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Abstract

:

Super Inductive System (SIS) stimulation of spastic limbs by tissue-induced electromagnetic field may have the effect of reducing spasticity and improving functionality in patients with post-stroke spasticity. The aim of the study was to evaluate two different protocols for the application of SIS on upper limb spasticity after stroke. We included 60 patients with post-stroke upper limb spasticity, who were randomized into two groups: the study group, with a 9 min application protocol (1 min for agonist muscles, 8 min for antagonistic muscles); and the control group, with an 8 min protocol applied only to the antagonistic muscles. The duration of therapy was 10 days, and the results were assessed using the Modified Ashworth Scale (MAS) and the Barthel Index. Both the MAS and the Barthel Index improved significantly after 10 days of treatment (p < 0.001), but 30 days after the completion of therapy, there was an attenuation of the effects in both study groups. The study group had a significantly higher percentage of patients with improved MAS after 10 days (p = 0.004) and within 30 days (p < 0.001) than the control group. An SIS protocol applied on both agonist and antagonist muscles has a more pronounced and longer lasting spasticity-reducing and improved functionality effect than its application on only antagonistic muscles.
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1. Introduction


Stroke is a serious health problem, being the world’s second leading cause of death, with 5.5 million deaths annually, according to World Health Organization statistics [1]. It is also the leading cause of long-term disability in adult patients with neurological disorders [2]. Approximately 80% of strokes are ischemic, the most common disability being the motor deficit of the upper and lower limbs, and 50% of patients surviving post-stroke remain with a permanent disability [3]. This condition involves long-term rehabilitation treatments and, consequently, increased costs [4]. Recovery from ischemic stroke is conventionally considered to bring important benefits within the first 3 months, with a cessation of progress being observed 6 months after the stroke. However, there are recovery methods that have proven effective even after this period of time. Late functional recovery, most commonly between 3 months and 12 months, is reported to take place in one in four patients after an ischemic stroke, but no clear conclusion can be drawn about the consequences of late long-term rehabilitation in post-stroke patients [5].



Post-stroke patients may need both the support of their family/caregivers and recovery treatments for a shorter or longer period of time, or for the rest of their lives, in order to manage sequelae and/or to develop compensatory means. The management of these patients involves methods to combat spasticity, improve functionality and gait, manage swallowing impairments and depression, improve participation and patient motivation, and understanding the need for rehabilitation treatment in general and the concept of self-rehabilitation [1].



The action of the electromagnetic field causes changes in the cell membrane. It also acts upon the metabolism of blood electrolytes and cellular metabolic processes, its effects being dependent on the intensity and frequency applied.



Repetitive peripheral magnetic stimulation (rPMS) influences the opening of membrane channels with consequences on mitochondrial metabolism and mitotic activity in nuclear components. Previous studies have shown favourable effects on the proliferation and differentiation of osteocytes and mesenchymal stromal cells with implicit acceleration of the healing process, resulting in the reduction in rehabilitation period [6]. Moreover, regenerative effects on the peripheral nervous system of the pulsed electromagnetic field have also been demonstrated [7].



Repetitive peripheral magnetic stimulation is used in the recovery of patients with central and peripheral neurological disorders in order to improve motor function, with the possibility of penetrating deep into the tissues [4,8].



High-intensity electromagnetic stimulation can improve the functionality of post-stroke patients, the principle of action being based on the induction of an electromagnetic field that interacts with human body tissues, including myoarthrokinetic tissue, subsequently giving rise to electric currents to reduce spasticity. High-intensity electromagnetic stimulation (Super Inductive System) determines the depolarization of neuronal cells, generating therapeutic effects such as: analgesia, myostimulation, and trophic, resorptive, and elasticizing effects [9,10].



Super Inductive System Therapy restores distorted muscle balance after stroke, both by relaxing the spastic muscles and by stimulating the weak muscles, as well as by the trophic and circulatory effects at the level of the area where the therapy was applied [9,11].



Super Inductive System Therapy also has proven analgesic effects and improves the performance of daily activities in patients with acute and chronic musculoskeletal or neurological disorders. The analgesic effect of the Super Inductive System is based on the three neurophysiological theories of pain control, with frequency-dependent effects. Frequencies of 2–10 Hz stimulate the secretion of analgesic opioids by acting on the nerve endings; the frequencies of 60–100 Hz act according to the theory of gate control on the thick, myelinated nerve fibres with fast conduction speed; and frequencies between 120 and 140 Hz act according to the theory of the peripheral pattern, the coded information not being interpreted as pain [12].



Super Inductive System Therapy is a non-invasive, painless, well-tolerated method of treatment, without the nephrotoxic and hepatotoxic side effects of drug therapies; and can be used in the recovery of patients with various conditions associated with the basic pathology [12,13,14].



The aim of this study was to evaluate whether two different protocols of application of the high-intensity electromagnetic stimulation (Super Inductive System) as part of a physical therapy program can decrease spasticity and increase the muscle contraction force of the post-stroke spastic upper-limb.




2. Materials and Methods


2.1. Patient Selection


In the study, we enrolled 60 adult patients (over 18 years old) that were hospitalized for post-stroke rehabilitation therapy in our centre between 4 December 2019 and 30 May 2021. The inclusion criterion was the presence of upper-limb spasticity, irrespective of the elapsed time from the cerebral vascular accident. The exclusion criteria were the spasticity of causes other than stroke; the carrying of a cardiac pacemaker, defibrillator, neurostimulator implant, electronic implant or metallic implant; and some comorbidities which contraindicate electrotherapeutic treatment, including high-intensity electromagnetic stimulation: respiratory failure, coagulation diseases or anticoagulant therapy, cardiac disease, cancer, fever, or pregnancy.




2.2. Treatment Protocol


The 60 patients were assigned, by randomization, at the beginning of the therapy, to 2 treatment groups. In the study group, 29 patients received 10 therapy sessions of 9 min each, using the Super Inductive System. The applicator was placed first on the agonist (flexors of the forearm) muscles for 1 min, for post-facilitatory inhibition and a decrease in spasticity, and afterwards on the antagonist (extensors of the forearm) muscles for 8 min, in order to increase the muscle strength to obtain a higher blood perfusion and trophic improvement. The other 31 patients (control group) received 10 therapy sessions using the Super Inductive System, with a duration of 8 min for each session. The applicator was placed on the antagonist muscles (extensors of the forearm). Patients in both groups also received the standard kinesitherapy protocol for spasticity. No new treatment method was tested, as the Super Inductive System is approved for physical therapy by the Ministry of Health. The study was conducted according to the Declaration of Helsinki and was approved by the University Ethics Committee.




2.3. Devices


The device used in the study was the BTL-6000 Super Inductive System Elite, an electromagnetic wave therapy device with a maximum intensity of 2.5 Tesla and a frequency between 1 and 150 Hz. The applicator of the device was positioned on the treated area using the non-contact technique, at a distance of 1–2 cm from the skin.



A sequence of 6 sections was applied in the study group, and 5 sections in the control group. The intensity was tested individually for every patient at the beginning of each therapy session and gradually increased up to the motor threshold, which represents 15–25% of the maximum intensity of the device (2.5 T). Every patient received an explanation of the procedure and what to expect from it, and they were informed that the intense sensation was harmless. We also made sure that the temperature was comfortable for the patient.



Spastic muscles were stimulated for 1 min with an amplitude set at the motor threshold, and with a fixed frequency of 1 Hz.



The antagonist muscles were facilitated during a 15s long burst section, with a constant amplitude and constant frequency of 150 Hz, then gradually strengthened during a 5min long section that used a trapezoidal amplitude modulation with 2 s of amplitude increase until 100%, 1 s of plateau, 2 s of decrease and a 15 s pause, and a fixed frequency of 45 Hz (Table 1).




2.4. Patient Evaluation


The patients were evaluated at the beginning of the treatment, at the completion of the therapy period (the 10th day of therapy), and on the 30th day from the completion of the therapy, by using the upper extremity functional index—Modified Ashworth Scale (MAS)—and the measurement of activities of daily living (ADL)—Barthel Score. All 60 patients completed the study by being present at the evaluation on the 30th day.




2.5. Statistical Analysis


In the case of qualitative variables, they were presented as absolute and relative frequencies. In the case of continuous, normally undistributed variables, or of the ordinal qualitative variables with more than three categories, they were presented with median (25th percentile–75th percentile). Comparisons between independent groups were made using the Chi-square or Fisher test when comparing frequencies, and with the Mann–Whitney test for continuous variables without normal distribution or ordinal quality variables. Normal distribution was tested with the Shapiro–Wilk test. Comparisons between dependent groups were made using the Wilcoxon signed-rank test for ordinal qualitative variables. SPSS 25.0 application was used for statistical analysis. The statistical significance threshold for the p-value was set at p < 0.005.





3. Results


In the study group, there were 14 (48.3%) men and 15 (51.7%) women, while in the control group there were 16 (51.6%) men and 15 (48.4%) women. Both groups had an average age of 62. There were no significant differences regarding sex (p = 0.796) and age (p = 0.722) between the two groups (Table 2).



In the study group, MAS presented a statistically significant decrease, both between the 1st day and the 10th day (1.10 ± 0.31, p < 0.001), and between the 1st day and the 30th day (0.83 ± 0.47, p < 0.001), and a significant increase between the 10th and 30th day (−0.28 ± 0.53, p = 0.011). In the control group, MAS presented a statistically significant decrease between the 1st day and the 10th day (0.74 ± 0.58, p < 0.001), and between the 1st day and the 30th day (0.23 ± 0.50, p = 0.020), and a significant increase between the 10th and 30th day (−0.52 ± 0.51, p < 0.001) (Figure 1).



There was a significant increase in Barthel Score in both groups between the 1st and 10th day of the study (−2.28 ± 1.58, p < 0.001 in the study group and −2.42 ± 1.48, p < 0.001 in the control group), and between the 1st and 30th day of the study (−1.93 ± 1.60, p < 0.001 in the study group and −1.87 ± 1.09, p < 0.001 in the control group), but we observed a decrease in Barthel Score in both groups between the 10th and 30th day (0.35 ± 0.94, p = 0.064 in the study group and 0.55 ± 0.96, p = 0.005 in the control group) (Figure 2).



We also analysed the number of patients in each group that had an improved, unchanged, or worsened MAS or Barthel Score on the 10th and 30th day. There was a statistically significant difference between the study group and the control group regarding the percentage of participants with an improved MAS from the 1st day to the 10th day, with 32.3% more improved cases in the study group (100% vs. 67.7%, p = 0.004). When comparing MAS from day 1 with day 30, the study group had 59.9% more improved cases than the control group (79.3% vs. 19.4%, p < 0.001). In the study group, in more than 50% (68,97%) of participants, MAS values improved or remained unchanged until the 30th day, while in the control group, in more than 50% (51.61%) of cases, MAS values worsened, without statistical significance (p = 0.087). There were no other significant differences regarding the change of status between the moments of testing (Table 3).




4. Discussion


There was an improvement in MAS in both groups at the 10th and 30th day evaluations, in comparison with the evaluation performed on the first day, but when comparing the indexes from the last day of therapy (10th), with the indexes from the 30th day after treatment, we observed an increase in the values. Our results show that, within four weeks, the MAS values are not as low as they were on the last day of therapy.



The Barthel Scores improve on the last day of the therapy (10th day) and on the 30th day after treatment, in comparison with the first day of the therapy in both groups. However, it decreases significantly when comparing the value on the 10th day of therapy with the value on the 30th day after treatment in the control group, and without statistical significance in the study group, which means that the improvements in ADL are more persistent in the study group.



When comparing the two groups, the differences between MAS values between the 1st and the 10th day, and between the 1st and the 30th day, were more significant in the study group, which means that the 9 min protocol (with one extra minute of electromagnetic stimulation on the agonist muscles) had a better outcome. However, the differences in MAS values between the 10th and the 30th day did not achieve statistical significance when comparing the two groups, which means that the effects on spasticity of both protocols are attenuated in a 4 weeks’ time in the same manner. Moreover, the percent of improved cases (from day 1 to day 10 of treatment, and from day 1 to day 30 after the completion of therapy) was statistically significantly higher in the study group, but there was no difference between groups when comparing the percentage of improved cases from the 10th day to the 30th day after the completion of therapy. Even if, in the study group, in more than 50% (68,97%) of participants, MAS values improved or remained unchanged until the 30th day, in the control group, in more than 50% (51.61%) of cases, MAS values worsened, and we did not achieve statistical significance (p = 0.087).



The reduction in MAS values 30 days after the discontinuation of treatment could be explained by the lack of continuity or neglect of adequate physical therapy at home by patients and/or the lack of daily monitoring of patients with decreased motivation and compliance with treatment. Patients and their families and caregivers should be adequately trained in physical therapy at home, as well as in the possibility of using virtual therapy and telerehabilitation. Telerehabilitation allows long-term treatment to be provided to patients in the current context of the COVID-19 pandemic, which greatly limits human movement and interaction [15].



There were no statistically significant differences regarding Barthel Score between the two groups in different moments of testing.



Significant changes in MAS values between groups (between day 1 of treatment and day 10 of treatment, and between day 1 of treatment and day 30 of post-treatment), compared with statistically insignificant changes in the Barthel Score between the two groups, may suggest that the results on the increase in the functionality and performance of ADLs are weaker than those obtained in reducing upper-limb spasticity in stroke patients.



Patients in both groups benefited from high-intensity electromagnetic stimulation (Super Inductive System), the difference between the groups being represented by the extra minute of agonist muscle therapy in the case of the study group. The action on the agonist muscles for one minute, in addition to the therapy on the antagonist muscles for 8 min, does not bring additional benefits in terms of upper-limb function and the recovery of ADLs. A possible cause of these results may be the insufficient time of action of the therapy at the level of the agonist, spastic muscle group.



High-intensity electromagnetic therapy (Super Inductive System) has been shown to be effective in relieving pain, increasing mobility, and improving the quality of life of patients with acute and chronic musculoskeletal and neurological disorders in other studies [12].



In patients presenting spasticity after stroke, a study published in 2018 demonstrated the effectiveness of the Super Inductive System in reducing spastic muscle tone and in improving patient function while maintaining results, and even escalating them in a favourable sense of patient evolution, 1 month after completion of the treatment. In this study, the therapy was first applied to the agonist muscles for post-facilitatory inhibition, and later to the weak antagonistic muscles, in order to increase the tone of these muscles, a methodology similar to our study [9].



4.1. Advantages


Super Inductive System Therapy offers the advantage of the non-contact technique and the possibility of adjusting the intensity according to the patient’s tolerance. The therapy also has a relatively small number of contraindications and few side effects, and can be applied to patients with very different pathologies.




4.2. Limitations


One limitation of our study that influenced the statistical significance of the results is the relatively small number of participants. Another limitation of our study is that we did not analyse the effect of the high-intensity electromagnetic stimulation according to the elapsed time from the acute stroke. It is considered that the neuroplasticity has the best treatment response in the first 6 months after stroke, but there is evidence that also suggests important outcomes of rehabilitation therapy in the chronic phase of a stroke [16,17].



On the other hand, the proposed time for stimulating the agonist muscles was probably insufficient, the results obtained on the functional improvement of the patients being without statistical significance.



Last but not least, it should be noted that the study was not double-blind, the evaluator knowing the group that the patient was part of in the evaluation at 10 days of treatment and 30 days after therapy.





5. Conclusions


High-intensity electromagnetic therapy improves spasticity and upper limb function in patients with post-stroke spasticity.



Applying therapy to agonist–antagonist muscles by restoring muscle balance brings benefits in reducing the tone of spastic muscles, but without significantly influencing the functionality of the upper limb in the long term.



In order to obtain conclusions with an impact on the therapeutic management of post-stroke spastic patients, extensive, multicentred, double-blind controlled studies are needed, as well as comparative studies of treatment protocols with standardized methodology.
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Figure 1. MAS mean comparison. 
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Figure 2. Barthel Score mean comparison. 
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Table 1. Therapy parameters.
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Sections




	

	
1

	
2

	
3

	
4

	
5

	
6






	
Duration (sec)

	
60

	
30

	
15

	
45

	
300

	
90




	
Amplitude

	
Fixed

	
Fixed

	
Fixed

	
Fixed

	
0–100%

	
Fixed




	
Frequency (Hz)

	
1

	
25 or 150

	
150

	
1

	
45

	
1
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Table 2. Groups comparison.
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	Parameters
	Study Group (n = 29)
	Control Group (n = 31)
	p





	Male, no. (%)
	14 (48.3)
	16 (51.6)
	0.796 **



	Female, no (%)
	15 (51,7)
	15 (48,4)
	



	Age (years old)
	62 (55; 71)
	62 (57.5; 67.5)
	0.722 *







Median (percentile 25th–75th), * p obtained with Mann–Whitney test, ** p obtained with Chi-square test.
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Table 3. Status analysis: improved, unchanged, or worsened between the moments of testing.
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Status

	
Study Group (n = 29)

	
Control Group (n = 31)

	
p






	
Status MAS Day 1-Day 10, no (%)

	
improved

	
29 (100)

	
21 (67.74)

	
0.004




	
unchanged

	
0 (0)

	
10 (32.26)




	
worsened

	
0 (0)

	
0 (0)




	
Status MAS Day 1-Day 30, no (%)

	
improved

	
23 (79.31)

	
6 (19.35)

	
<0.001




	
unchanged

	
6 (20.69)

	
25 (80.65)




	
worsened

	
0 (0)

	
0 (0)




	
Status MAS Day 10-Day 30, no (%)

	
improved

	
1 (3.45)

	
0 (0)

	
0.087




	
unchanged

	
19 (65.52)

	
15 (48.39)




	
worsened

	
9 (31.03)

	
16 (51.61)




	
Status Barthel Day 1-Day 10, no (%)

	
improved

	
27 (93.1)

	
30 (96.77)

	
1




	
unchanged

	
2 (6.9)

	
1 (3.23)




	
worsened

	
0 (0)

	
0 (0)




	
Status Barthel Day 1-Day 30, no (%)

	
improved

	
23 (79.31)

	
29 (93.55)

	
0.744




	
unchanged

	
5 (17.24)

	
2 (6.45)




	
worsened

	
1 (3.45)

	
0 (0)




	
Status Barthel Day 10-Day 30, no (%)

	
improved

	
4 (13.79)

	
3 (9.68)

	
0.554




	
unchanged

	
13 (44.83)

	
14 (45.16)




	
worsened

	
12 (41.38)

	
14 (45.16)








p obtained with Mann–Whitney test.
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