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Background: Resting tremor is a cardinal symptom of Parkinson’s disease (PD) that contributes to the physical, emotional, and economic burden of the disease.

Objective: The goal of this study was to investigate the safety, tolerability, and preliminary effectiveness of a novel wearable vibrotactile stimulation device on resting tremor in individuals with PD.

Methods: Using a randomized cross-over design, subjects received two different vibrotactile stimulation paradigms (high amplitude patterned and low amplitude continuous) on two separate laboratory visits. On each visit, resting tremor was video recorded for 10 min at baseline and while the vibrotactile stimulation was applied. Tremor severity was scored by a blinded clinician.

Results: Both vibration paradigms were well safe and well tolerated and resulted in a reduction in resting tremor severity with a moderate effect size (n = 44, p < 0.001, r = 0.37–0.54). There was no significant difference between the two vibration paradigms (p = 0.14).

Conclusion: Short durations of vibrotactile stimulation delivered via wearable devices were safe and well tolerated and may attenuate resting tremor severity in individuals with PD. The sample size as well as the potential preliminary effectiveness revealed by two arms of the study could not eliminate the potential for a placebo effect.
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INTRODUCTION

Resting tremor is a highly prevalent and burdensome symptom of Parkinson’s disease (PD) (Hughes et al., 1993; Louis et al., 1997; Kowal et al., 2013). With no available cure for PD, current therapies target the symptoms of the disease. Responses of resting tremor to pharmaceutical intervention vary widely between individuals (Kalia and Lang, 2015; Pasquini et al., 2018) and variations in tremor intensity accompany medication “off” periods that occur even with extended release formulations (Ramirez-Zamora and Molho, 2014). Surgical interventions may provide more pronounced and consistent alleviation of resting tremor (Deuschl et al., 2006), but have limited clinical indications (Morgante et al., 2007; Kestenbaum et al., 2015). Therefore, auxiliary therapies for resting tremor remain highly desirable. Whole body vibration such as vibrating chairs and platforms has been investigated as a potential means to reduce resting tremor, however, results have been inconsistent (Haas et al., 2006; King et al., 2009; Kapur et al., 2012; Gaßner et al., 2014). Regardless of efficacy, such interventions do not represent a practical solution for many individuals as they are immobile, expensive and not highly customizable. If effective at lessening resting tremor, wearable vibrotactile stimulation devices may represent an attractive solution to PD patients. The aim of this pilot study was to evaluate the safety and tolerability of vibrotactile stimulation delivered via wearable devices on Parkinsonian resting tremor. We also aimed to collect preliminary effectiveness data on each study arm.



MATERIALS AND METHODS


Subjects

Participants with a diagnosis of PD and resting tremor in one or both hands were enrolled in the study. All subjects provided written informed consent. The study was approved by the local Program for Protection of Human Subjects (IRB 17-00555). All study procedures took place at the Abilities Research Center at Mount Sinai Hospital between July 2017 and January 2018. Individuals with moderate to severe cognitive impairment, pre-existing essential tremor, deep-brain stimulation implant, or sensory impairments that would make their response to sensory stimulation unpredictable were excluded from the trial.



Study Design

This feasibility study was a randomized cross-over clinical trial. Each individual was assessed on two different occasions, with a 1–14-day interval between visits. Baseline assessments involved a 10-min video recording of baseline resting tremor. The wearable vibrotactile stimulation devices were then placed over the subject’s wrists and ankles and another 10-min video recording was collected while vibrotactile stimulation was delivered. During recordings, subjects were seated with their knees and feet together, with forearms positioned on the armrests of the chair so that their hands hung unobstructed from their wrists. Subjects were instructed not to alter their medication schedule but significant effort was made to ensure that both study sessions occurred at the same time of day, under the same medication parameters for all participants. Both visits were scheduled at a similar time of day when their tremor was thought likely to be present.



Vibrotactile Stimulation

The vibrotactile stimulation was applied to both wrists and ankles using four custom-built wearable devices to promote an optimal full body vibrotactile stimuli. Each device involved a vibration unit with two eccentric rotating mass actuators approximately 75 mm apart (Figure 1A), which was housed in a cloth pouch that was fastened to the limb using a Velcro strap (Figure 1B). On one visit, the devices provided six distinct vibration patterns to evaluate the overall tolerability of strong, noticeable vibrotactile stimulation paradigms (Figure 2A). The frequency of vibrations during these patterns ranged from 40 to 200 Hz. Each pattern was 80 s in duration, with 20 s separating each pattern; making a total of 10 min, and participants were given the opportunity to provide feedback about each pattern of vibrotactile stimulation (Figure 2B). During the other visit, the devices provided a continuous vibration at approximately 48 Hz to evaluate the overall tolerability of a weak, barely noticeable vibrotactile stimulation paradigm. This vibration was also applied for six 80 s blocks, with a brief pulse of vibration marking the start and end of each block, and 20 s separating each block. These two vibration paradigms are hereon referred to as high amplitude patterned (HA-P) vibration and low amplitude continuous (LA-C) vibration, respectively. Vibration intensity (full, strong, medium, or weak) was set up initially at full and adjusted according to subject’s tolerance throughout each session.
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FIGURE 1. The wearable vibrotactile stimulation device. Each vibration unit powered two eccentric rotating mass actuators from which the vibrotactile stimulation was delivered (A). The vibration units were housed in cloth pouches that were attached to the subject’s wrists and ankles using a Velcro strap (B).
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FIGURE 2. Schematic representation of the vibrotactile stimulation protocol. The vibration patterns for the HA-P vibration trial (A) were three crafted waveforms; left-right oscillating (1), on-off oscillating (2), and sawtooth (3), and three audio extracted waveforms; random chimes (4), slow ternary monophonic music track (5), and fast electronic music track (6). Conversely, for the LA-C vibration trial the stimulus was constant (not shown). Each bout of vibration was delivered for 80 s with 20 s off-periods separating each bout (B).




Quantification of Tremor

Subjects were video recorded (30 Hz) using the Microsoft Kinect 2 throughout both visits. Resting tremor severity was scored according to item 20 of the Unified Parkinson’s Disease Rating Scale (UPDRS) by a clinician who was blinded to vibration status. Resting tremor severity was scored on a minute-by-minute basis throughout the four 10-min resting tremor assessments; both the baseline and vibration periods of the HA-P vibration and LA-C vibration trials.



Statistical Analyses

We used multilevel modeling to test for within- and between-subject differences in tremor severity while accounting for the within-subject non-independence of the repeated measures. Baseline tremor scores were similar between visits, and were therefore averaged to simplify these models. Gender, age, time since diagnosis, whether the participant was currently taking Parkinsonian medication, and time since last medications dose showed no significance as covariates and were therefore removed from the model. Final analyses used three-level models with tremor severity scores at level 1, experimental condition (averaged baselines, HA-P vibration, and LA-C vibration) at level 2, and subjects at level 3. Effect sizes were computed using the standardized regression coefficients.




RESULTS


Subjects

Fifty-two subjects were enrolled in the study. One subject dropped out after the first visit due to inability to tolerate the seated position, and another opted out for personal reasons not given. Six subjects did not exhibit a resting tremor in both the baseline and vibration recordings in one or both of the laboratory visits and were subsequently excluded from the analysis. Thus, data analysis was performed on the remaining 44 subjects (33/11 males/females; age: 67 ± 10 years; time since diagnosis: 6 ± 4 years). All resting tremor severity scores ranged between 0 and 3. Most participants (93%) were undergoing pharmacological treatment for Parkinsonian symptoms at the time of the study, including levodopa, dopamine agonists, and antidepressants. Time between study session and last medication dose was 4.9 ± 4.0 and 5.4 ± 4.9 h for the LA-C and HA-P vibration trials, respectively.



Safety and Tolerance

All subjects tolerated the vibrotactile stimulation well, with no reported adverse events. Five (11%) requested decrease in vibration intensity. No subjects reported discomfort in response to the stimulation or requested early termination of the vibration. Comments and setting preferences are detailed in Table 1.


TABLE 1. Vibration paradigm, intensity, and comments during study visits.
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Effect of Vibrotactile Stimulation

Figure 3 provides an overview of the changes in resting tremor severity score between baseline and during application of the vibrotactile stimulation. For the HA-P vibration trial, 16 subjects exhibited a decrease in median resting tremor severity compared to four subjects showing an increase, while 24 subjects exhibited no change. Similarly, for the LA-C vibration trial, 26 subjects exhibited a decrease in median tremor severity compared to three subjects exhibiting an increase, while 15 subjects displayed no change.
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FIGURE 3. Changes in median resting tremor severity scores between baseline and during vibration for the HA-P (top) and the LA-C (bottom) vibration trials. The rows and columns of the grid refer to the tremor severity scores during baseline and vibration, respectively, with each square displaying the number of subjects who received these scores. Squares in the lower left corner of the grid represent the number of subjects that exhibited reductions in tremor severity with the vibrotactile stimulation, squares in the upper right represent increases in tremor severity, and squares in the main diagonal represent no change.


The multilevel models identified significant differences in tremor severity between baseline and HA-P [t(88.0) = 3.39, p < 0.001, r = 0.54], and baseline and LA-C [t(88.8) = 4.80, p < 0.001, r = 0.37]. No difference was identified between HA-P and LA-C with [t(42.0) = 2.04, p = 0.16] or without controlling for each subject’s baseline tremor severity score [t(89.5) = 1.50, p = 0.14].




DISCUSSION

Our results demonstrated that two different paradigms of 10 min of vibrotactile stimulation of the wrists and ankles using a novel set of wearable devices was safe and well tolerated by individuals with Parkinsonian resting tremor. The associated effect sizes were moderate in both the HA-P and LA-C vibration paradigms, with only a small number of subjects exhibiting an abolition of resting tremor (HA-P: n = 5; LA-C: n = 6) or a reduction of more than one point (HA-P: n = 3; LA-C: n = 3). These effects were not as pronounced as those frequently observed by pharmaceutical or surgical intervention (Bejjani, 2000), however, as patients often abandon Parkinson’s medications due to side effects, the demand for well-tolerated auxiliary therapies remains considerable.

The neurological mechanism by which vibrotactile stimulation may relieve motor symptomology of PD is not fully described, but may be related to the pathophysiology of PD. Dopamine depletion leads to pathologically increased neuronal synchronization in the beta frequency (15–30 Hz) band throughout the basal ganglia, thalamus and sensorimotor cortex (Brittain and Brown, 2014). Disruptions in synchronization in this frequency band are associated with improvements in motor symptoms (Kuhn et al., 2008). Tactile stimulation of the skin causes a decrease in synchronous beta band activity in the sensorimotor cortex (Gaetz and Cheyne, 2006). Therefore, it is plausible that vibratory input to the skin may be capable of disrupting the pathological beta activity observed in PD and relieving the accompanying motor symptomology (Sharififar et al., 2014; Syrkin-Nikolau et al., 2018).

The main limitation of the current study was the sample size and also the potential for a placebo effect given that both stimulation paradigms revealed clinical benefits. The inclusion of an adequate sham condition is pertinent in PD as expectations of benefit can lead to dopaminergic activation (de la Fuente-Fernández et al., 2001) and this pilot trial was important as it revealed that the two conditions were active stimulation and therefore could not be considered a sham for future trials. An additional limitation of the current study was that the duration of the safety and tolerability evaluation was quire short and therefore does not provide us with information regarding safety and tolerability of this technology in an extended home use context. Further investigation of the current wearable devices is therefore required to determine how the moderate benefits observed in the current investigation compare to placebo responses, and to evaluate safety and tolerability of the technology in a home environment.



CONCLUSION

In conclusion, this pilot study demonstrated that short durations of vibrotactile stimulation delivered via wearable devices is a safe and feasible intervention stimulus in individuals with PD, and may confer a mild to moderate relief of resting tremor severity. Future research should examine the effects of extended home use of wearable devices on a broader range of motor impairments.
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