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Abbreviations 
6MWT 

BDI-FS 

BPI 

DASS 

Six-minute-walk-test  

Beck depression inventory – fast screen 

Beck pain inventory 

Depression, Anxiety and Stress Scale  

DGM Deutsche Gesellschaft für Muskelkranke 

DM1 Myotonic dystrophy type 1 

DM2 Myotonic dystrophy type 2 

FSHD 

GPQ 

Facio-scapulo-humeral muscle dystrophy  

German Pain Questionnaire 

IBM Inclusion Body Myositis 

LOPD 

MFHW 

Late Onset Pompe Disease  

Marburg Questionnaire 

NMD Neuromuscular diseases 

PROM 

QoL 

Patient reported outcome measure 

Quality of Life 

QMFT Quick motor function test 

SMA Spinal muscular atrophy 

SMA3 Spinal muscular atrophy type 3 (walkers) 
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Introduction  

Many studies aimed to identify components that are associated with pain in neuromuscular 

diseases. Psychological and emotional components (e.g. psychological functioning), decreased 

quality of life, and female gender have been frequently mentioned in various studies. However, 

numerous other factors that may be associated with pain perception should not be neglected, for 

example, the number of pain locations, disturbed role or social functioning, low levels of general 

health, activity in daily life, inability to cope with stress adequately, the BMI, sleep disturbances, 

leisure, work or general mobility. [3-9]  

Background 

While nociception describes the neuronal coding of noxious stimuli, the IASP (International 

Association for the Study of Pain) [10] defines pain as an unpleasant sensory and emotional 

experience that can be caused by actual tissue damage or just be interpreted as such [11]. In this 

context, interpretation i.e., subjective cortical evaluation is essential for experience of pain: pain 

cannot arise from nociceptive afferents alone [10, 12].  

The individual's perception of pain is very heterogeneous and based on an interaction of 

exogenous and endogenous influences. Some factors may have a direct influence on pain, for 

example, genetic and epigenetic factors that interact with the expression of biological signaling 

pathways [13]. However, a variety of other factors, including age or ethnicity, merely modify the 

perception of pain [14, 15].  

The role of gender in the perception of pain is also widely discussed. The prevalence of common 

forms of pain is higher in women than in men [3, 8, 14]. Regarding sex differences in the research 

of pain perception, potential etiological factors for the origin of pain, such as the influence of sex 

hormones, endogenous opioid structures, pain coping factors, cognitive factors and stereotypical 

gender roles, have been mentioned [8, 9]. 

According to a biopsychosocial model by John D. Loeser [7, 16, 17], individual pain perception is 

additionally influenced by four psychological processes: attention (distraction from or focus on 

pain), cognitive setting (catastrophizing, negative or positive thoughts, expectations), emotions 

(anxiety, depression, stress, positive feelings), and coping strategies (e.g., avoidant behavior). A 

biopsychological model as the most comprehensive explanation behind the etiology of pain is 

needed  to understand pain, emphasizing the importance of biological, psychological and 

sociological factors [17]. All these factors together form a complex, mutually influencing system 

that is far from being understood.[15].  
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Study objectives and study setting 

The explorative, cross-sectional clinical pilot study intended to identify possible differences in 

prevalence, localization, severity and characteristics of muscle pain across the spectrum of the 

examined neuromuscular diseases. The second main objective was to find out whether gender, 

muscle strength and psychological factors, especially the emotional component, affected the 

patients` nociceptive pain. Another secondary objective was to determine whether changes in 

muscle frequency, stiffness, relaxation and creep are related to muscle pain. 

 

Figure 1 Classification of disease patterns  

Only patients with genetically or histologically confirmed diseases have been chosen to 

participate in the study (marked red in figure 1). Summarized, 81 patients have been enrolled for 

this study: 12 patients with genetically confirmed myotonic dystrophy type 1, 12 patients with 

genetically confirmed myotonic dystrophy type 2, 13 patients with Pompe disease, 20 patients 

with spinal muscular atrophy type 3 (walkers),12 patients with facioscapulohumeral muscular 

dystrophy and 12 healthy participants for the control group. We expanded the SMA subgroup to 

20 patients because we presented interim results concerning nociceptive pain in SMA patients in 

our first publication.  
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25 subjects had an excessively high score on the BDI-FS at screening. As the presence of major 

depression is possible in these patients and my affect the perception of nociceptive pain 

negatively, they were excluded from participation in this study. We also planned to include 12 

patients with histologically confirmed inclusion body myositis, but lack of interest in the study and 

willingness to participate resulted in the enrollment of only 4 patients. Furthermore, the mean age 

of the IBM patients would have been much higher than the mean age of the other subgroups, so 

the comparison would be difficult to make (the mean age of the IBM group would be approximately 

80-90 years, the mean age of the other groups between 39 and 49 years).  So, after examination 

of 4 IBM patients, we decided to exclude them from the study. 

All patients underwent the study protocol (figure 2). Inclusion and exclusion criteria, a description 

of methods and all performed tests are described in our first publication in detail [1]. In brief, 

patients first underwent a screening for depression using the BDI-FS, suggesting that a manifest 

depression would cause bias in the exploration of pain perception. We excluded 22,5% (25 

subjects) of all screened patients due to a score ≥4 at screening. All patients completed pain-, 

fatigue- or quality of life-related questionnaires, including questions about depression, anxiety and 

stress. The clinical examination consisted of an evaluation of muscle strength (MRC grading and 

dynamometry including hand-held dynamometry), motor function (QMFT), pressure pain 

threshold (PPT), myotonometry and a 6MWT (including PPT testing of the legs before and after 

conduction of the 6MWT). The detailed study setting is shown in figure 2. 

In the first publication, we presented interim results of the study about a group of 20 SMA patients. 

We focused on the first objective of the study: pain prevalence, localization, duration and 

characteristics of the patients were described in detail. Because of the great differences between 

female and male patients, results were divided by gender. We also showed a significant 

correlation between muscle pain in different body regions and decreased muscle strength by 

performing a linear regression analysis.  

All 81 patients of the study were included in the second publication. As in the first publication, we 

described pain characteristics in detail but are now categorized by disease rather than by gender. 

Based on the results of our interim publication, we used multiple regression analyses to show a 

significant correlation between patients' musculoskeletal pain and muscle strength. Based on the 

literature review, we also included gender and psychological components in these analyses. We 

additionally analyzed the MyotonPro® values and their correlation with the PPT values of the 

neck muscles of all patients. 
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Figure 2 Study setting with inclusion criteria 

Inclusion criteria: adult patients aged ≥ 18 years with histologically  genetically confirmed inclusion 
body myositis (IBM), genetically confirmed late-onset Pompe disease (LOPD), genetically 
confirmed 5q-spinal muscular atrophy type 3 (SMA) , genetically confirmed facio-scapulo-humeral 
muscle dystrophy (FSHD), genetically confirmed myotonic dystrophy type 1 or 2 (DM1, DM2) and 
healthy volunteers —>all patients were screedes for eligibility (n=111)

Depression screening using the Beck Depression Inventory-Fast Screen (BDI-FS)

score ≤3 (n=81)

Completion of the following questionnaires: BPI 
(Brief Pain Inventory), German pain questionnaire 
(shortened version of modules A and S as well as 

modules L and V) and FSS (Fatigue Severity 
Scale)

Examination of specific muscles* with an algometer to assess pressure pain threshold (PPT)

Clinical examination of muscle strength of specific muscles* using Medical Research Council 
(MRC) grading scale and for quantification a hand-held dynamometer and muscle function using the 

Quick Motor Function Test (QMFT)

Participation in the study is 
not possible 

score ≥ 4 (n=25)

Conduction of a 6-minute walk test (6MWT) including evaluation of the onset, intensity and quality 
of muscle pain during the walk test and repitition of algometer measurement on the rectus femoris 

and the gastrocnemius muscles before and after completing the 6MWT

*The examined muscles (each bilateral) in full or in part: levator shoulder, deltoid, arm flexor and extensor, wrist 
extensor, finger flexor, hip flexor, knee flexor, knee extensor, foot extensor, foot flexor, neck flexor, neck extensor 
and core muscles; 

Examination of specific muscles* by non-invasive myotonmoetry (Myoton Pro) to assess muscle 
properties such as stiffness, frequency, elasticity, relaxation and creep 
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Limitations and discussion of the methods 
A method-critical part supplements the discussion. As the study is a pilot study, a method-critical 

part is useful to improve the quality of data collection for further or similar studies. 

 

The advantage of the study was certainly that I had seen and examined each of the patients 

myself. So, there was no bias due to many investigators. A precise planning of the procedure 

turned out to be essential for the study (figure 2). At the beginning of the data collection, I carried 

out some test runs with healthy test subjects and employees of the Friedrich-Baur Institute to 

familiarise myself with the methodology. I did not include these runs in the study. The case report 

form (appendix) shows the order in which I carried out the tests. 

 

It made sense to collect the demographic data and questionnaires at the beginning of the study. 

This usually took more than an hour, often accompanied by problems such as language barriers 

and general comprehension problems. The physical examinations then took a further two hours. 

The muscle strength exercises were strenuous for the patients, so it made sense to give them a 

"break" while performing the myotonometry. It also helped to perform the 6MWT at the end of the 

procedure, because it was most exhausting for the patients. To improve the quality of the study, 

I can only suggest shortening the entire study to a maximum of two hours. The patients' attention 

and energy levels decreased towards the end of the study, which is likely to affect the data quality.  

Another rationale for administering the questionnaires at the beginning of the study were the 

inclusion criteria. Due to the criteria, patients with a BDI FS >4 were excluded from participation 

in the study, as the presence of severe depression could not be ruled out. I conducted this test 

initially to avoid examining patients who were not eligible for study participation. I invited some 

patients via the DGM central register for myotonic dystrophies: after completion of the BDI-FS, 

some of them were found to be ineligible to take part in the study. Unfortunately, some of these 

patients had travelled several hours. I would therefore recommend sending the BDI-FS by email 

in advance for future studies in order to check the inclusion criteria and avoid patients travelling 

unnecessarily. I implemented this later during the study, but some patients, particularly older 

patients, faced difficulties with the mailing and uploading of the BDI-FS due to their limited 

technical knowledge, which could cause a potential bias.  

Most of the time, the strength exercises and myotonometry worked without problems. I had to 

pay attention to the correct posture: I always examined certain muscles in the prone position, 

others always in the supine or sitting position. The problem arose that some patients developed 

breathing problems in the prone position and could only lie on their stomachs for a short time or 

not at all. Extreme obesity was also a problem here. It was important to ensure that the patients 

completely relaxed their muscles, as otherwise, the results would have been distorted and were 

not comparable. Measurements had to be taken very carefully at the same measurement point 

of the muscle and at the same angle (figure 1). Apart from the fact that the patients were 
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sometimes very ticklish during myotonometry, this examination was very reliable, quick and 

easy to carry out. 

 

Figure 1 The range of measurement axis of the Myoton Pro [18]  
The angle of measurement exceeding 1000 from the vertical position must be avoided  
 

Attention also had to be paid to the acceleration curve result (figure 2) immediately after the test 

was carried out, as otherwise, the examination of the corresponding muscle had to be repeated. 

I had to ensure that the result of each measurement was a “soft tissue oscillation acceleration 

signal” with at least three positive peaks and that measurements were not distorted by short-

term disconnection to the tissue or dysfunction of the device. For future studies with the 

MyotonPro®, I recommend a sufficient training period with the device. 

 

Figure 2 Soft tissue oscillation acceleration signal [18] 
 

 

The measurements with the algometer also worked without any problems for the most part. 

However, I recommend going through one or two test exercises with the patient first. Some had 
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difficulties understanding what exactly was meant by the pressure pain threshold. The 

misunderstanding with some patients was that they did not report when the pressure was 

perceived as painful, but when it became unbearable. Therefore, it makes sense to carry out a 

few test exercises first to ensure the patient has understood their task. As I always carried out 

each algometer measurement three times per muscle and averaged the results, I can also say 

that the measurement of the pressure pain threshold works very accurately, as there were hardly 

any outliers in most patients. Here, I can confirm the reliability of the algometer [19]. In addition, 

the algometer measurement was very strenuous for me as the person examining due to the 

constant pressure. This naturally leads to a bias in the process. I solved this by not carrying out 

the algometer measurement for each muscle three times in a row, but three times for the entire 

algometer measurement procedure. This aimed to ensure that I did not have less strength in 

certain muscle groups, e.g., always in the leg muscles.  

The QMFT was also easy to perform.  A standing jump was one of the "exercises" to be performed 

as part of this test. Some patients wanted to try this test, although they seemed too unstable and 

muscularly weak for this exercise. I sometimes omitted this exercise as I didn't want to endanger 

any patient. 

The 6MWT was overall easy to perform. However, it should be mentioned here that some patients' 

diseases were already very advanced, meaning that they already had very limited muscle 

strength. I included some patients in the study during their stationary stay at the LMU clinic. As 

the 6MWT took place in the outpatient clinic, the journey from the ward to the outpatient clinic 

alone was exhausting for many patients and would have falsified the results of this exercise test. 

I can therefore recommend that patients who are still able to walk should also be transported to 

the route for the 6MWT in a wheelchair so that they do not overexert themselves before the test 

begins. Before and after the 6MWT, I measured the pressure pain threshold of the leg muscles 

using the algometer. This revealed a problem with the patient's clothing. Some patients wore short 

sports trousers, and some wore thicker pants, especially in cold temperatures. During the 

examination, I always continuously measured the pressure pain threshold directly on bare skin. 

Of course, the measurement through clothing can hardly be compared with the measurement on 

bare skin. As the 6MWT was the last test to be carried out, patients were often unwilling to change 

their clothes for it. The idea of going into an examination room directly before and after the test to 

carry out the algometer measurements also failed due to logistical problems. There was often no 

free room available, or the journey to such a room was too far and too strenuous for the patients. 

This meant that algometer measurements before and after the 6MWT could be compared, but 

not between different patients.  

When carrying out the questionnaires, very precise attention was paid to descriptive elements of 

pain to differentiate between neuropathic and nociceptive pain, as can be seen in the results [1, 

2]. The majority of the pain was not clearly attributable to nociceptive or neuropathic pain. By 

measuring the pressure pain threshold in different muscles, however, the patients' muscle pain, 
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i.e., the nociceptive pain, was measured specifically. The algometer measurement is a reliable 

and objective method to determine local pain [14]. 

Publication I 

The first publication [1] investigated nociceptive pain in 20 patients with longstanding spinal 

muscular atrophy type 3 (walkers) in comparison with a control group (12 participants).  

 

Fatigue was present in 50% of the SMA cohort and pain in 55%. This study investigated pain 

characteristics in these patients in detail: patients reported pain in high variability in intensity and 

localization (lumbar spine, legs and neck), mostly suffering from pain attacks (81,8%) with a 

duration of minutes or seconds. Patients described the pain as pulling and oppressive. Women 

with SMA 3 reported musculoskeletal pain significantly more often (31% of men and 100% of 

women, p=0.003) and in more body regions than male patients (3.9 ± 2.6 vs 1.5 ± 0.6). Whereas 

the pain severity score was higher in women than in men (4 ± 3.8 vs 2.8 ± 1.3), pain interference 

score was higher in men (11.5 ± 13.9 vs 7.1 ± 9.8), especially in the categories walking, work and 

enjoyment of life. All patients received nusinersen as SMA specific treatment, but none of them 

reported an impact on pain perception.  The study also investigated pain triggers (especially 

physical exertion) and pain relievers (especially relaxation and specific physical exercises such 

as physiotherapy). This is particularly interesting because muscle training seems to be both a 

potential pain trigger and reliever. Specific exercises in combination with physiotherapy seem to 

be beneficial for pain relief but overstressing of muscles due to too much exercise seems to be 

detrimental. According to the results, physical training is beneficial if it is related to specific 

exercises and the muscles are not overloaded.  

 

I performed a linear regression analysis to examine the correlation between muscle strength and 

nociceptive pain. Therefore, I summarized the PPT dynamometer scores for four different body 

regions: the arm, leg, shoulder/neck and trunk region. According to the linear regression model, 

lower scores in PPT (reflecting a higher sensitivity of the muscles on pressure) correlate with 

lower scores in dynamometry (reflecting lower muscle strength). The linear regression analysis 

was significant for the arm (p = 0.041*) and leg region (p = 0.024*), but not for the shoulder/neck 

region or the trunk region. A lower score in dynamometry is associated with lower scores in PPT 

in the arms and legs. This reflects a higher sensitivity of the muscles of the arm and leg region to 

pressure pain.  

Although women reported experiencing pain more frequently and with greater severity than men, 

they exhibited higher levels of habitual well-being and lower scores for depression, anxiety, and 

stress (according to patient-reported outcome findings). These findings suggest that these 

psychological comorbidities do not influence the heightened perception of pain in women. 
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I assessed PPT values of the gastrocnemius and rectus femoris muscles before and after 

performing the 6MWT. The pre-post difference was only statistically significant for male patients' 

rectus femoris muscle on the right side (p = 0.034). In summary, changes in the PPT before and 

after the 6MWT did not indicate clinically meaningful results, such as induction of muscle pain. 

 

There were no significant correlations between PPT values and MyotonPro measurements, 

suggesting that nociceptive pain in SMA3 is primarily due to muscular weakness rather than 

changes in muscle properties like stiffness, frequency, decrement, relaxation, or creep. 

Publication II 

The second publication aimed to extend research in patients with other neuromuscular diseases. 

Therefore, patients with late-onset Pompe disease (LOPD), myotonic dystrophy type 1 (DM1), 

myotonic dystrophy type 2 (DM2), and facio-scapuloo-scapular-humeral muscle dystrophy 

(FSHD) were additionally included in this second study.  

 

According to pain characteristics, we found highly significant results. Patients with DM2 and FSHD 

had a significantly higher prevalence of pain. FSHD patients reported pain mainly in the shoulders 

and neck, and DM2 patients, especially in the thighs, calves, and gluteal muscles. We also found 

significantly higher values of impairment of pain in daily life and levels of fatigue in DM2 patients 

when compared to the other examined NMDs and the healthy control group. 

 

The objective of the study was to identify variables influencing nociceptive pain in NMD patients. 

Results of the linear regression model in the first publication about the SMA cohort showed an 

association of pressure pain sensitivity (assessed by PPT) with female gender and decreased 

muscle strength.  Psychological facts did not significantly correlate with nociceptive pain in women 

in this cohort. Thus, in literature, there is much evidence that psychological aspects influence pain 

[17]. I conducted a multiple regression analysis based on the literature and our previous research 

in the first publication. As the dependent variable, I determined PPT sum scores of the four body 

regions to reflect nociceptive pain. As the independent variables, I chose QMFT/MRC, FSS points 

and gender. To represent patients' muscle strength and motor function, I chose the QMFT as the 

representing variable because it showed strong Pearson correlations with the 6MWT, the 

dynamometer of the leg region, the dynamometer of the arm region and the MRC sum scores. 

So, the assumption of multicollinearity could be excluded by just including the QMFT as the 

independent variable. I included gender as a dummy variable in the multiple regression analysis. 

To include psychological and emotional aspects of pain, I used data from the patient-reported 

outcome measures (questionnaires about fatigue, anxiety, depression, stress and the MFHR 

about general well-being). 
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To avoid multicollinearity as a potential source of bias, I chose the FSS score to represent 

psychological aspects: The FSS showed strong Pearson correlations with the scores of the DASS 

and the MFHR. Detailed statistical methods  for the multiple regression analysis are explained in 

our publication [2]. I performed three multiple regression analyses for each of the leg, arm and 

shoulder/neck regions to identify regression coefficients and their significance in the prediction of 

PPT values (dependent variable). In the model for the leg region (significance of the regression 

model: <0.001**; f2 Cohen: 0.302, assuming a medium effect;), the QMFT (0.004**) and gender 

(0.031*) of the participants were highly significant variables. In the regression model for the arm 

region (significance of the regression model: <0.001**, f2 Cohen: 0.4388 assuming high effect), 

the QMFT (0.005**), the patient’s gender (<0.001**) and the FSS points (0.03*) were significant. 

In the regression model for the neck/shoulder region (significance of the regression model: 

<0.001**, f2 Cohen: 0.289 assuming medium effect), MRC of the neck muscles (0.028*), gender 

(0.005**) and FSS points (0.006**) were significant variables. In summary, the results of these 

three multiple regression analyses show that patients who have more muscle strength in the 

extremities are likely to experience less muscle pain in these regions. 

In contrast, muscle strength of the neck muscles showed a negative correlation (correlation 

coefficient: -1.44, p=0.028*), assuming that higher muscle strength of the neck muscles is 

correlated to a heightened sensitivity to pressure. Over all three analyses, the female gender is 

associated with lower values of pain pressure threshold, which is consistent with literature [3, 7-

9, 14]. The FSS showed a significant correlation for the arm region (correlation coefficient: -1.02, 

p=0.03*) and for the neck/shoulder region (correlation coefficient: -1.96, p=0.006**). So, higher 

fatigue levels correlate with lower PPT scores (higher sensitivity to pressure) in these regions. 

These findings emphasize the importance of emotional components in the perception of pain [16, 

17]. Psychological therapy approaches should, therefore, not be neglected when dealing with 

muscle pain, especially in female patients. 

The second objective of this study was to determine the influence of muscle properties on patients' 

musculoskeletal pain. Therefore, non-invasive myotonometry by the MyotonPro was used to 

identify stiffness, frequency, relaxation, elasticity and creep of the neck extensor muscles of all 

81 examined patients. I performed eight correlations between PPT values of the neck and the 

corresponding muscle properties. After Bonferroni correction, I found significant positive 

correlations with frequency (muscle tone of the neck muscles) (p=0.003**) and stiffness 

(resistance of the muscles to external deformation) (p=0.004**) and significant negative 

correlations with relaxation (time of recovery after deformation) (p=0.005**)  and creep 

(p=0.002**). In summary, decreased pressure sensitivity (high PPT) is associated with high 

muscle tone, high resistance and short recovery time of the neck muscles. These findings suggest 

that muscle properties of the neck muscles play an important role in neck pain in patients with 

NMDs. 
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Outlook 
The presentation of pain characteristics among the different NMD groups in this pilot study 

contributes to a greater overview and better comparability of the symptomatology in NMDs. It also 

highlights the variety, complexity and diversity of factors in the development and perception of 

muscle pain. More research in this area will be needed in the future to better understand 

influences on muscle pain and to develop therapeutic options as well as individualized and 

interdisciplinary approaches for its treatment. 
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the study protocol and received positive approval to conduct the study from the ethics committee 

of the Medical Faculty of the Ludwig-Maximilians-University Munich on 14.01.2021. The research 

project was funded by the DGM.  Prof. Dr Benedikt Schoser supervised the project throughout its 

entire duration.  

Recruitment of the patients began in January 2021. As part of the structured doctoral programme 

at LMU Munich, I worked full-time on the project from February 2021 to October 2021 for 8 

months. A large part of the data recruitment took place during this time. I managed patient 

recruitment, study organization, data collection (interviews, motoric tests such as the QMFT and 

the 6MWT, questionnaires, tests with a PPT algometer and MyotonPro) and data entry. This 

consisted of selecting and contacting suitable patients, making appointments and carrying out the 

study procedures, which took 3-4 hours per patient. At the beginning of the data collection, 

Corinna Wirner-Piotrowski introduced me to the study's methodology. I saw all the patients of this 

study and conducted all the data collection myself. During this time, I was independently 

responsible for the project.  

I carried out the literature search, literature review, statistical analysis, interpretation and 

discussion of the results, tables, figures, first and final manuscript drafts, editing, submission 

process, and revisions independently.  

PD Dr Stephan Wenninger supported the critical revision of the manuscripts, the discussion of 

results, and the revision process and was supervised by Prof. Dr Benedikt Schoser.  
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Summary 

Nociceptive pain significantly impacts patients with NMDs and severely diminishes their quality of 
life.  This cumulative dissertation comprised two publications about one pilot study, including one 
publication about 20 patients with SMA3 [1] and another publication about 81 patients with various 
NMDs, including SMA3, LOPD, FSHD, DM1, DM2 and a healthy comparison group [2]. This study 
evaluated patient-reported outcomes, motor function and muscle strength (using dynamometry 
and the Quick Motor Function Test [QMFT]), nociceptive pain (using Pressure Pain Threshold 
[PPT]), and muscle properties through non-invasive myotonometry. 
This clinical study intended to identify variations in pain prevalence and characteristics among 
the six NMDs compared to a healthy control group and to determine whether gender, muscle 
strength, and emotional factors influence patients’ nociceptive pain. Among SMA patients, 
significantly more women than men experienced musculoskeletal pain [1]. The findings also 

highlight the role of muscle weakness in nociceptive pain: nociceptive pain in SMA patients 

seems to be associated with a dysbalanced muscular system because of decreased muscle 

strength. In the broader NMD cohort [2], pain prevalence varied significantly, with DM2 and 
FSHD patients experiencing higher pain levels than other NMD subgroups and the control 
group. Factors such as female gender, high fatigue levels (indicative of depression, anxiety, 
stress, and impaired quality of life), and low QMFT scores (indicating decreased muscle 
strength) showed a significant association with heightened pressure pain sensitivity in the arms 
and legs.  
A secondary aim was to investigate whether muscle properties like frequency, stiffness, 
relaxation, and creep (assessed by myotonometry) are related to muscle pain. For SMA3 
patients, muscle pain was connected to muscle weakness but not to changes in muscle 
properties [1]. In the cohort with more NMDs [2], findings were different: higher muscle tone, 
higher stiffness, and shorter relaxation time in muscles of the neck correlated significantly with 
reduced pain, emphasizing the importance of intrinsic muscle tone for pressure pain sensitivity 
in the neck muscles. 
In conclusion, a review of this pilot study in conjunction with a literature search indicates that the 
influence of emotional and psychological factors such as anxiety, stress, depression and fatigue 
should not be overlooked. This expanded understanding of the origin of pain demonstrates the 
necessity for an interdisciplinary approach to its treatment, in addition to physical treatments, 
particularly in female patients with NMDs.   
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Zusammenfassung 

Nozizeptive Schmerzen beeinträchtigen Patienten mit NMDs erheblich und schränken ihre 

Lebensqualität stark ein. Diese kumulative Dissertation umfasste zwei Veröffentlichungen im 

Rahmen einer Pilotstudie, darunter eine über 20 Patienten mit SMA3 und eine weitere über 81 

Patienten mit verschiedenen NMDs, darunter SMA3, LOPD, FSHD, DM1, DM2 und eine gesunde 

Kontrollgruppe. In dieser Studie wurden die von den Patienten berichteten, subjektiven 

Wahrnehmungen über Schmerzen und Lebensqualität, deren motorische Funktion und die 

Muskelkraft (mit Hilfe der Dynamometrie und des Quick Motor Function Test [QMFT]), die 

nozizeptiven Schmerzen (mit Hilfe des Pressure Pain Threshold [PPT]) und die 

Muskeleigenschaften mit Hilfe der nicht-invasiven Myotonometrie untersucht. 

In der klinischen Studie sollten die Unterschiede in der Schmerzprävalenz und -charakteristik der 

sechs NMD-Untergruppen im Vergleich zu einer gesunden Kontrollgruppe ermittelt werden. 

Außerdem sollte festgestellt werden, ob Geschlecht, Muskelkraft und emotionale Faktoren die 

nozizeptiven Schmerzen der Patienten beeinflussen. Unter den SMA-Patienten litten deutlich 

mehr Frauen als Männer unter Schmerzen des Bewegungsapparats. Die Ergebnisse 

unterstrichen auch die Rolle der Muskelschwäche bei nozizeptiven Schmerzen: Nozizeptive 

Schmerzen bei SMA-Patienten schienen mit einer gestörten Muskelbalance als Folge einer 

verminderten Muskelkraft verbunden zu sein. In der breiteren NMD-Kohorte variierte die 

Schmerzprävalenz erheblich, wobei DM2- und FSHD-Patienten eine höhere Schmerzprävalenz 

und -intensität aufwiesen als andere NMD-Untergruppen und die Kontrollgruppe. Faktoren wie 

das weibliche Geschlecht, ein hohes Maß an Fatigue (das auf Depression, Angst, Stress und 

eingeschränkte Lebensqualität hinweist) und niedrige QMFT-Werte (die auf eine verminderte 

Muskelkraft hindeuten) zeigten einen signifikanten Zusammenhang mit einer erhöhten 

Druckschmerzempfindlichkeit in Armen und Beinen.  

Ein sekundäres Ziel war es, zu untersuchen, ob Muskeleigenschaften wie Frequenz, Steifheit, 

Relaxation und Creep  (Verhältnis von Relaxation und Deformationszeit) mit Muskelschmerzen 

in Verbindung stehen. Bei SMA3-Patienten standen die Muskelschmerzen in Zusammenhang mit 

der Muskelschwäche, nicht aber mit Veränderungen der Muskeleigenschaften [1]. In der Kohorte 

mit allen NMDs verhielten sich die Ergebnisse anders: ein höherer Muskeltonus, eine höhere 

Steifheit und eine kürzere Entspannungszeit in den Nackenmuskeln korrelierten signifikant mit 

geringeren Schmerzen, was die Bedeutung des intrinsischen Muskeltonus für die 

Druckschmerzempfindlichkeit in den Nackenmuskeln unterstreicht [2]. 

Zusammenfassend zeigt eine Überprüfung der Studie in Verbindung mit einer Literaturrecherche, 

dass der Einfluss emotionaler und psychologischer Faktoren wie Angst, Stress, Depression und 

Fatigue nicht unterschätzt werden sollte. Dieses erweiterte Verständnis der Entstehung von 

Schmerzen zeigt die Notwendigkeit eines interdisziplinären Ansatzes bei der 

Schmerzbehandlung von Patienten mit NMDs, insbesondere bei Patientinnen. 
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Fig. 2. Pain body maps for the different subgroups DM1 (picture 1), DM2 (picture 2), LOPD (picture 3), SMA (picture 4), FSHD (picture
5) and the control group (picture 6) indicating the frequency of pain in different colors from a low frequency (blue) to a high frequency (red)
in different locations.



Publication II 40 

 

 

 

 



Publication II 41 

 

 

 



Publication II 42 

 

 

 



Publication II 43 

 

 

 

 

10 E. Sagerer et al. / Nociceptive Pain in Patients with Neuromuscular Disorders

sensitive to pain pressure threshold measures than
women. In a 2009 study [22], Fillingim et al. showed
that overall, women are more sensitive to mechani-
cally induced pressure than to other noxious agents
and are more likely to develop and maintain muscu-
loskeletal pain conditions. In another study, women
showed higher sensitivities to musculoskeletal pain
[19]. Differences in the gender-specific perception of
pain are frequently reported, but their cause is not yet
fully understood. The influence of sex hormones and
endogenous opioid structures, as well as psychoso-
cial differences in coping strategies, early childhood
stress or the influence of stereotypical gender roles
and the associated social gender bias in dealing with
pain are widely discussed [5, 19]. The influence of
these factors needs to be further investigated in future
studies to better understand and treat pain perception,
especially in female patients.

Psychological components greatly influence the
perception of pain [10]. The influence of the FSS was
significant for the arms, neck, and shoulder regions,
but not for the leg region. An increase of FSS points,
reflecting higher levels of fatigue, resulted in lower
PPT scores (and so in higher muscular sensitivity to
pressure).

The analysis of the MyotonPro is shown in Table 6.
Frequency is measured in Hz and characterizes the
intrinsic tension of the neck muscles in a resting
and not contracted state [17]. The positive correla-
tion with frequency suggests that higher PPT values
(decreased sensitivity to pressure) are associated with
increased muscle tone of the neck muscles. Con-
sequently, neck muscles with low intrinsic tension
seem to be more likely to cause neck pain. Dynamic
stiffness is measured in N/m and characterizes the
resistance of the muscle to an external deformation
[17]. The positive correlation we found in the analy-
sis suggests that high resistance to the external force
of deformation leads to less sensitivity to pressure-
induced pain. Mechanical stress relaxation time is
measured in ms and shows how fast a muscle can
recover after deformation. The parameter of creep
is the relaxation time to the total deformation time.
The higher the frequency (tension) and the stiffness
of a muscle, the shorter the recovery time (the relax-
ation), and the lower the creep [17]. The correlation
was negative for relaxation time and the creep of the
neck muscles indicating that PPT values are higher
(pain sensitivity is decreased) when muscle recovery
time is shorter. In conclusion, less pain seems to be
experienced in neck muscles with a high muscle tone,
high stiffness (resistance), high structural integrity

and a short relaxation time. These factors signifi-
cantly interacted with our cohort group’s perception
of neck pain.

With regard to DM1 and DM2, the symptom
of myotonia must also be addressed. This is char-
acterized as involuntary muscle contraction with
delayed relaxation and can therefore also influence
the MyotonPro measurements. Due to the parallel
presence of myotonia and pain, alternative treatment
options are also available for myotonic dystrophies.
Mexiletine, for example, is used both to treat myoto-
nia and for pain therapy [23].

However, as shown in the multiple regression anal-
ysis, the interaction of factors is more complex, and
the origin of neck pain must be investigated in further
studies.

Study limitations

Because the examined neuromuscular diseases
are quite rare, selecting completely homogenous
groups was impossible. Despite this, we examined
neuromuscular subgroups and a control group for
comparison, which did not differ significantly in
the categories of gender, age at baseline, and BMI.
We used validated questionnaires to minimize bias.
Nociceptive pain was distinguished from neuropathic
pain by precisely describing the reported pain. We
are aware that the recruitment of patients through
a patient organization or recruitment in neuromus-
cular expert centers may have a potential source of
selection bias, as the participating group may be
particularly motivated and perhaps more severely
affected. Since patients with severe depression were
excluded from study participation and severe men-
tal illnesses are likely to interact with the perception
of pain, this adapted patient group can cause bias.
In addition to physiological differences in pain per-
ception, the gender of the investigator may have also
biased the results. In a 2007 study by Aslaksen et
al. [24] male participants showed lower sensitivity
to pain when the examiner was female. In contrast,
in a study from Gijsbers et al. [25], men showed
a higher average pain sensitivity when tested by a
female examiner.

Pain perception in general is very heterogenous
and influenced by many known and unknown factors,
such as further psychological aspects, medication,
social aspects and individual factors. This pilot study
is only an attempt to gain a deeper sight in the ori-
gin of muscle pain in patients with NMDs and their
influences.
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CONCLUSION

Patients with Myotonic Dystrophy type 2 had sig-
nificantly higher levels of pain prevalence, fatigue,
and impairment of quality of life compared to other
examined NMD subgroups and the control group. In
contrast, the PPT values of the different body regions
were not significantly lower for DM2 patients than
those of the other NMD.

We performed a multiple regression analysis to
subsume most possible influences on the PPT val-
ues. Female gender, high fatigue levels (representing
factors such as depression, anxiety, stress, and impair-
ment of quality of life), and low QMFT scores
(representing reduced muscle strength) showed an
association with increased sensitivity to pressure pain
in both the arm and leg regions. These factors should
not be underestimated, especially when managing
pain in female patients with neuromuscular condi-
tions. Individualized therapeutic concepts including
psychological and physical approaches in the pain
management of patients with NMDs should be con-
sidered. Further research in this field is necessary to
gain a more detailed insight into the perception of
muscle pain.

The findings revealed that neck pain exhibited
distinct characteristics compared to pain in the
extremities. In contrast to limb pain, we observed
stronger neck muscles correlated with heightened
pressure sensitivity. The correlation between PPT
values of the neck extensor muscles and corre-
sponding MyotonPro values suggest that the intrinsic
muscular tone and stiffness of the neck muscles play
an important role in the pain pressure sensitivity of
the neck.
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Case Report Form zur Studie: „Nociceptive musculoskeletal pain in NMD“ 
 
Name: __________________________   Geburtsdatum: __________________ ID: ____     
Untersuchungsdatum:______________ Kontakt:________________________________ 
 

• Screening: 
Einverständnis  O ja   O  nein                     BDI-FS (Cut Off Wert 4): _________ 

o FSS (___P) o BPI o Deutscher Schmerzfragebogen 
 

• Demographische Daten: 
Alter: _________ Alter bei Diagnose:__________ Alter bei Beginn der Symptomatik:_______ 
Größe:_________ Gewicht:_________ Geschlecht:_________ BMI:____________ 
Karpaltunnelsyndrom:    O   JA     O   Nein      Dominante Seite:   O   Links          O   Rechts 
 

• Erkrankung:  
o DM1 o DM2 o LOPD o FSHD 
o SMA3 o sIBM o Kontrollgruppe  

Behandlung (&evtl. Mutation) __________________________________________________ 
• Medikamente: Welche Medikamentengruppe wird oder wurde ausprobiert? 

O NSAR O  Antikonvulsiva O  Analgetika O Cannabinoide 
O Antidepressiva O  Antiarrythmika O  Muskelrelaxantien O Sonstige 
O Manuelle Therapie O  Methocarbamol O O 

Was hat geholfen (und in welcher Dosierung und Frequenz)? _________________________ 
___________________________________________________________________________ 
Was hat nicht geholfen?_______________________________________________________ 
___________________________________________________________________________ 
NW?_______________________________________________________________________ 
 

• Stationärer Patient: MRC am zweiten Tag wiederholen! 
Muskel MRC(0-5) Dynamometer Algometer 3x MW(D|A) 
Deltoideus R   

 

   
 

   
 

  
 

Deltoideus L   
 

   
 

   
 

  
 

Supraspinatus R   
 

   
 

   
 

  
 

Supraspinatus L   
 

   
 

   
 

  
 

Trapezius R   
 

   
 

   
 

  
 

Trapezius L   
 

   
 

   
 

  
 

Biceps R   
 

   
 

   
 

  
 

Biceps L   
 

   
 

   
 

  
 

Triceps R   
 

   
 

   
 

  
 

Triceps L   
 

   
 

   
 

  
 

Fingerbeuger R   
 

   
 

   
 

  
 

Fingerbeuger L   
 

   
 

   
 

  
 

Handgelenkstr. R   
 

   
 

   
 

  
 

Handgelenkstr. L   
 

   
 

   
 

  
 

Hüftstrecker R   
 

   
 

   
 

  
 

Hüftstrecker L   
 

   
 

   
 

  
 

Hüftbeuger R   
 

   
 

   
 

  
 

Hüftbeuger L   
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Case Report Form zur Studie: „Nociceptive musculoskeletal pain in NMD“ 
 

Knieextension R   
 

   
 

   
 

  
 

Knieextension L   
 

   
 

   
 

  
 

Kniebeuger R    
 

   
 

   
 

  
 

Kniebeuger L   
 

   
 

   
 

  
 

Fußsenker R   
 

   
 

   
 

  
 

Fußsenker L   
 

   
 

   
 

  
 

Fußheber R   
 

   
 

   
 

  
 

Fußheber L   
 

   
 

   
 

  
 

Nackenbeuger   
 

   
 

   
 

  
 

Nackenstrecker   
 

   
 

   
 

  
 

Rumpfmuskulatur   
 

   
 

   
 

  
 

Erector. Spinae R   
 

   
 

   
 

  
 

Erector. Spinae L   
 

   
 

   
 

  
 

Warum nicht möglich? (Schmerz, Transfer, Kontraktur)______________________________ 
___________________________________________________________________________ 
Auftreten von Schmerz beim MRC Grading? _______________________________________ 

• Handdynamometer (inkl MW): 
Links     
Rechts     
• Messung mitttels MyotonPro:  O   JA        O   Nein 

 
• QMFT (Score jeweils von 0-4): 

1 2 3 4 5 6 7 8 
S: S: S: S: S: S: S: S: 

9 10 11 12 13 14 15 16 
S: S: S: S:  S: S: S: S: 

Score gesamt (0 bis 64): ____________ 
 

• 6MWT:  
Zeitpunkt SpO2 Herzfrequenz Blutdruck Borg Skala 

5 min vor 6MWT     
5 min nach 6MWT     
 Anzahl Runden =Distanz +letzte Distanz =Gesamtdistanz 
30 Meter Strecke                                                m                         m                          m 

6-MWT vollständig abgeschlossen :   O   JA       O   Nein (wie viele m geschafft:_______) 
Pausen:____________________________________________________________________ 
Gehhilfe: ___________________________________________________________________ 
Nach wie vielen Metern zum ersten Mal Muskelschmerzen/Krämpfe: __________________ 
Qualität/Intensität/Lokalisation:________________________________________________ 
Adverse Events:______________________________________________________________ 

• Algometer nach Belastung 
Algometer Rect. femoris R Rect. femoris L Gastrocnem. R Gastrocnem. L 
Vor 6MWT     

 

    
 

    
 

    
 

Nach 6MWT     
 

    
 

    
 

    
 

 
• Beschreibung Schmerz:__________________________________________________ 
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