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Abstract

:

In the acute phase of stroke, most patients have reduced efficiency of the upper limb and in the chronic phase more than half of these patients still have a deficit in the mobility of the upper limb. The aim of this study was to investigate the effect of using the tipstim® device and the tested position of the body and affected upper limb on parameters of motor coordination and grip strength in patients after an ischemic stroke. A randomized, parallel crossover study was conducted in the Rehabilitation Department. The study included 29 people aged 68 ± 9.2 years, 5–7 weeks after ischemic stroke. Patients were randomly assigned to two parallel groups (A/B = 15 people and B/A = 14 people). In each of them, the patient received both experimental (A = tipstim®) and control (B = placebo effect) treatment in a specific order. The HandTutor was used to measure the parameters of motor coordination (maximum range of motion and frequency of motion). We also used an electronic dynamometer to measure the handgrip strength. The patients were examined in two positions: sitting (unstable) and lying with the trunk and affected upper limb stabilized. Results: The analysis showed smaller differences between the measurements in the A/B group than in the B/A group, both without stabilization and with stabilization (wrist Hz = p ˂ 0.001; fingers 2–5 Hz = p ˂ 0.001; handgrip strength = p ˂ 0.049 and p ˂ 0.003). When comparing the influence of the tested position on the results of motor coordination and the handgrip strength, statistically significant differences were found in the placebo group in a stable position (Hz wrist p = 0.007, MaxROM wrist = 0.038, HzF5 = 0.039, MaxROM F4 = 0.035, HzF3 = 0.035, MaxROM F3 = 0.010, HzF2 = 0.049). Conclusions: Repeated use of the tipstim® device did not improve the tested parameters. A significant improvement in the results of coordination of movements and grip strength is possible in a stable position, lying down.
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1. Introduction


The stabilization of the human body is the basis for maintaining balance and enables the performance of selective, coordinated movements of the body [1,2,3]. The ability to synchronize rhythmically moving limbs and limb segments is one of the most basic abilities of vertebrate and invertebrate movement systems [4]. There are many definitions of motor coordination. One of them says that motor coordination is a combination of body movements created by kinematic (such as spatial direction) and kinetic (force) parameters that result in the intended actions [5,6]. At the same time, coordinated movement is described by the appropriate speed, distance, direction, timing, and muscle tone [7]. As Kelso points out, these abilities are the main expression of how movements are organized in time and space, and the body is able to meet the competitive challenges of stability and flexibility [8]. On the other hand, it seems that a stable trunk is the most important element of the body posture control mechanism [9,10,11].



In patients after a stroke, the tension and strength of the superficial and deep stabilizing muscles are most often reduced. This leads to asymmetries and inappropriate movement patterns. Moreover, in the acute phase of stroke, most patients have reduced efficiency of the upper limb [12] and in the chronic phase, more than half of these patients still have a deficit in the mobility of the upper limb [13,14,15]. It should be noted that 80% of patients regain the ability to walk [16], and the recovery of the upper limb function is associated with long-term rehabilitation and does not meet many of the patients’ expectations. The basis of this state of affairs is most likely a very large cortical (sensorimotor) representation of the upper limb, especially its distal part [17]. As a result of damage to the nervous structures, e.g., as a result of a stroke, the sensorimotor function is disturbed [14,15,17].



Therefore, it is worth investigating the use of various devices with which we could recover lost functions and activity in the upper limb. Scientists are constantly looking for new solutions. Delph et al. recognized the use of repetition in therapy. He experimented with a glove to help coordinate hand movements, grasping, and squeezing. A glove was designed to support or resist a movement as needed when repeating a movement pattern [18]. Other researchers such as Do Ji-Hye [19] and many other recommended the use of touch screen devices in therapy to recreate the strategy of movement and virtual reality to train the hand for bilateral coordination, adults with hemiplegia or hemiparesis, and children as well [20,21,22,23,24]. These devices most often use the principle of biofeedback. Biofeedback engages the brain to work, as a result of which the brain begins to learn, finding new possibilities to control, for example, muscles deprived of central control of movements [25,26]. In recent years, transcranial magnetic stimulation with the use of non-invasive, mobile devices has also been used. The randomized, double-blind study showed an increase in the physiological activity of the brain in the areas near the damage [27,28]. Owing to this, it is possible to improve many motor functions and activities, such as walking speed, hands force pressure, and arm movements [29]. Neurosurgical treatment was also used to stimulate the brain. It consists in implanting electrodes into areas of the brain in order to increase motor skills or their normalization [29,30,31]. In contrast to deep brain stimulation, another work has shown that repetitive sensory stimulation (rSS) induces sensorimotor improvement in the affected limb in patients with chronic stroke. After long-term rSS, all patients showed a significant improvement in sensory and motor skills. The data showed that long-term rSS used in patients with chronic brain injury can improve tactile and sensorimotor functions, which, however, in some cases only developed after weeks of stimulation and continued to improve over the following months [32]. On the other hand, Chatterjee K. et al. using rSS in post-stroke patients found that it was well tolerated and appeared to offer additional benefits compared to usual care. At the same time, they emphasized that, apart from examining the effectiveness, further work is necessary to investigate the effect of different doses of rSS on the arm function and the mechanism by which rSS induces sensorimotor regeneration in the acute post-stroke period [33].



The tipstim® device (manufacturer BOSANA, Medizintechnik GmbH, Dorsten, Germany) (Figure 1) also stimulates the brain through the patient’s fingertips [34,35,36,37]. The therapy is completely painless, has no side effects, and is very easy to use. The tipstim® device has been designed for sensitive electrical stimulation of the fingertips and for tension regulation in the treatment of upper limb spasticity [38]. The area of medical applications tipstim® was intended for the treatment of patients with incomplete sensorimotor paresis (paralysis) after stroke or craniocerebral trauma, as well as for the treatment of CRPS (Complex Regional Pain Syndrome Type [38]). The literature presents studies conducted with the use of the tipstim® device on patients in the acute phase of the disease (up to two weeks after a stroke). The effectiveness of the glove was also assessed depending on the time of its use and the parameters used [32].



In our work, we tested the handgrip strength in a sitting position [39]. Similarly, we examined motor coordination in a sitting position [40]. However, we also decided to evaluate the results of handgrip strength and coordination in a stable lying position. There are reports of other possibilities of testing the handgrip strength and coordination of the movement of the distal part of the upper limb, emphasizing the effectiveness of the results obtained in the supine position [41]. In the search for the best ways to improve the coordination of distal upper limb movement and handgrip strength, the authors decided to analyze the impact of tipstim® interventions and whether the testing position has any relevance to the improvement of the studied variables.



Therefore, the aim of this study was to investigate the effect of using the tipstim® device and the tested body position and the affected upper limb on selected parameters of motor coordination and grip strength in patients after ischemic stroke. Moreover, our study was also aimed at examining whether the magnitude of radial and medial sensation is of importance on the parameters of motor coordination and handgrip strength.




2. Methods


2.1. Trial Design


The trial was a randomized, single-blinded, placebo controlled, a combination of parallel and crossover design of 3 weeks duration. The traditional randomized, parallel-group design was chosen for this study because the variability within the same group of patients is less than the variability between patients in different groups. In addition, the study required fewer patients. In addition, this study sought to reduce some of the known disadvantages of alternation design such as patient instability and potential carry-over effect [42].



The eligible patients were randomized according to the computer, which generated a schedule for allocation to A/B and B/A treatment interventions, where A intervention means using tipstim® interventions (patient’s fingertip stimulation is on) and B intervention means using a placebo effect (device turned on without stimulation of the fingertips). The intervention lasted 5 working days. Then, after 9 days of washout (from Friday to next Monday), patients moved on to the second intervention according to as originally allocated and were also in it for 5 days. The patients did not know what the treatment with tipstim® gloves was about. All they knew was that a tipstim® glove would be put on their affected hand and that they would stay in it for 60 min. Only the examiner knew which of the patients to set the parameters or not.



The assessment of the effects of the tipstim® intervention was made in two different starting positions, sitting without support and lying with the stabilization of the trunk and the examined, affected upper limb (independent variable). The effect of the intervention, improvement of motor coordination parameters, and handgrip (dependent variables) was assessed with the Hand Tutor device and the Electronic Hand Dynamometer.



Criteria for stroke group inclusion (1) patients with ischemic stroke; (2) patients with hemiparesis after 5 to 7 week after stroke; (3) subjects with stable trunk (the Trunk Control Test 70–100 points); (4) subjects who were in a functional state allowing movements of the upper extremity (FMA-UE 40–66 motor function points); (5) muscle tension (MAS 0 -1+); (6) no severe deficits in communication, memory, or understanding which can impede proper measurement performance; (7) at least 42 years of age; maximum 89 years of age.



Criteria for stroke group exclusion: (1) stroke up to two weeks after the episode, (2) acute polyneuropathy and damage to peripheral nerves, (3) lack of trunk stability, (4) no wrist and hand movement, (5) muscle tension (>2 MAS), (6) hypersensitivity to electrical stimulation, (7) metal implants in the hand, cardiac dysfunction, epilepsy, decorations on the fingers, (8) high or very low blood pressure, (9) dizziness, malaise of the respondents.




2.2. Interventions


The research was carried out according to the protocol no 6/KRN/2019, registered in Clinical Trial Registration.



To test the performance of the tipstim® device and measure the distal upper limb coordination results and handshake strength in two different starting positions, each patient received (alternating) both the experimental and control treatments in a specific sequence depending on their random allocation to group A/B or group B/A [42]. In the A/B group, the therapy with the tipstim® device was the first (five working days). The therapy with the use of tipstim® parameters includes: ratio current time to pause time: 2 s: 5 s; ramp rise time impulse: 0.3 s; frequency: 20 Hz; pulse width: 300 µs, and a current of 1 to 20 mA through the electrodes in each glove located on the distal and proximal phalanges, providing stimulation for all fingers [38]. The intensity of the current was increased to the highest level the participant could tolerate (fingertips 1,2,3—median sensation, fingertips 4,5—ulnar sensation). Next, after a nine-day wash-out period (two weekends and five working days), the use of placebo therapy (5 days) was performed. The patient was treated for 60 min, but in this case, the fingertips were not stimulated. In the B/A group, the procedures were carried out at the same time in the reverse order. The assessment of motor coordination and the measurement of handgrip strength was performed on the fifth day of therapy, after the tistim®/placebo intervention, and after the next 5 days of therapy/placebo. The duration of each tipstim®/placebo treatment session was 60 min. For best results, patients tried not to move their hands and to relax by placing their hands on the table (Figure 1). The study of motor coordination and grip strength was carried out in two different starting positions: sitting (without stabilization) (Figure 2) and lying (with stabilization) (Figure 3). During the first examination, the subject sat in a chair with his feet resting on the floor. The upper limb is examined in adduction with the elbow joint bent (90 degrees) in the intermediate position between the pronation and supination of the forearm. In the supine examination, the upper limb was stabilized in relation to the body (adduction in the shoulder joint, elbow flexion 90 degrees in the intermediate position). At each of the starting positions, the maximum range of motion (max ROM) was measured with the Hand Tutor glove on. The max ROM was automatically calculated based on the full range of active motion of both the wrist and the fingers. They were then asked to make movements as quickly as possible in the full range of motion. Handgrip strength measurement with a dynamometer was performed in both analyzed starting positions after testing the maximum range of movement and frequency of movements. The paresis upper limb was examined. Before starting the study, the patients were informed about the purpose of the study. They gave their consent in writing. Before each new task, the patient was informed about how to perform the task.




2.3. Devices Used at Work


The tipstim® glove is a class I medical device (manufacturer BOSANA, Medizintechnik GmbH, Dorsten, Germany). The tipstim® consists of an electrical pulse generator and a high-tech glove. From the fingertips, electrical impulses are conducted through the nerves to those parts of the cerebral cortex where the hands move. Direct stimulation of these parts of the cerebral cortex is assumed to reactivate the areas of the cortex damaged by a stroke and the undamaged areas adjacent to the areas affected by the stroke. Due to the multiple activations of the cerebral cortex responsible for the hand and the long-lasting strengthening of the synapses, it causes modification of synaptic efficiency, reorganization of the cortex, modeling of sensory and sensorimotor processes, and improved sensory and tactile perception and mobility of the entire hand [27,28].



The Hand Tutor device was used to test the parameters of motor coordination. The system (MediTouch, Netanya, Israel) is composed of a safe and comfortable glove (with sensitive electro-optical sensors evaluating a position, speed wrist and finger movement; power supply: voltage: 5 V DC, rated current input: 300 mA), and the Medi Tutor TM software. It is used by many leading physical and occupational therapy centers worldwide and has CE and FDA certification [43]. A Hand Tutor was used to measure the kinematic parameters like the maximum range of movement (ROM) from flexion to extension (sensitivity: 0.05 mm of wrist and fingers Ext./Flex) as well as the frequency of movement (motion capture speed: up to 1 m/s) [44].



The EH 101 electronic hand dynamometer (Camry, Zhongshan, China) was used to measure the strength of the handgrip (measurement error 0.5 kg/1lb).




2.4. Ethics


This study was carried out in accordance with the recommendations of the Ethical Committee of the Military Medical Institute (MMI) in Warsaw, Poland, which approved the protocol, with written informed consent obtained from all subjects in accordance with the tenets of the Declaration of Helsinki (approval number 4/MMI/2020). Prior to inclusion, all subjects were informed about the purpose of the study. Written informed consent was obtained from all subjects in accordance with the tenets of the Declaration of Helsinki.




2.5. Sample Size Calculation


Our study involved 29 patients who were treated with the parameters of the tipstim® device and received the placebo effect. A randomized split of 15 (tipstim®) and 14 (placebo effect) patients were used and the type of intervention was changed after nine days to account for differences in patient populations (i.e., less volitional two-way control). As a result of the parallel research, there were 58 conditions in total. In the group starting with tipstim® 30 people were tested and in the group starting with placebo, 28 people.




2.6. Statistical Analysis


Statistical analysis was performed using IBM SPSS Statistics 25.0. The Mann Whitney U test and the Wilcoxon rank test were used for the analyses. For the purposes of the analyses, α = 0.05 was assumed as the level of significance.



The descriptive statistics for the entire sample, together with the Shapiro-Wilk distribution normality test, showed that the distribution similar to the Gauss curve, for the measurement without stabilization, assumed the following variables: Hz F 2, 3, 4, 5, Max ROM F1, and F4. For the measurement with stabilization: HzF2, 3, 4, 5 and Max ROM F1 and F2. For the remaining parameters, the distribution deviated from the normal distribution.



The relationships between the tipstim® parameters (median/ulnar sensation) and the motor coordination parameters in the unstable and stabilized position were checked using the Spearman correlation coefficient.





3. Results


3.1. Participants


In total 50 stroke patients were examined. After exclusion criteria: 21 people were excluded because of the period of disease (6 peoples) and their functional condition (10 peoples). The National Institute for Health Stroke Scale (NIHSS) [45] was used to identify the neurological deficit, and to evaluate the patients’ overall physical impairment. Five of them refused to participate. The flow of participants through each stage of the study is shown below (Figure 4).



Twenty-nine patients after ischemic cerebral stroke, (aged 42–89 years; mean, 68 ± 9.2 years), males (17) and females (12), were randomly recruited from the Teaching Department and of the Physical Medicine Department of the MMI. Patients during hospitalization participated in the therapy. The therapy mainly consisted of exercises for the affected limbs. The treatment time of the affected upper limbs during the research period was reduced to 15 min in favor of therapy with the use of the tipstim® device. Study groups were in the subacute (5–7 weeks past stroke) of the disease, with slight neurological deficits (NIHSS ≤ 7). The stable trunk (the Trunk Control Test 74–100 points), in a functional state allowing movements of the upper extremity (FMA-UE 43–49 motor function points, and normal sensation/light touch); tension of forearm and hand muscles measured with Modified Ashworth Scale (MAS 1/1 +) [46,47,48]. The clinical evaluation of patients after a stroke was performed by the physician admitting the patient to the clinic on the day of admission. The characteristics of the subjects are shown in Table 1 and Table 2.



Finally, 29 people were randomly divided into the A/B group (15 people) and the B/A group (n = 14). The A group was treated with the use of tipstim® parameters, while in group B, the device was turned on but the parameters for stimulating the fingertips were not set.




3.2. Outcomes and Estimation


The results of our work can be analyzed in the order consistent with the following research questions:




	
Does the study design minimize carry-over effects?



	
Are there differences in the results between the first and second measurements in each of the group’s A/B and B/A?



	
Will there be a significant difference in the measured parameters in the non-stabilized and stable position depending on the study group (tipstim® vs. placebo)?



	
Is there a relationship between the tipstim® parameters (median and ulnar sensation) and the parameters of motor coordination and handgrip strength?








3.2.1. Pretest to Test Assumptions about Negligible Carry-Over Effects


The analysis was carried out with the Mann–Whitney U test for the sum of the results from the first and second measurements of parameters without stabilization and with stabilization. The analysis showed that higher results were obtained in group B/A than in group A/B, for finger 3 MaxROM for parameters without stabilization (Table 3). It means that the carry-over effect from one measurement to another occurred for one parameter under conditions without stabilization. For measurements in a stabilized position, the carry-over effect did not occur (Table 4).




3.2.2. Test for Differences between Treatment Effects


In order to compare the two groups in terms of the tipstim® effects, an analysis was performed with the Mann–Whitney U test comparing the differences between the first and second measurements in both the groups A/B and B/A.



The conducted analysis showed smaller differences between the measurements in the A/B group than in the B/A group, both in conditions without stabilization (Table 5) and with stabilization (Table 6).



In order to compare the significance of differences in the measured parameters in the non-stabilized and stabilized position depending on the group (timstim® vs. placebo), the Wilcoxon test was performed.



The analysis showed that in the tipstim® group, for the measurement in the stable position, higher values of parameters were obtained for Hz wrist and Hz fingers till 2 to 5, and handgrip strength. In the placebo group, higher values were obtained in the stabilized position for the measurement of Hz wrist, MaxROM wrist, Hz for fingers 2 to 5, and lower values for MaxROM and for fingers 4 and 3. For the remaining parameters, the differences between the stable and unstable positions turned out to be insignificant (Table 7).




3.2.3. Relationships between Tipstim® Parameters (Median/Ulnar Sensation) and Motor Coordination Parameters


Using the Spearman correlation coefficient, the relationship between the tipstim® parameters (median and ulnar sensation) and the motor coordination parameters in the non-stabilized and stabilized position was checked. The correlation coefficients for the performed analyses are presented in Table 8.



The conducted analysis showed no correlation between the tipstim® parameters—median and ulnar sensation and the parameters of motor coordination, both for the measurement without stabilization and with stabilization.






4. Discussion


Main results: The results of the study showed that the improvement of the wrist and hand coordination in stroke patients depends on the passive stabilization of the trunk and upper limb and not on the tipstim® device.



Motor coordination was assessed using the HandTutorTM as well as the work of Carmeli et al. Although in their work the device, apart from the function of the test, was assessed in terms of the effects of therapy [43]. Commonly accepted scales and tests, Trunk Control Test and the Fugl-Meyer assessment were used to analyze the functional conditions of the respondents [46,47,48].



Arya and Pandian emphasized that coordination depends on central pattern generation programs [49]. However, there was no evidence of the representation of spatial attention for the upper limb on the motor map of the cerebral cortex [27,28]. Majoli claimed that the movement plan is automatic, conditioned by decision processes, as part of a hidden eye-hand program [50]. Rand and Rentsch on the other hand proved that the rotational movements of the eyeballs, the oculomotor system, and the upper limb itself are important to recreate the movement of the upper limb [51]. Ming-Jin concluded that the coordination and structure of the upper limb are interrelated [52]. The undisturbed deep feeling was also important for the reproduction of movement [53]. Moreover, a quick change of the direction of movement and of the goal improves the coordination of wrist movement and the achievement of the goal in a motor task [54]. An important statement was made by Fujii et al., who said that motor learning is a process. Acquiring new motor skills takes time for setting new goals. This helps to consolidate the acquired skills [20]. Ranganathan R. et al. confirm that in motor learning a goal that can modulate the course of the movement pattern is important [55].



In the presented study, the aim of which was to assess the influence of the test position and the tipstim® device on the improvement of motor coordination and the strength of the handgrip, many statistically significant results were obtained.



It has been proven that much better results in terms of coordination and handgrip strength can be achieved in the supine position with a stabilized upper limb (stable position), not as a result of using the tipstim® device. Moreover, the parameters of superficial, ulnar and median nerves do not influence the final result. Similar results concerning the influence of the position of the upper limb and stabilization on the coordination of the upper limb were presented by other researchers. Brunnstrom in his book refers to the phenomenon discovered by Souque in 1916, in which lifting a diseased arm often straightened paralyzed fingers [56]. In turn, Ellis MD et al. presented a study in which elbow control is dependent on shoulder abduction, and the force of shoulder abduction influences the moment of elbow flexion, and thus the range of motion achieved (working area) in patients after stroke [57]. Nijland et al. presented a paper in which we read that the recovery of the hemiplegic arm functionality after 6 months can be predicted in a hospital stroke unit using two simple tests, finger extension and shoulder abduction [58]. In the works cited, the stabilization or the shoulder abduction influences the movements of the fingers. In our work, the position of lying on the back and limiting the abduction in the shoulder joint improves the coordination of the wrist and fingers and the strength of the handgrip.



In the presented study, a nine-day wash-out was used to extinguish the effects of the therapy. Many studies, but most of all the methodology of cross-over research, assume the use of a break in subjecting participants to a specific intervention [59,60,61]. This is to prevent the effect of the previous intervention from overlapping with the next one. The statistical analysis of our research confirmed the correctness of this assumption.



In our study, the intervention with tipstim® gave statistically significant results both in a stable position and without stabilization. In many studies in which participants are subjected to interventions using tipstim® parameters, researchers confirm the advantages of using this device in the treatment of stroke patients with sensorimotor disorders [32,34,35,36]. In the analyzed studies, the effectiveness of the therapy was always observed, regardless of the parameters used [33,62,63]. In the presented results of our studies, both studied groups achieved statistically significant results in the stable position, however, taking into account the comparison of the results in groups A/B and B/A, more significant results were achieved in the group starting the intervention with the placebo effect. It is worth noting that the patients started with a similar level of functional assessment, and as we know, both the time and the application of the therapy work to the benefit of the treatment. In this situation, it seems correct to reason that it is in a stable position of the trunk and the affected upper limb that higher results can be obtained. At the same time, it should be noted that each of the interventions lasted only 5 working days, which may indicate that the duration of the therapy with the tipstim® device was too short to achieve better results of coordination and handgrip.



Moreover, the research did not show any significant dependencies between the parameters of motor coordination, grip strength, and middle and elbow sensation of the examined persons. The tipstim® device used only five times does not significantly change the coordination of movements and the grip strength of the hand. The research shows that it is not the tipstim® device, but a stable position of the torso and upper limb that is important for improving coordination of movements and better grip strength.



4.1. The Value of the Study


Our study found that above all passive stabilization of the shoulder and the trunk, it is important to improve the coordination movement and handgrip strength. Stable position, not the device restores the correct pattern movement and helps regain function of the hand.




4.2. Study Limitation


The study may be limited by the small number of respondents, although on the other hand, a parallel model and cross-examination was selected, and used for a small group of people. The therapy session with the use of tipstim® parameters was conducted only five times for each of the test persons. On the other hand, the instructions for using the device do not suggest using the tipstim® a certain number of times in order to obtain a therapeutic effect. In addition, the washout time was nine days and is likely to be insufficient. However, the authors wanted to avoid the effects of patients’ recovery on the results of coordination and grip strength measurements of the affected hand.





5. Conclusions


The repeated use of the tipstim® device did not improve the tested parameters.



Passive stabilization of the trunk and upper extremity might have a positive effect on the restoration of movement coordination in the distal upper limb.



It is important to conduct further studies, in which the time of both interventions will be extended, and we will also select a larger number of respondents.
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Figure 1. The tipstim® device. 






Figure 1. The tipstim® device.
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Figure 2. Patient in a sitting position without back support, feet on the floor, upper limb against the body (i.e., abduction in the shoulder joint and elbow flexion in an intermediate position). 
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Figure 3. Illustration of patient placed in a supine position with the upper extremity held next to the body (i.e., adduction in the humeral joint, and elbow flexion in the intermediate position; passive stabilization of the trunk and shoulder). 
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Figure 4. Consort flow diagram of randomized parallel crossover design. 
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Table 1. Biometric data of study population and clinical control group.






Table 1. Biometric data of study population and clinical control group.





	Group
	Age
	Height
	Body Mass
	BMI





	A/B (n = 15)
	71.73 ± 13.07
	167.60 ± 7.31
	72.53 ± 8.28
	25.79 ± 2.14



	B/A (n = 14)
	63.00 ± 8.18
	174.64 ± 9.58
	80.86 ± 7.03
	26.55 ± 1.84



	Wilcoxon U
	52.50
	62.00
	47.00
	72.00



	Z
	−2.29
	−1.88
	−2.54
	−1.44



	p
	0.022
	0.060
	0.011
	0.150



	effect size
	0.43
	0.35
	0.47
	0.27
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Table 2. The basic epidemiological data of the study population and the clinical control group.
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Participants

	
n = 29 (100%)






	
Post-stroke group

	
A/B

	
B/A




	
n/%

	
15 (51.72%)

	
14 (48.28%)




	
Female

	
6 (40%)

	
6 (42.86%)




	
Male

	
9 (60%)

	
8 (57.14%)




	
Right affected side

	
8 (53.35%)

	
7 (50%)




	
Left affected side

	
7 (46.67%)

	
7 (50%)




	
Dominant right hand

	
29 (100%)




	
Cerebral ischemic stroke

(thromboembolic) n/%

	
29 (100%)




	
Time post stroke/episode (weeks)

	
5–7











[image: Table] 





Table 3. Comparison of groups in terms of sum of parameters from the first and second measurement without stabilization.
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A/B (n = 15)

	
B/A (n = 14)

	

	

	




	

	
Average Rank

	
Mdn

	
IQR

	
Average Rank

	
Mdn

	
IQR

	
Z

	
p

	
r






	
Hz wrist [cyc/s]

	
14.20

	
2.20

	
2.70

	
15.86

	
2.20

	
1.38

	
−0.53

	
0.599

	
0.10




	
MaxROM wrist [mm]

	
13.87

	
35.80

	
21.30

	
16.21

	
38.95

	
13.50

	
−0.74

	
0.458

	
0.14




	
HzF5

	
16.57

	
4.20

	
3.60

	
13.32

	
3.05

	
2.10

	
−1.03

	
0.305

	
0.19




	
MaxROM f5

	
15.80

	
41.70

	
33.30

	
14.14

	
38.30

	
27.60

	
−0.52

	
0.600

	
0.10




	
HzF4

	
16.63

	
4.20

	
3.60

	
13.25

	
3.00

	
2.10

	
−1.07

	
0.285

	
0.20




	
MaxROM f4

	
14.13

	
43.30

	
23.90

	
15.93

	
45.85

	
15.18

	
−0.57

	
0.570

	
0.11




	
HzF3

	
16.63

	
4.10

	
3.60

	
13.25

	
2.90

	
2.03

	
−1.07

	
0.285

	
0.20




	
MaxROM f3

	
11.93

	
42.00

	
12.20

	
18.29

	
47.45

	
12.78

	
−2.01

	
0.045

	
0.37




	
HzF2

	
16.57

	
4.20

	
3.60

	
13.32

	
2.90

	
2.10

	
−1.03

	
0.305

	
0.19




	
MaxROM F2

	
12.03

	
31.10

	
25.80

	
18.18

	
41.70

	
9.80

	
−1.94

	
0.052

	
0.36




	
HzF1

	
16.70

	
3.60

	
3.90

	
13.18

	
2.15

	
2.88

	
−1.11

	
0.265

	
0.21




	
MaxROM F1

	
15.00

	
20.10

	
9.80

	
15.00

	
19.55

	
16.60

	
0.00

	
1.000

	
0.00




	
Grip strength [kg]

	
15.80

	
48.80

	
70.00

	
14.14

	
32.15

	
35.98

	
−0.52

	
0.600

	
0.10








A/B—A-tipstim® group (first measurement), B-Placebo (second measurement); B/A; B-placebo group (first measurement), A–tipstim® (second measurement); ROM—range of motion; one cycle = the movement from flexion to extension. Bolded p-values are statistically significant alt level p < 0.05.
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Table 4. Comparison of groups in terms of the sum of parameters from the first and second measurement with stabilization.






Table 4. Comparison of groups in terms of the sum of parameters from the first and second measurement with stabilization.





	

	
A/B (n = 15)

	
B/A (n = 14)

	

	

	




	

	
Average Rank

	
Mdn

	
IQR

	
Average Rank

	
Mdn

	
IQR

	
Z

	
p

	
r






	
Hz wrist [cyc/s]

	
15.33

	
25.20

	
37.10

	
14.64

	
18.35

	
19.90

	
−0.22

	
0.827

	
0.04




	
MaxROM wrist [mm]

	
12.60

	
18.10

	
12.60

	
17.57

	
21.15

	
10.80

	
−1.57

	
0.116

	
0.29




	
HzF5

	
12.60

	
19.80

	
14.30

	
17.57

	
26.05

	
9.05

	
−1.57

	
0.116

	
0.29




	
MaxROM F5

	
16.00

	
23.20

	
16.90

	
13.93

	
19.50

	
10.05

	
−0.65

	
0.513

	
0.12




	
HzF4

	
15.43

	
23.10

	
14.50

	
14.54

	
19.55

	
11.60

	
−0.28

	
0.777

	
0.05




	
MaxROM F4

	
14.40

	
22.60

	
12.10

	
15.64

	
22.15

	
9.93

	
−0.39

	
0.694

	
0.07




	
HzF3

	
14.87

	
23.40

	
12.40

	
15.14

	
24.20

	
11.15

	
−0.09

	
0.930

	
0.02




	
MaxROM F3

	
12.53

	
21.80

	
13.10

	
17.64

	
25.05

	
9.18

	
−1.62

	
0.106

	
0.30




	
HzF2

	
14.17

	
21.40

	
11.20

	
15.89

	
24.05

	
10.55

	
−0.55

	
0.585

	
0.10




	
MaxROM F2

	
13.27

	
17.90

	
10.70

	
16.86

	
19.90

	
7.13

	
−1.13

	
0.256

	
0.21




	
HzF1

	
14.00

	
16.90

	
13.20

	
16.07

	
18.50

	
9.10

	
−0.65

	
0.512

	
0.12




	
MaxROM F1

	
14.27

	
10.00

	
7.00

	
15.79

	
10.55

	
6.25

	
−0.48

	
0.631

	
0.09




	
Grip strength [kg]

	
16.13

	
34.50

	
35.40

	
13.79

	
26.35

	
19.88

	
−0.74

	
0.458

	
0.14








A/B—A-tipstim® group (first measurement), B-Placebo (second measurement); B/A; B-placebo group (first measurement), A–tipstim® (second measurement); ROM—range of motion; one cycle = the movement from flexion to extension. Bolded p-values are statistically significant alt level p < 0.05.
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Table 5. Comparison of groups in terms of parameter differences from the first and second measurement without stabilization.
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A/B (n = 15)

	
B/A (n = 14)

	

	

	




	

	
Average Rank

	
Mdn

	
IQR

	
Average Rank

	
Mdn

	
IQR

	
Z

	
p

	
r






	
Hz wrist [cyc/s]

	
9.23

	
0.00

	
0.30

	
21.18

	
0.35

	
0.50

	
−3.81

	
<0.001

	
0.71




	
MaxROM wrist [mm]

	
9.60

	
−0.20

	
1.80

	
20.79

	
3.35

	
5.55

	
−3.54

	
<0.001

	
0.66




	
HzF5

	
9.47

	
0.00

	
0.80

	
20.93

	
0.30

	
0.40

	
−3.65

	
<0.001

	
0.68




	
MaxROM F5

	
13.83

	
0.30

	
2.00

	
16.25

	
0.40

	
4.10

	
−0.77

	
0.444

	
0.14




	
HzF4

	
10.03

	
0.00

	
0.80

	
20.32

	
0.30

	
0.40

	
−3.28

	
0.001

	
0.61




	
MaxROM F4

	
13.37

	
0.20

	
2.00

	
16.75

	
1.15

	
2.65

	
−1.07

	
0.285

	
0.20




	
HzF3

	
9.50

	
0.00

	
0.70

	
20.89

	
0.35

	
0.40

	
−3.62

	
<0.001

	
0.67




	
MaxROM F3

	
11.00

	
−0.10

	
1.70

	
19.29

	
1.10

	
2.75

	
−2.63

	
0.009

	
0.49




	
HzF2

	
9.53

	
0.00

	
0.80

	
20.86

	
0.30

	
0.40

	
−3.60

	
<0.001

	
0.93




	
MaxROM F2

	
11.90

	
−0.30

	
1.30

	
18.32

	
0.30

	
2.43

	
−2.03

	
0.042

	
0.52




	
HzF1

	
12.67

	
0.00

	
0.50

	
17.50

	
0.30

	
0.58

	
−1.53

	
0.125

	
0.40




	
MaxROM F1

	
9.77

	
−0.30

	
2.10

	
20.61

	
0.60

	
2.73

	
−3.43

	
0.001

	
0.89




	
Grip strength [kg]

	
12.00

	
−0.10

	
0.80

	
18.21

	
0.45

	
2.95

	
−1.97

	
0.049

	
0.51








A/B—A-tipstim® group (first measurement), B-Placebo (second measurement); B/A; B-placebo group (first measurement), A–tipstim® (second measurement); ROM—range of motion; one cycle = the movement from flexion to extension. Bolded p-values are statistically significant alt level p < 0.05.
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Table 6. Comparison of groups in terms of differences in parameters from the first and second measurement with stabilization.
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A/B (n = 15)

	
B/A (n = 14)

	

	

	




	

	
Average Rank

	
Mdn

	
IQR

	
Average Rank

	
Mdn

	
IQR

	
Z

	
p

	
r






	
Hz wrist [cyc/s]

	
11.63

	
−0.10

	
0.70

	
18.61

	
0.20

	
0.55

	
−2.22

	
0.026

	
0.41




	
MaxROM wrist [mm]

	
12.80

	
−0.30

	
2.30

	
17.36

	
0.55

	
13.73

	
−1.44

	
0.150

	
0.27




	
HzF5

	
9.70

	
−0.10

	
0.50

	
20.68

	
0.30

	
0.65

	
−3.50

	
<0.001

	
0.65




	
MaxROM F5

	
12.13

	
−0.50

	
1.60

	
18.07

	
0.15

	
3.10

	
−1.88

	
0.060

	
0.35




	
HzF4

	
9.20

	
−0.10

	
0.50

	
21.21

	
0.30

	
0.85

	
−3.82

	
<0.001

	
0.71




	
MaxROM F4

	
12.33

	
−0.60

	
2.60

	
17.86

	
0.35

	
4.83

	
−1.75

	
0.081

	
0.32




	
HzF3

	
9.03

	
−0.10

	
0.50

	
21.39

	
0.35

	
0.55

	
−3.92

	
<0.001

	
0.73




	
MaxROM F3

	
11.37

	
−0.40

	
2.00

	
18.89

	
0.60

	
5.98

	
−2.38

	
0.017

	
0.44




	
HzF2

	
9.13

	
0.00

	
0.60

	
21.29

	
0.35

	
0.55

	
−3.86

	
<0.001

	
1.00




	
MaxROM F2

	
11.57

	
−0.50

	
4.50

	
18.68

	
0.40

	
3.48

	
−2.25

	
0.025

	
0.58




	
HzF1

	
13.30

	
−0.30

	
1.50

	
16.82

	
−0.05

	
0.90

	
−1.11

	
0.265

	
0.29




	
MaxROM F1

	
10.13

	
−0.40

	
1.50

	
20.21

	
0.80

	
4.38

	
−3.19

	
0.001

	
0.82




	
Grip strength [kg]

	
10.43

	
−0.50

	
3.80

	
19.89

	
0.80

	
0.88

	
−2.99

	
0.003

	
0.77








A/B—A-tipstim® group (first measurement), B-Placebo (second measurement); B/A; B-placebo group (first measurement), A–tipstim® (second measurement); ROM—range of motion; one cycle = the movement from flexion to extension. Bolded p-values are statistically significant alt level p < 0.05.
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Table 7. Comparison of groups in terms of differences in parameters measured in the unstable and stable positions.
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without Stabilization

	
with Stabilization

	

	

	




	
Mdn

	
IQR

	
Mdn

	
IQR

	
Z

	
p

	
r






	
A (tipstim®)

	

	

	

	

	

	

	




	
Hz wrist [cyc/s]

	
1.2

	
1.2

	
1.4

	
0.7

	
−2.49

	
0.013

	
0.33




	
MaxROM wrist [mm]

	
18.7

	
8.5

	
18.6

	
10.6

	
−0.69

	
0.489

	
0.09




	
HzF5

	
1.8

	
1.15

	
2.2

	
1.25

	
−2.31

	
0.021

	
0.30




	
MaxROM F5

	
20.1

	
14.75

	
20.1

	
11.35

	
−0.45

	
0.650

	
0.06




	
HzF4

	
1.8

	
1.15

	
2.1

	
1.3

	
−2.59

	
0.010

	
0.34




	
MaxROM F4

	
22.8

	
9.3

	
21.5

	
11.4

	
−1.06

	
0.289

	
0.14




	
HzF3

	
1.7

	
1.15

	
2.1

	
1.25

	
−2.51

	
0.012

	
0.33




	
MaxROM F3

	
22.8

	
7.1

	
20.6

	
9.8

	
−1.50

	
0.133

	
0.20




	
HzF2

	
1.7

	
1.1

	
2.2

	
1.15

	
−2.63

	
0.008

	
0.35




	
MaxROM F2

	
18.8

	
7.5

	
17.9

	
8.7

	
−0.03

	
0.974

	
0.00




	
HzF1

	
1.5

	
1.85

	
1

	
2

	
−0.04

	
0.968

	
0.01




	
MaxROM F1

	
10.7

	
6.5

	
10.1

	
5.95

	
−0.55

	
0.581

	
0.07




	
Grip strength [kg]

	
16.9

	
19.6

	
21.9

	
20.35

	
−2.07

	
0.039

	
0.27




	
B (Placebo)

	

	

	

	

	

	

	




	
Hz wrist [cyc/s]

	
1

	
1.05

	
1.3

	
1.25

	
−2.72

	
0.007

	
0.36




	
MaxROM wrist [mm]

	
17.5

	
8.70

	
20.2

	
11.45

	
−2.08

	
0.038

	
0.27




	
HzF5

	
1.8

	
1.65

	
1.8

	
1.80

	
−2.07

	
0.039

	
0.27




	
MaxROM F5

	
17.6

	
14.85

	
18.4

	
12.90

	
−0.49

	
0.627

	
0.06




	
HzF4

	
1.8

	
1.60

	
1.8

	
1.90

	
−1.14

	
0.256

	
0.15




	
MaxROM F4

	
21.4

	
10.45

	
20.7

	
11.70

	
−2.11

	
0.035

	
0.28




	
HzF3

	
1.8

	
1.45

	
1.8

	
1.80

	
−2.10

	
0.035

	
0.28




	
MaxROM F3

	
21.1

	
8.30

	
20.1

	
10.15

	
−2.56

	
0.010

	
0.34




	
HzF2

	
1.8

	
1.50

	
1.8

	
1.80

	
−1.97

	
0.049

	
0.26




	
MaxROM F2

	
17.8

	
9.30

	
16

	
8.10

	
−0.47

	
0.642

	
0.06




	
HzF1

	
1.1

	
1.80

	
0.8

	
1.55

	
−0.03

	
0.973

	
0.00




	
MaxROM F1

	
9.5

	
7.20

	
8.5

	
8.20

	
−1.59

	
0.111

	
0.21




	
Grip strength [kg]

	
17.2

	
20.35

	
15.3

	
19.90

	
−1.05

	
0.294

	
0.14








ROM—range of motion; one cycle = the movement from flexion to extension. Bolded p-values are statistically significant alt level p < 0.05.
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Table 8. Spearman correlation coefficients (rs) for the relationship between the tipstim® parameters and the motor coordination parameters.
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Parameters

	
Tipstim®

Median Sensation

	
Tipstim®

Ulnar Sensation

	
Tipstim®

Median Sensation

	
Tipstim®

Ulnar Sensation




	
rs

	
p

	
rs

	
p

	
rs

	
p

	
rs

	
p




	
without Stabilization

	
with Stabilization






	
Hz wrist [cyk/s]

	
0.12

	
0.356

	
0.09

	
0.492

	
0.04

	
0.777

	
0.03

	
0.831




	
HzF5

	
0.14

	
0.302

	
0.12

	
0.369

	
0.05

	
0.701

	
0.01

	
0.947




	
MaxROM F5

	
0.07

	
0.629

	
0.03

	
0.812

	
0.08

	
0.551

	
0.09

	
0.501




	
HzF4

	
0.01

	
0.949

	
−0.02

	
0.895

	
−0.03

	
0.812

	
0.00

	
0.978




	
MaxROM F4

	
0.05

	
0.725

	
0.01

	
0.924

	
0.12

	
0.377

	
0.13

	
0.344




	
HzF3

	
0.04

	
0.790

	
0.01

	
0.970

	
0.08

	
0.555

	
0.06

	
0.640




	
MaxROM F3

	
0.07

	
0.618

	
0.03

	
0.813

	
0.09

	
0.499

	
0.10

	
0.465




	
HzF2

	
0.14

	
0.304

	
0.07

	
0.609

	
0.15

	
0.251

	
0.12

	
0.380




	
MaxROM F2

	
0.06

	
0.649

	
0.03

	
0.828

	
0.09

	
0.519

	
0.10

	
0.471




	
HzF1

	
0.12

	
0.375

	
0.03

	
0.835

	
0.08

	
0.542

	
0.05

	
0.695




	
MaxROM F1

	
−0.03

	
0.798

	
−0.08

	
0.563

	
0.10

	
0.467

	
−0.02

	
0.907




	
HzF5

	
−0.01

	
0.930

	
−0.02

	
0.913

	
0.15

	
0.252

	
0.14

	
0.310




	
Grip strength [kg]

	
−0.02

	
0.878

	
−0.06

	
0.671

	
0.02

	
0.860

	
0.01

	
0.963








ROM—range of motion; one cycle = the movement from flexion to extension.
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