. 12426

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.otsr.2017.04.019
https://doi.org/10.3389/fneur.2018.00303
https://doi.org/10.3389/fneur.2018.00303
https://doi.org/10.1055/a-0635-8285
https://doi.org/10.1055/a-0635-8285
https://doi.org/10.1111/ene.12191
https://doi.org/10.1080/146608200300079536
https://doi.org/10.1016/j.neurol.2017.03.018
https://doi.org/10.1016/j.neurol.2017.03.018
https://doi.org/10.1111/ene.12426
https://doi.org/10.1111/ene.12426


5407Journal of Neurology (2023) 270:5398–5407 

1 3

 8. van Alfen N, Gijsbertse K, de Korte CL (2018) How useful is 
muscle ultrasound in the diagnostic workup of neuromuscular dis-
eases? Curr Opin Neurol 31(5):568–574. https:// doi. org/ 10. 1097/ 
wco. 00000 00000 000589

 9. Chuang LL, Wu CY, Lin KC (2012) Reliability, validity, and 
responsiveness of myotonometric measurement of muscle tone, 
elasticity, and stiffness in patients with stroke. Arch Phys Med 
Rehabil 93(3):532–540. https:// doi. org/ 10. 1016/j. apmr. 2011. 09. 
014

 10. Marusiak J, Kisiel-Sajewicz K, Jaskólska A, Jaskólski A (2010) 
Higher muscle passive stiffness in Parkinson’s disease patients 
than in controls measured by myotonometry. Arch Phys Med 
Rehabil 91(5):800–802. https:// doi. org/ 10. 1016/j. apmr. 2010. 01. 
012

 11. Van Deun B, Hobbelen JSM, Cagnie B, Van Eetvelde B, Van Den 
Noortgate N, Cambier D (2018) Reproducible measurements of 
muscle characteristics using the MyotonPRO device: comparison 
between individuals with and without paratonia. J Geriatr Phys 
Ther 41(4):194–203. https:// doi. org/ 10. 1519/ jpt. 00000 00000 
000119

 12. Muckelt PE, Warner MB, Cheliotis-James T, Muckelt R, Haster-
mann M, Schoenrock B et al (2022) Protocol and reference val-
ues for minimal detectable change of MyotonPRO and ultrasound 
imaging measurements of muscle and subcutaneous tissue. Sci 
Rep 12(1):13654. https:// doi. org/ 10. 1038/ s41598- 022- 17507-2

 13. Zinder SM, Padua DA (2011) Reliability, validity, and precision 
of a handheld myometer for assessing in vivo muscle stiffness. J 
Sport Rehabil. https:// doi. org/ 10. 1123/ jsr. 2010- 0051

 14. Compston A (2010) Aids to the investigation of peripheral nerve 
injuries. Medical Research Council: Nerve Injuries Research 

Committee. His Majesty’s Stationery Office: 1942; pp. 48 (iii) 
and 74 figures and 7 diagrams; with aids to the examination of the 
peripheral nervous system. By Michael O’Brien for the Guaran-
tors of Brain. Saunders Elsevier: 2010; pp. [8] 64 and 94 Figures. 
Brain 133(10):2838–2844. https:// doi. org/ 10. 1093/ brain/ awq270

 15. Bohannon RW (1997) Reference values for extremity muscle 
strength obtained by hand-held dynamometry from adults aged 
20 to 79 years. Arch Phys Med Rehabil 78(1):26–32. https:// doi. 
org/ 10. 1016/ s0003- 9993(97) 90005-8

 16. Enright PL (2003) The six-minute walk test. Respir Care 
48(8):783–785

 17. Halliday SJ, Wang L, Yu C, Vickers BP, Newman JH, Fremont 
RD et al (2020) Six-minute walk distance in healthy young adults. 
Respir Med 165:105933. https:// doi. org/ 10. 1016/j. rmed. 2020. 
105933

 18. Heckmatt JZ, Leeman S, Dubowitz V (1982) Ultrasound imag-
ing in the diagnosis of muscle disease. J Pediatr 101(5):656–660. 
https:// doi. org/ 10. 1016/ s0022- 3476(82) 80286-2

 19. Thong ISK, Jensen MP, Miró J, Tan G (2018) The validity of pain 
intensity measures: what do the NRS, VAS, VRS, and FPS-R 
measure? Scand J Pain 18(1):99–107. https:// doi. org/ 10. 1515/ 
sjpain- 2018- 0012

 20. Myoton AS (2023). Myoton technology. https:// www. myoton. 
com/ techn ology/. Accessed 22 Jan 2023s

 21. Moreta MC, Fleet A, Reebye R, McKernan G, Berger M, Farag J 
et al (2020) Reliability and validity of the modified heckmatt scale 
in evaluating muscle changes with ultrasound in spasticity. Arch 
Rehabilit Res Clin Transl 2(4):100071. https:// doi. org/ 10. 1016/j. 
arrct. 2020. 100071

https://doi.org/10.1097/wco.0000000000000589
https://doi.org/10.1097/wco.0000000000000589
https://doi.org/10.1016/j.apmr.2011.09.014
https://doi.org/10.1016/j.apmr.2011.09.014
https://doi.org/10.1016/j.apmr.2010.01.012
https://doi.org/10.1016/j.apmr.2010.01.012
https://doi.org/10.1519/jpt.0000000000000119
https://doi.org/10.1519/jpt.0000000000000119
https://doi.org/10.1038/s41598-022-17507-2
https://doi.org/10.1123/jsr.2010-0051
https://doi.org/10.1093/brain/awq270
https://doi.org/10.1016/s0003-9993(97)90005-8
https://doi.org/10.1016/s0003-9993(97)90005-8
https://doi.org/10.1016/j.rmed.2020.105933
https://doi.org/10.1016/j.rmed.2020.105933
https://doi.org/10.1016/s0022-3476(82)80286-2
https://doi.org/10.1515/sjpain-2018-0012
https://doi.org/10.1515/sjpain-2018-0012
https://www.myoton.com/technology/
https://www.myoton.com/technology/
https://doi.org/10.1016/j.arrct.2020.100071
https://doi.org/10.1016/j.arrct.2020.100071

	Evaluation of myotonometry for myotonia, muscle stiffness and elasticity in neuromuscular disorders
	Abstract
	Introduction
	Methods
	Study setting and patient population
	Examination and methods
	Statistical analysis

	Results
	Baseline demographic and characteristics
	Conventional muscle testing
	Objective assessments: dynamometry and MyotonPRO® results
	Parameters of the MyotonPRO®
	Study limitations

	Discussion
	Acknowledgements 
	References




