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Abstract

:

The study aims to assess the myotonometer parameters of major pectoralis, biceps brachialis, femoral biceps and anterior tibialis in patients with Parkinson’s disease before and after medical treatment using comparisons with healthy controls. A total of 49 patients with Parkinson’s disease (69.76 ± 6.39 years) and 42 healthy controls (60.48 ± 7.62 years) were tested using MyotonPRO before and one hour after drug administration. Five parameters were recorded (frequency [Hz], stiffness [N/m], decrement, relaxation [ms] and creep). At pre-treatment assessment, significantly increased values of myotonometer parameters were recorded for major pectoralis and biceps brachialis, with the exception of decrement. Frequency and decrement were significantly higher in patients’ femoral biceps and anterior tibialis. For all assessed muscles, frequency was significantly higher in Parkinson’s disease patients one hour after medication intake. Stiffness, relaxation and creep had increased values in major pectoralis. For the lower limb muscles, decrement had greater values. We concluded that there were no significant differences of major pectoralis and biceps brachialis elasticity between patients with Parkinson’s disease and healthy controls pre and post drug administration, with improved viscoelastic properties of biceps brachialis after medication. After drug administration, no significant differences of femoral biceps and anterior tibialis stiffness were noted between patients and controls.
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1. Introduction


Parkinson’s disease is a progressive neurodegenerative disorder and is considered one of the most frequent neurological disorders [1]. It is responsible for the destruction of the brain nerve cells that produce the neurotransmitter dopamine. The loss of these specific nerve cells results in major symptoms; those typical of Parkinson’s disease are tremor, muscular rigidity and bradykinesia [2]. As the disease progresses, the changes in posture and muscular action become more obvious: the shoulders and body are bent forward, and the difficulty of movement degenerates into a general muscular imbalance. It is known from the literature that muscle rigidity and progressive loss of muscle control are the most common symptoms of Parkinson’s disease. Approximately 90% of patients are confronted with these symptoms in the course of disease progression [3]. Alterations in the structure and functionality of the musculature in Parkinson’s disease determine unfavorable changes of lifestyle in these patients. Patients can encounter difficulties in simple activities, such as changing positions in bed, lifting from a chair or fine motor activities [4]. Muscle rigidity determines the absence of normal balance of the upper limbs while walking, which leads to falls [5,6]. Starting from the early stages of Parkinson’s disease, patients have decreased muscle activity and lesser ability to modulate their muscle activities; this is manifested especially during the gait initiation phase [7]. MyotonPRO technology is a unique, reliable, precise, fast and easy-to-use research tool. The role of this tool is important for the clinical and objective evaluation of the treatment efficiency, both in terms of medical treatment and physical therapy [8,9]. This device was conceived for research, evaluation and supervision [3,5,10]. MyotonPRO records the natural oscillation cushion of the soft tissue as an acceleration signal, with a simultaneous calculus of an exterior mechanical impulse, with a reduced force, fast release and constant pre-load [4]. The technology describes a tissue using five features and through different characteristics [5]. The five specific parameters of the device are represented by the following: state of tension through oscillation frequency (Hz), biomechanical properties with the help of dynamic stiffness (N/m), elasticity represented by logarithmic decrement, viscous-elastic properties through mechanical stress relaxation time (ms) and ratio of deformation and relaxation time (creep) [5,9]. The testing allows the determination of the muscle status [3,4,8]. Moreover, the myotonometry shows excellent reliability properties for test and retest [11].



The systematic review of Ferreira-Sánchez MdR et al. compiled the objective quantitative methods (myotonometry, electromyography and elastography) for rigidity assessment in Parkinson’s disease patients [12]. These assessment tools have been used only for certain muscle groups of the upper or lower limbs; no analysis was performed for the trunk muscles. Previous studies showed that myotonometric measurements of the extensor digitorum [13] and biceps and triceps brachialis muscles [14,15] had an increased rigidity-related resting muscle stiffness in Parkinson’s disease patients compared with healthy controls.



Patients suffering from Parkinson’s disease have difficulties in performing complex fast arm movements involving also the activity of major pectoralis [16]. The study of Corcos DM et al. showed that the decline in elbow flexor peak torque is due to a decrease in the activity of the biceps brachialis [17]. A shorter duration of anterior tibialis muscle activity occurs prematurely in patients with Parkinson’s disease prior to freezing [18]. A reduced anterior tibialis activity alters foot contact patterns, increasing the fall risk [19]. Rodriguez KL et al. identified a lower modular complexity of ankle plantar flexor (anterior tibialis) and knee flexors (femoral biceps) in Parkinson’s disease patients, which may contribute to gait deficits [20].



The aim of our study is to identify the muscle mechanical properties in patients with Parkinson’s disease, before and after medical treatment (drug administration), and applying comparisons with healthy controls. We chose for testing four muscle groups that are important in daily activities in patients suffering from Parkinson’s disease: major pectoralis, biceps brachialis, femoral biceps and anterior tibialis of the dominant part. The secondary objective of our research was to analyze a possible correlation between myotonometric parameters of the assessed muscles and patients’ characteristics.




2. Materials and Methods


2.1. Participants


The participants were patients diagnosed with Parkinson’s disease (patients’ group) and healthy controls. For the patients’ group, the inclusion criteria were: people diagnosed with Parkinson’s disease who followed a specific medical treatment (different types of oral medication: Levodopa in combination with dopa-decarboxylase inhibitors, dopamine agonists, monoamine oxidase B (MAO-B) inhibitors, Catechol-O-methyl transferase (COMT) inhibitors, or amantadine. The exclusion criteria were: patients who do not take the recommended medical treatment on an ongoing basis, patients with psychiatric disorders (dementia or other disorders that affect rationality), recent surgical interventions (in the last 6 months), and other neurological disorders that lead to muscle structural changes (stroke, amyotrophic lateral sclerosis, muscular dystrophy, etc.). The control group consisted of gender and age-matched healthy controls.



The study was conducted between 15 September 2022 and 15 January 2023. Participation in the study was voluntary. Written informed consent was obtained from all the participants. The study was approved by the Ethics Committee of “Victor Babes” University of Medicine and Pharmacy, Timisoara, Romania, and was in accordance with the Helsinki Declaration (No. 49/15.09.2022).



Clinical characteristics of participants (age, weight, height and body mass index) were recorded. Disease duration and medication were also documented in Parkinson’s disease patients.



The study group consisted of 49 patients (51% women and 49% men) diagnosed with Parkinson’s disease who follow medical treatment. A total 42 healthy subjects (50% women and 50% men) comprised the control group. Table 1 presents the characteristics of Parkinson’s disease patients and controls. The two groups were homogenous, as we found no statistically significant differences in age, height, weight and body mass index. The patients included in the study were under neurological follow-up from 2 to 15 years from their diagnosis. The age of appearance of the disease in patients with Parkinson’s disease varied from 43 to 72 years old. The duration of the disease ranged from 2 to 15 years. According to the Hoehn and Yahr scale, the patients were in stages 2, 3 or 4 of the disease.




2.2. Assessments


All the participants at the study were tested at the dominant hemicorpus using a MyotonPRO device (Myoton AS, Tallinn, Estonia) (Figure 1).



The MyotonPRO system measures the following five parameters: state of tension (1. natural oscillation frequency characterizing tone or state of tension); biomechanical properties (2. dynamic stiffness, and 3. logarithmic decrement, characterizing elasticity or dissipation of natural oscillation); viscoelastic properties (4. mechanical stress relaxation time (ms), and 5. ratio of relaxation time to deformation time, characterizing creep). The data provided by the device let us analyze the oscillation frequency (Hz), which characterizes the tonus (the intrinsic tension at a cellular level). An increased muscular tonus compared to normal levels alters the conditions of blood feeding of the muscle. The increased tonus is associated with muscular pain, fatigue, overburden, the decrease of physical performance and a late recovery [21]. Dynamic stiffness (N/m) is represented by the capacity of the muscle to endure a force that alters the shape of the muscle. A rigid musculature determines an increased effort for muscular elongation in that area, producing asymmetry between the parts of the body, which disturbs the functional movement rhythm [9,22]. Elasticity represents the capacity of the muscle to regain its initial shape. The functionality of a muscle can be quantified as efficient only if the muscle regains its shape quickly in the time between two contractions. Lack of elasticity of the muscle produces fatigue more rapidly during effort; the velocity of the movement is limited, and the structure is less elastic [9,22].



Parkinson’s disease patients have changes in the center of gravity with the forward position of the body, a slightly anterior bend of the trunk with the shoulders bent forward, and semi-flexed elbows and knees. The tested musculature was chosen after the examination of the specific posture in these patients. We also considered the muscles that are most affected in usual self-care activities. We chose to test the muscles involved in the activities of daily living [6] at general level, and we included four muscle areas. The first tested muscular group is situated at the antero-superior trunk and is represented by the major pectoralis muscle; the second muscular group was tested at the dominant superior limb on the biceps brachialis muscle. The next two muscular tests were done at the lower limb on the posterior face of the thigh musculature at the level of the femoral biceps muscle, and the last test was done on the anterior tibialis muscle.



The chosen positions allowed patients to be fully relaxed. The measurements were performed at the level of the muscle belly; the device was always perpendicular to the skin surface. First determination was done on the major pectoralis muscle. The test was done with the patient relaxed, in a sitting position; the same position was kept for the upper limb test at the level of the biceps brachialis muscle (Figure 2). The next two measurements included the inferior limb. The test at the thigh level was done in the posterior area at the level of the femoral biceps muscle; the test at this level was done with the patient in a prone position because the device should be perpendicular to the surface of the skin. For the last determination, the patient was in the sitting position; the anterior tibialis muscle was tested (Figure 3). The same muscles were tested in the healthy controls. All muscles were measured in the same order for all participants (both groups).



In the patients’ group, the above-mentioned muscles were tested twice. The first determination was done before the medical treatment administration for the study group, and the second determination an hour after the medical treatment administration. In the control group, the two measurements were done one hour apart. All the measurements were performed in the morning. The myotonometric measurements were done by the same physical therapist. The four muscles were tested consecutively; the overall assessment for one subject lasted approximately 90 s.



We used the MDS-UPDRS (Movement Disorder Society–Unified Parkinson’s Disease Rating Scale) (patient section) to identify the patients’ physical status in the last weeks. The following motor activities were assessed: dressing, hygiene, hobbies, walking and balance, and freezing. Each item had a score ranging from 0 (normal) to 4 (severely affected) [23].




2.3. Statistical Analysis


The sample size was calculated on the basis of results of Min-Jae and Dae-Sung using G*Power 3.1.9.7 (Universitat Kiel, Kiel, Germany) with the Wilcoxon signed-rank test. The effect size was 0.5, the type I error was α = 0.05, and power was 0.8. A total sample size of 38 patients was required. The data were processed in SPSS Statistics 23.0. The t-test was used for the couple samples. For these correlations, we applied regression with a single predictor, and for testing the relationship between variables, we used Pearson correlation. A p value less than 0.05 was considered statistically significant.





3. Results


The comparison between the myotonometer parameters of the Parkinson’s disease patients (before medical treatment, pre drug administration) and the control group (first measurement) are included in Table 2 (data of the all four muscle groups). We noticed a statistically significant difference of frequency, stiffness and decrement, with higher values for the patients’ group.



When performing the intergroup comparison of each muscle, significantly increased values of the myotonometer parameters were recorded for major pectoralis and biceps brachialis, with the exception of the decrement (Table 3 and Table 4). Frequency and decrement were significantly higher when assessing the patients’ femoral biceps and anterior tibialis (Table 5 and Table 6). For all the Parkinson’s disease patients, the five myotonometer parameters were increased in comparison to healthy controls.



3.1. The Post-Treatment Assessment and Comparison to Healthy Controls


The comparison between the myotonometer parameters of the Parkinson’s disease patients (post medical treatment, drug administration) and the control group (second measurement) are presented in Table 7 (data of the all four muscle groups). Frequency, stiffness and decrement had significantly increased values for the patients’ group. For all the four assessed muscles, frequency was significantly higher in Parkinson’s disease patients one hour after medication intake. Moreover, stiffness, relaxation and creep had increased values in the major pectoralis. Stiffness was also significantly higher in biceps brachialis, while for the lower limb muscle groups, decrement had greater values (Table 8, Table 9, Table 10 and Table 11).




3.2. Correlations between Myotonometric Parameters and Patients’ Characteristics


Table 12 includes the correlations between myotonometric parameters (pre drug administration) and patients’ characteristics. The relationship between frequency and functional status shows a significant correlation; the more the frequency increases (muscular tension state), the better the functional status. There are also significant correlations between decrement and age of disease onset, and between decrement and functional status. The higher the decrement (elasticity), the lower the age of onset and the better the functional status.



The MDS-UPDRS scores were as follows: dressing 2.69 ± 0.93, hygiene 2.96 ± 0.82, hobbies 2.93 ± 0.85, walking and balance 2.63 ± 1.14, and freezing 2.63 ± 1.2.





4. Discussion


Our research showed that in patients suffering from Parkinson’s disease, the myotonometric parameters (frequency, stiffness and decrement) of the major pectoralis, biceps brachialis, femoral biceps and anterior tibialis, assessed in the morning before drug administration, had significantly higher values in comparison to age- and gender-matched healthy controls. We chose the above-mentioned muscle groups as they are involved in postural stability, thus affecting the everyday activities in Parkinson’s disease patients.



When analyzing the within-group myotonometric parameters (before medical treatment and an hour after taking the medication), the patients’ group reported a state of muscular tension (frequency), a muscular rigidity (stiffness) and a value of elasticity (decrement) significantly higher than before treatment. When considering the decrement, the bigger the value, the more the muscle cannot come back to the relative shape rapidly between two contractions. Thus, fatigue and movement limitation occurs due to the lack of elasticity. These elements change the grade of the patient’s functionality in daily activities, because the patient must make a more considerable effort in doing an activity due to muscular tension (frequency) and increased rigidity (stiffness). There were no statistically significant differences between pre and post treatment for all the myotonometric parameters.



To our knowledge, this is the first study to use the myotomometric assessment of four different muscle groups in Parkinson’s disease patients.



Rätsep and Asser assessed the extensor digitorum muscle in six patients with advanced-stage Parkinson’s disease. They concluded that increased rigidity is associated with increased values of viscoelastic stiffness in patients with Parkinson’s disease [13].



The scientific literature includes the use MyotonPRO technology to determine the specificity of the parameters, such as a study done by Liang H et al. [21]. This study on 21 patients followed the negative effects of different postures involuntarily adopted by the patients at the level of trapezius muscles, provoking muscle rigidity. The results showed the grade of rigidity, depending on the maintained antalgic position. After the obtained results by means of MyotonPRO technology, it was identified in what measure the muscle rigidity triggers discomfort, pain and fatigue and how maintaining the correct position of the neck and back would decrease the level of rigidity [21].



Another study on 18 patients (Marusiak J et al., 2010) analyzed the passive rigidity of the biceps brachialis muscle in a group of women with Parkinson’s disease in comparison with a group of healthy women. Myotonometry, electromyography and mechanomyography were used for assessment. Results showed that myotonometry provides valuable evaluation due to its sensitivity, as it detects muscle rigidity [14].



Marusiak J et al. studied the relation between the dopaminergic dose treatment and the mechanical properties (myotonometry) of elbow flexor muscles. The results of the clinical evaluation of parkinsonian rigidity showed that the rigidity decreased during the outset phase in comparison with the ending phase. The study of 10 patients concluded that the anti-parkinsonian dopaminergic agents improved the mobility of the elbow joint by increasing its angle and decreased the parkinsonian rigidity of the superior limb [24]. In our study on 49 patients with Parkinson’s disease, we assessed by myotonometry the assigned muscle groups (major pectoralis, biceps brachialis, femoral biceps and anterior tibialis) one hour after oral medication intake. Frequency (state of tension), stiffness and viscoelastic properties (mechanical stress relaxation time and creep ratio of relaxation time to deformation time) of major pectoralis and biceps brachialis were significantly greater before the pharmacological medication in comparison to healthy controls. For the lower limb muscles (femoral biceps and anterior tibialis), frequency (state of tension) and decrement (elasticity) were significantly higher.



The patients in the current research followed the medical treatment recommended by the neurologist. The substance and dose were determined according to symptoms, age, associated pathologies, and therapeutic response. The treatments of the patients from the study group are Levodopa in combination with dopa-decarboxylase inhibitors, dopamine agonists, monoamine oxidase B inhibitors, Catechol-O-methyl transferase inhibitors or amantadine.



Levodopa reduces the progression of disability. However, long-term treatment is frequently affected by a series of motor fluctuations, such as oscillations of the motor response and the appearance of dyskinesia [25]. The side effects of levodopa can limit its use in patients under 70 years with mild symptoms of Parkinson’s disease. The dopamine agonists are considered a safe and efficient alternative, especially in younger patients. They are associated with a decrease of motor complications in the first 5 years of disease progression [26]. MAO-B (monoamine oxidase B) inhibitors are efficient in the control of motor symptoms, both as a monotherapy and in combination with levodopa or a dopa-decarboxylase inhibitor. MAO-B inhibitors are well tolerated; they are recommended in the treatment of akinesia and motor fluctuations [27]. Amantadine showed efficacy in the treatment of dyskinesia induced by levodopa in Parkinson’s disease patients. Studies have also proven its potential in reducing motor fluctuations [28]. Entacapone is a reversible peripheric inhibitor of Catechol-O-methyl transferase that increases the half time effect of levodopa on the motor symptoms. Studies have shown that combination therapy with levodopa/carbidopa/entacapone has a superior efficacy and a safer profile in the treatment of Parkinson’s disease patients [29].



The study of Rätsep and Asser analyzed the changes of viscoelastic stiffness induced by deep brain stimulation. The extensor digitorum muscle was assessed by MyotonPRO in 15 patients in an advanced stage of Parkinson’s disease (evaluation in the off-medication conditions). The authors support the use of myotonometry for objective quantification of parkinsonian rigidity at rest [30]. In our study we also observed an increased rigidity in the patients’ group in the four tested muscles at rest.



Marusiak J et al. tested 12 patients with Parkinson’s disease and 12 healthy matched controls. Patients with Parkinson’s disease had higher stiffness in the biceps brachialis. In contrast, there was no significant intergroup difference in the triceps brachialis stiffness [15]. In our research we recorded an increased muscular tension and lack of elasticity in all the four tested muscles in Parkinson’s disease patients in comparison to healthy controls.



Recent research published in 2022 by Christine Lo and Siddharth A chose to combine MDS-UPDRS (motor examination score) with the Purdue Pegboard Test and Timed Up and Go to offer a greater sensitivity in detecting the motor changes in Parkinson’s disease [31]. The assessment of motor symptoms using MDS-UPDRS (motor examination score), Timed Up and Go, Berg balance Scale and Purdue Pegboard Test is an endorsed combination of scores used in Parkinson’s disease patients [32,33]. In our study we combined the MDS-UPDRS with an objective muscle assessment tool (MyotonPRO). As a future research direction, we have in view the comparison of MDS-UPDRS score and myotonometric parameters in patients with Parkinson’s disease before and after a 3-month rehabilitation program.



The patients’ follow-up is a limitation of the study; it was done between the treatment administration periods and involved functional status in consecutive hours and days. Another element that limited the research is that the time and means of data collection were dependent on the physical and emotional status of the patients. In the future, we aim to include in the analysis a larger group of patients for a longer period, as well as the assessment of postural stability in relation to myotonometric parameters. As the postural stability and physical activity was already studied in healthy subjects [34,35], it can be extended to patients suffering from Parkinson’s disease. The correlations among dynamic balance, physical activity and quality of life have been investigated [36], as well as the efficacy of particular trunk exercises in the balance training in patients with Parkinson’s disease [37]. We envisage a future study aiming to assess postural stability in relation to myotonometry in Parkinson’s disease patients who follow a physical exercise program for postural correction as well as improved static and dynamic balance. We also intend to extend the muscle groups assessed by MyotonPRO to muscles involved in posture (ventral trunk muscles rectus and obliquus externus abdominis, and dorsal trunk muscles longissimus cervicis and lumbar erector spinae).




5. Conclusions


Our study analyzing the myotonometric parameters showed that before oral drug administration, there were significantly higher values of frequency, stiffness, relaxation and creep for the major pectoralis and biceps brachialis in patients with Parkinson’s disease in comparison to healthy controls. One hour after medication intake, these differences remained significant for frequency and stiffness for both muscle groups; for biceps brachialis, there remained increased values for relaxation and creep. For the pre–drug administration assessment, frequency and decrement were significantly higher in Parkinson’s disease patients for the femoral biceps and anterior tibialis, with only the decrement values being greater at post drug assessment. We concluded that there were no significant differences in the major pectoralis and biceps brachialis elasticity between patients with Parkinson’s disease and healthy controls pre and post drug administration. Improved viscoelastic properties of biceps brachialis were recorded after medication. After drug administration, no significant differences of femoral biceps and anterior tibialis stiffness were noted between patients and controls.
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Figure 1. MyotonPRO device. 
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Figure 2. Measurement of myotonometric parameters on biceps brachialis muscle. 
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Figure 3. Measurement of myotonometric parameters on anterior tibialis muscle. 
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Table 1. Characteristics of Parkinson’s disease patients and controls.






Table 1. Characteristics of Parkinson’s disease patients and controls.





	
Characteristics

	
Parkinson’s Disease Patients

	
Control Group

	
p






	
Number

	
49

	
42

	




	
Gender

	

	

	




	
Male (%)

	
24 (49)

	
21 (50)




	
Female (%)

	
25 (51)

	
21 (50)




	
Age (years), mean (SD)

	
69.76 (6.39)

	
60.48 (7.62)

	
0.63




	
Weight (kg), mean (SD)

	
75.53 (16.45)

	
75.47 (12.85)

	
0.98




	
Height (cm), mean (SD)

	
168.14 (10.00)

	
165.45 (7.45)

	
0.15




	
BMI (kg/m2), mean (SD)

	
26.83 (4.92)

	
27.60 (4.71)

	
0.45




	
Age of disease onset (years), mean (SD)

	
60.51 (6.43)

	

	




	
Disease duration (years), mean (SD)

	
9.12 (3.27)

	

	




	
Medication

	
Dopamine agonist (%)

	
21 (42.9)

	

	




	
MAO-B inhibitors (%)

	
15 (30.6)




	
Levodopa-in combination with dopa-decarboxylase inhibitors (benserazide/carbidopa) (%)

	
38 (75.5)




	
Levodopa in combination with dopa-decarboxylase inhibitor (carbidopa) and COMT inhibitors, amantadine (%)

	
10 (20.4)




	
COMT (%)

	
8 (16.3)




	
Disease stage

	
I2: Parkinson’s disease symptoms on both sides of the body and no difficulty in walking (%)

	
10 (20.4)

	

	




	
3: Parkinson’s disease symptoms on both side of the body and minimal difficulty in walking (%)

	
26 (53.1)




	
4: Parkinson’s disease symptoms on both sides of the body and moderate difficulty in walking (%)

	
13 (26.5)








BMI: body mass index; SD: standard deviation; MAO-B: monoamine oxidase B; COMT: Catechol-O-methyl transferase.
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Table 2. Myotonometer parameters (all muscle data) of the Parkinson’s disease patients (pre drug administration) and the control group (first measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	16.74 (4.80)
	15.18 (3.70)
	0.001



	Stiffness (N/m), mean (SD)
	331.04 (111.05)
	305.67 (91.65)
	0.02



	Decrement, mean (SD)
	1.94 (0.64)
	1.67 (0.48)
	0.001



	Relaxation (ms), mean (SD)
	20.53 (7.65)
	21.49 (7.09)
	0.21



	Creep, mean (SD)
	1.29 (0.47)
	1.34 (0.43)
	0.29







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 3. Myotonometer parameters of major pectoralis in Parkinson’s disease patients (pre drug administration) and control group (first measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	18.82 (5.06)
	16.04 (3.36)
	0.001



	Stiffness (N/m), mean (SD)
	421.60 (128.17)
	341.19 (92.99)
	0.001



	Decrement, mean (SD)
	2.01 (0.37)
	1.96 (0.44)
	0.31



	Relaxation (ms), mean (SD)
	14.38 (5.37)
	18.85 (7.14)
	0.001



	Creep, mean (SD)
	0.92 (0.33)
	1.19 (0.44)
	0.001







N: number patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 4. Myotonometer parameters of biceps brachialis in Parkinson’s disease patients (pre drug administration) and the control group (first measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	13.38 (2.70)
	11.84 (1.92)
	0.001



	Stiffness (N/m), mean (SD)
	239.62 (26.81)
	228.90 (34.17)
	0.04



	Decrement, mean (SD)
	2.00 (0.49)
	1.86 (0.35)
	0.06



	Relaxation (ms), mean (SD)
	26.35 (4.14)
	28.12 (4.72)
	0.02



	Creep, mean (SD)
	1.64 (0.26)
	1.74 (0.29)
	0.04







N: number of patients; SD: standard deviation, Bold values: p < 0.05 indicates statistical significance.
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Table 5. Myotonometer parameters of femoral biceps in Parkinson’s disease patients (pre drug administration) and the control group (first measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	16.64 (5.77)
	14.17 (2.04)
	0.003



	Stiffness (N/m), mean (SD)
	269.82 (50.46)
	256.12 (40.19)
	0.08



	Decrement, mean (SD)
	2.10 (0.82)
	1.67 (0.37)
	0.001



	Relaxation (ms), mean (SD)
	25.45 (7.59)
	23.85 (4.55)
	0.10



	Creep, mean (SD)
	1.59 (0.49)
	1.48 (0.27)
	0.08







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 6. Myotonometer parameters of anterior tibialis in Parkinson’s disease patients (pre drug administration) and the control group (first measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	18.99 (3.08)
	17.70 (3.29)
	0.02



	Stiffness (N/m), mean (SD)
	393.16 (74.48)
	336.50 (67.00)
	0.04



	Decrement, mean (SD)
	1.67 (0.72)
	1.21 (0.42)
	0.001



	Relaxation (ms), mean (SD)
	15.95 (3.92)
	15.15 (3.48)
	0.15



	Creep, mean (SD)
	1.03 (0.25)
	0.97 (0.22)
	0.12







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 7. Myotonometer parameters (all muscle data) of the Parkinson’s disease patients (post medical treatment) and the control group (second measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	16.46 (4.36)
	15.14 (3.64)
	0.001



	Stiffness (N/m), mean (SD)
	326.66 (102.49)
	302.03 (88.06)
	0.02



	Decrement, mean (SD)
	1.92 (0.59)
	1.67 (0.49)
	0.001



	Relaxation (ms), mean (SD)
	20.53 (7.65)
	21.49 (6.78)
	0.26



	Creep, mean (SD)
	1.30 (0.46)
	1.34 (0.41)
	0.35







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 8. Myotonometer parameters of major pectoralis in Parkinson’s disease patients (post medical treatment) and the control group (second measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	18.57 (4.07)
	15.69 (3.50)
	0.001



	Stiffness (N/m), mean (SD)
	409.28 (103.95)
	334.72 (88.95)
	0.001



	Decrement, mean (SD)
	2.06 (0.34)
	1.98 (0.44)
	0.18



	Relaxation (ms), mean (SD)
	14.63 (4.77)
	18.76 (6.36)
	0.001



	Creep, mean (SD)
	0.94 (0.29)
	1.18 (0.39)
	0.001







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 9. Myotonometer parameters of biceps brachialis in Parkinson’s disease patients (post medical treatment) and the control group (second measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	13.06 (2.92)
	12.09 (2.22)
	0.04



	Stiffness (N/m), mean (SD)
	239.21 (34.38)
	227.32 (29.01)
	0.04



	Decrement, mean (SD)
	1.99 (0.42)
	1.87 (0.43)
	0.09



	Relaxation (ms), mean (SD)
	26.91 (5.19)
	28.18 (4.34)
	0.10



	Creep, mean (SD)
	1.68 (0.32)
	1.75 (0.27)
	0.13







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 10. Myotonometer parameters of femoral biceps in Parkinson’s disease patients (post medical treatment) and the control group (second measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency, mean (SD)
	15.49 (4.20)
	14.26 (2.00)
	0.03



	Stiffness, mean (SD)
	267.77 (50.33)
	259.16 (43.07)
	0.18



	Decrement, mean (SD)
	2.01 (0.72)
	1.65 (0.33)
	0.002



	Relaxation, mean (SD)
	24.67 (7.07)
	23.52 (4.58)
	0.17



	Creep, mean (SD)
	1.54 (0.44)
	1.46 (0.28)
	0.14







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 11. Myotonometer parameters of anterior tibialis in Parkinson’s disease patients (post medical treatment) and the control group (second measurement).
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	Myoton PRO Parameters
	Parkinson’s Disease Patients (N = 49)
	Control Group (N = 42)
	p





	Frequency (Hz), mean (SD)
	18.74 (3.47)
	17.93 (3.16)
	0.03



	Stiffness (N/m), mean (SD)
	390.40 (75.53)
	388.95 (68.18)
	0.46



	Decrement, mean (SD)
	1.64 (0.70)
	1.18 (0.36)
	0.001



	Relaxation (ms), mean (SD)
	16.29 (4.21)
	15.35 (3.33)
	0.12



	Creep, mean (SD)
	1.05 (0.27)
	0.98 (0.21)
	0.08







N: number of patients; SD: standard deviation; Bold values: p < 0.05 indicates statistical significance.
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Table 12. Correlations between myotonometric parameters and patients’ characteristics.
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MyotonPRO Parameter

	
Age of Disease Onset

	
Duration of the Disease

	
Functional Status MDS-UPDRS






	
Frequency

	
r = 0.13

	
r = 0.07

	
r = 0.16




	
p = 0.08

	
p = 0.36

	
p = 0.03




	
Stiffness

	
r = 0.10

	
r = 0.04

	
r = 0.09




	
p = 0.15

	
p = 0.56

	
p = 0.20




	
Decrement

	
r = −0. 17

	
r = 0.007

	
r = 0.16




	
p = 0.02

	
p = 0.92

	
p = 0.03




	
Relaxation

	
r = −0.07

	
r = 0.04

	
r = 0.001




	
p = 0. 33

	
p = 0.57

	
p = 0.98




	
Creep

	
r = −0.05

	
r = 0.04

	
r = 0.005




	
p = 0. 46

	
p = 0.59

	
p = 0.94








MDS-UPDRS: Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; Bold values: p < 0.05 indicates statistical significance.
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