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Abstract
Background
Individuals diagnosed with Huntington’s Disease (HD) endure an array of physical, cognitive, and psychological changes over the stages of the disease. Due to the complexity of this disease, developing interventions becomes a challenging task for health care practitioners and they must use creative solutions to cater to the needs of service-users. Among the multitude of symptoms associated with HD, deficits in sensory processing are evident in the earlier stages and contribute to the physical impairments. Utilizing sensory-based interventions to acknowledge the sensory processing issues may prove to be beneficial and have positive outcomes on functional movement in HD. 
Literature Review 
Upon completion of the literature review, a significant lack of research was evident for HD related sensory-based interventions. Due to this, the search strategy was expanded to related movement disorders and neurodegenerative conditions, the findings were then applied in an HD context to illustrate the suitability for sensory-based weighted vest interventions. The literature review also revealed preliminary evidence for weighted vest’s ability to address the deficits in spatiotemporal gait parameters and increased postural sway in HD and other related conditions. It was also found that weighted therapy interventions may help address sleep disturbance, agitation/aggression, and anxiety; all of which are symptoms in HD and known to negatively influence movement. 
Research Proposal
A single session quasi-experimental non-equivalent groups design was proposed to explore the role of a weighted vest (2% of user’s bodyweight) on functional movement in HD. Measurement outcomes will be calculated by obtaining objective, quantifiable data using wearable inertial sensors and through subjective observations by the researcher using the Unified Huntington’s Disease Rating Scale (UHDRS). Data will be collected and analyzed on the participants spatiotemporal gait parameters and postural sway markers. This data will be obtained under two different tests, the two-minute walking test (2MWT), and the modified clinical test of sensory interaction in balance (mCTSIB) for weighted and unweighted conditions. A two-way ANOVA with repeated measures and a Boniferroni correction test will then be implemented to determine if true statistical significance is reached for any of the outcome measures under both weighted and unweighted conditions.
Conclusion:
Individuals diagnosed with HD experience many issues that can influence their quality-of-life (QoL) and functional movement which may impact their occupational performance and participation. This research proposal aimed to explore the possibility of utilizing a weighted vest to address some of the influencing factors associated with functional movement. Explained throughout the paper, a weighted vest intervention may also acknowledge other symptoms associated with HD, and further research will need to be carried out to determine its effectiveness. 
Word Count: 13, 742
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Chapter 1: Introduction

1.1 Aims & Objectives:

This study aims to explore the current state of knowledge for sensory-based weighted vest interventions in Huntington’s Disease (HD) through a literature review. There is a lack in both research and interventions associated with HD, therefore information has been collected from appropriate disciplines as well as other related neurodegenerative conditions and movement disorders. The findings from the literature review will then be applied to HD where their relevance and applicability will be discussed. 

This study will then investigate the use of weighted vest interventions and their influence on functional movement by measuring spatiotemporal gait parameters and postural sway in the empirical methods proposed in Chapter 3.

1.2 Context:

Since the availability of gene specific HD testing introduced in 1993, there is presently no cure, disease modifying treatment (DMT), and minimal evidence-based therapeutic interventions available (McColgan & Tabrizi, 2018). When compared to similar neurodegenerative conditions such as Multiple Sclerosis (MS), Parkinson’s Disease (PD), Alzheimer’s disease, and some Ataxia’s, HD is unique due to the rare hereditary trait. At-risk individuals have a 50% chance of inheriting the mutated gene from their gene-positive biological parent and the usual age of onset for HD symptoms is 35-55 years old with mortality occurring 15-25 years after motor symptoms begin (Leng et al., 2003; Cook et al., 2012; Fisher & Brown, 2017; Ferreira et al., 2021). Acknowledged as the “Triad of Symptoms”, HD presents clinical symptoms impacting the motor, cognitive, and psychological well-being of an individual (Franklin et al., 2021; Exuzides et al., 2022). These symptoms will affect individuals and families in various ways and at different stages throughout their lifespan (Leng et al., 2003; Nance et al., 2013; Bono et al., 2021). Over time, those with HD endure global brain atrophy, although substantial loss and dysfunction is found in the basal ganglia (BG) which is sometimes referred to as the ’gate keeper’ that filters incoming and outgoing signals/stimuli in the brain to enable certain movements and inhibit unwanted signals that may interfere with the desired voluntary movement (Lanciego et al., 2012; Patel et al., 2014; Bertucco & Sanger, 2015). Notorious for the presence of chorea, decreased coordination, voluntary movement abnormalities, rigidity, and other movement disorders such as dystonia and bradykinesia, the negative implications on motor control and functional movement in HD are unprecedented (Pla et al., 2014; Vuong et al., 2018; Julio et al., 2022).  

The current HD interventions revolve around low success-rate pharmacological interventions focussed on symptom management and due to the negative side-effects commonly associated with the medication, there is an emerging call for non-pharmacological solutions (Ferreira et al., 2021). Growing evidence for the use of sensory-based interventions for neurodegenerative conditions by way of weighted therapy vests is developing, however, this has yet to be explored in the HD population. This subsequently leads to the relevance of occupational therapy practice as functional movement and sensory-based interventions are within the scope of practice and directly influence occupational participation and performance. 

For the purpose of this paper, the motor symptoms of HD will be examined in further detail, however, a general overview of HD symptoms can be referred to in Table 1 below. Further reading into the symptoms of HD can be accomplished with the work of Johnson, et al. (2014); Nance, et al. (2013); Stoker, et al. (2022), and through the videos of Jimmy Pollard (Appendix 1) where he is able to explain the cognitive aspects of HD in a clear and relatable manner. Further reading regarding the neural pathways associated with HD can be completed with the following articles (Rosas et al., 2008; McColgan & Tabrizi, 2018). 





Table 1: General Overview of HD Progression and Symptomology 
	Signs & Symptoms
	Pre-Manifest
	Early Stage
	Middle Stage
	Late Stage

	Motor
	Mild gait changes
	Mild Chorea

Abnormal extraocular movement

Mild loss of coordination

Clumsiness
	Chorea

Dystonia

Rigidity & spasticity

Voluntary movement abnormalities

Dysphagia & dysarthria

Falls

Reduced manual dexterity

Fatigue

Weight loss

Balance & gait issues
	Bradykinesia

Rigidity & spasticity

Severe voluntary movement abnormalities

Incontinence

Dysarthria & dysphagia

Parkinsonism 

24-hour postural management 

	Cognitive
	Difficulty with complex thinking and organizing tasks
	Mild problems with planning, sequencing, organizing, and prioritizing tasks
	Memory loss

Lack of insight & self-awareness

Difficulty dual tasking

Impaired concentration & attention 

Impaired executive functioning 

Communication issues

Intellectual decline
	Global dementia

Severe communication issues

Exacerbation of all previous symptoms


	Psychological
	Depression

Agitation 

Irritability
	Sadness

Depression

Agitation

Anxiety

Irritability

Personality changes
	Impulsivity

Paranoia

Suicidal ideation & behaviour

Delusions or hallucinations

Apathy
	Delirium


(Cook et al., 2012; Cook et al., 2012)

It is worth noting that the author of this dissertation developed this idea through the experience in two of their clinical placements. While working with young adults with disabilities, this author used sensory-based interventions to manipulate sensory cues and provide extra stimulation to the service-users and saw a positive influence on occupational performance and participation. After learning about the sensory issues associated with HD, the author of this paper then questioned if increased proprioceptive and tactile feedback could have a similar effect on the HD population. Throughout this author’s HD clinical placement, there were numerous conversations with caregivers and service-users where the need for non-pharmacological interventions was expressed and reinforced the author’s desire to pursue this topic. 

1.3 Sensory Integration, Sensory-Based, Somatosensory

It is understood that abnormal somatosensory, and sensorimotor integration impacts voluntary and involuntary muscle control observed in PD, HD, dystonia, and chorea and thus influences one’s ability to engage in Activities of daily living (ADL), instrumented activities of daily living (IADLs), and occupations in a safe and efficient manner (Patel et al., 2014; Avanzino et al., 2015; Reyes et al., 2018; Avanzino et al., 2020). Occupational therapists are equipped to provide sensory interventions to meet the complex needs of HD individuals and within this paper, proprioceptive and tactile interventions will be reviewed and analysed. Table 2 clarifies the definitions of appropriate terminology. 

Table 2: Sensory Terminology 
	Term
	Definition

	Sensory Integration (SI)
	Trademarked by Dr. Jean Ayres, it is the processing, organizing, and responses of sensory information in the brain received by the five senses (Lane & Reynolds, 2019).

	Somatosensory
	The somatosensory system processes information involving the sensations of the body like temperature, tactile, proprioceptive, and vibratory feedback (Lane, 2019).

	Sensory-Based Intervention
	Environmental adaptations or modifications altering sensory input to regulate or change responses in the sensory system. Involves somatosensory and SI (Lane & Reynolds, 2019).

	Proprioception
	Sensory receptors located on joints, muscles, and tendons that provide information on body movements, positioning, force, and speed (Lane, 2019).

	Tactile
	External stimuli (touch) applied to the skin, often inputs from compression, pressure, and texture (Lane, 2019). 



1.4 Current Prevalence

The prevalence of HD varies world-wide, so for the purpose of this paper, the statistics from the United Kingdom (UK), and Scotland will be depicted. For manifest HD (mHD), the prevalence per 100,000 in Northern Scotland, all of Scotland, and the UK is 14.6, 16.1, and 12.3 respectively; known for higher rates of occurrence, Northern Scotland presents numbers 3x greater than Europe and 5x greater than the projected worldwide (Kounidas et al., 2021). One of the most recognizable symptoms of HD is chorea, which is reported to affect nearly 90% of all gene carriers across the stages of the disease (Bhidavasiri & Truong, 2004; Nance et al., 2013; Thorley et al., 2018). With the dominant presence of chorea alongside other movement issues mentioned previously, it is evident that the motor deficits of HD have implications on spatiotemporal gait parameters such as decreased gait velocity, stride length, and cadence, then increased disordered gait control, stride time, double support time, and postural sway (Rao et al., 2008; Panzera et al., 2011; Vuong et al., 2018). These factors alone, without taking the cognitive, and psychological symptoms into consideration significantly increase the falls-risk for HD individuals and have a direct impact on their QoL and ability to engage in meaningful occupations (Panzera et al., 2011; Carlozzi et al., 2016; Vuong et al., 2018; Porciuncula et al., 2020). In a study completed by Thorley, et al. (2018), 72% of participants revealed that it was ‘very important’ to manage their chorea. In the same study, 45% of participants indicated they were taking medication to manage their movements; however, only 47% of them agreed that the medication was helping. Like non-pharmacological interventions, the evidence for pharmacological therapy is scarce with only 2 FDA approved medications to potentially treat chorea (Suchowersky & Comella, 2012; Zeilonka et al., 2015; Ferreira et al., 2021). 
1.5 Current Recommendations

Given the complexity and progressive nature of HD that has an inseparable impact on families, health care professionals must adopt creative care strategies for service-users (Nance et al., 2013; Scottish Huntington’s Association 2022). The European Huntington’s Disease Network (EHDN) assigned a taskforce to generate worldwide evidence-based recommendations for treatments of HD to help acknowledge the gap in best-practice recommendations (Levi et al., 2019). In relation to motor symptoms, most recommendations were based on pharmaceutical interventions; however, physiotherapy was mentioned multiple times to assist with gait, balance, core strength, stability, and fall prevention programs. Occupational therapy was referenced to prescribe adaptive equipment for mobility and balance. While this can be considered a step in the right direction, this still does not address the issue of how therapists should assist and what interventions geared to the needs of HD individuals should be used. Across multiple studies, there is a consistent recommendation for early interventions (Cook et al., 2012; Nance et al., 2013; Levi et al., 2019). Providing appropriate care for this population, requires a multidisciplinary approach as the clinical phenomenology of HD varies significantly and impacts individuals in all aspects of their life across the stages of HD (Cook et al., 2012; Nance et al., 2013; Zeilonka et al., 2015). The Scottish Huntington’s Association (SHA) use the Guiding Principles of the National Care Framework to ensure a high quality of care that is flexible and tailored to each person (Scottish Huntington’s Association 2022). The guiding principles are as follows:

· A Person-centred Approach (PCA)
· A Family-centred Approach (FCA)
· A Biopsychosocial Model of Health and Disability
· Personalization 
· Palliative care Approach 

Nevertheless, despite the dearth of evidence-based interventions and best practice guidelines, it is not due to a lack of effort. In 2012, the ENROLL-HD global platform was established to recruit HD research participants (~25,000) to collaboratively work together to develop and evaluate HD therapeutic interventions (Sathe et al., 2021). Regarded as the ‘gold standard’, the UHDRS is a standardized clinical measure for cognitive, behavioural, motor, and functional abilities that is completed annually (Cook et al., 2012; Sathe et al., 2021; Julio et al., 2022; Little et al., 2022). It should also be acknowledged that there are currently no NICE guidelines in place for HD, which limits the accessibility healthcare professionals have to inform their practice. 

Regarding weighted vests, there are currently no standards of practice or guidelines for their use; yet despite this, there is anecdotal support for them (Eron et al., 2020). A study completed by Olson & Moulton, (2004) interviewed occupational therapists using weighted vests with service-users and the findings were reflective of the lack of guidelines. While all therapists used different strategies, the weight ranges were between 2% and 10% of the individuals body weight; some of the therapists referenced they used the guidelines for the weight of backpacks which is up to 10% of body weight. While Anecdotal support can be useful, there is a need to increase in evidence-based research to inform practitioners for safe and effective use. 














Chapter 2: Literature Review

2.1 Introduction

A literature review serves to provide context and background on existing research that will support the empirical study in hopes of advancing knowledge and solutions in practice (Maggio et al., 2016; Lim et al., 2022). This systematic process acts to inform methodology and minimize duplicative research through a critical analysis and provide readers with a basis for hypothesis and proposals that are to follow (Maggio et al., 2016; Lim et al., 2022).  The initial search strategy generated two studies that referenced weighted sensory interventions with HD participants; however, they were used to see their influence on aggression and involved the same sample participants and research authors which can limit generalisability (Brown & Fisher, 2015; Fisher & Brown, 2017). Although they did mention a reduction on involuntary movements, this was purely observational, and no measures or tools to capture this improvement was mentioned. Due this lack of HD literature, the search strategy was opened to related neurodegenerative conditions to inform the literature review. 

The upcoming literature review aimed to explore the use of proprioceptive and tactile feedback manipulation via weighted vests in neurodegenerative conditions as well as the existing literature for measuring functional movement in HD. The purpose of the review is to discover the effectiveness of these sensory interventions, determine the efficacy and reliability of wearable inertial sensors, and to establish if these may have a role in functional movement for HD.  The themes identified across the five papers will be discussed in addition to the suitability of a weighted vest intervention for the HD demographic.






2.2 Methods

2.2.1 Search Strategy

A computerized search using electronic databases including Web of Science, SCOPUS, APA Psychinfo, MEDLINE, and CINAHL was completed. Refer to Appendix 2 & 3 for the detailed search strategy findings, which are also inclusive of 2 articles found in grey literature. Assistance from the occupational therapy subject librarian was sought to help decide which databases may be most appropriate. However, as mentioned previously, due to limited occupational therapy literature, information was also gathered from related healthcare disciplines. Refer to Table 3 for the inclusion/ exclusion criteria used to select applicable articles. 

Table 3: Inclusion and Exclusion Criteria used in the Search Strategy
	Inclusion
	Rationale
	Exclusion
	Rationale

	Articles Published between 2012-2022 & Peer-Reviewed
	This specific time period was chosen in order to reflect more modern technological advancements. With the weighted blanket said to be invented in 1997 by Keith Zivalich, when conducting a literature search with the same databases on “weighted blankets” the earliest published article was in 2008 but the majority were >2012. The inclusion of peer-reviewed articles was to ensure a higher quality of research.
	Research Using Animal Subjects
	Research using animal subjects were excluded so only interventions based on appropriate Human trials were examined. For the purpose of this dissertation, research involving animal trials is not relevant.  

	Movement and Neurodegenerative Disorders
	Due to the lack of HD-specific research, the search terms were expanded to include related movement and neurodegenerative conditions such as Dystonia, Multiple Sclerosis, Parkinson’s Disease, Dementia, and Ataxia. This ensured that appropriate and relevant research was still being reviewed.
	Pharmaceutical Interventions
	Pharmaceutical interventions were excluded as the focus of this dissertation was not related to drug-based influences on movement, rather the use of drug-alternative interventions such as weighted blankets and/or vests. 

	Relevance to Occupational Therapy
	This being an occupational therapy dissertation, the studies reviewed must have content that may be applied or replicated in an occupational therapy practice scope. 
	Research Using Electrical Stimulation or Vibratory Interventions
	While the use of electrical stimulation or vibratory interventions fall within the realm of proprioceptive/tactile feedback, this dissertation aims to specifically examine the use weighted items and their influence on proprioceptive / tactile feedback. 

	Sensory-Based Interventions
	This dissertation is focussed on sensory-based interventions, more specifically the role proprioceptive and/or tactile feedback, so this inclusion was mandatory. 
	Research focussed on Autism
	A large majority of sensory-based interventions were found to be used with individuals with Autism. To focus on the literature related to movement disorders, Autism related research was excluded from the Literature review. 

	Research From other Disciplines
	Due to the lack of HD-specific research, articles from other healthcare disciplinaries were included to expand the search and illustrate how other disciplines are using weighted therapy interventions.
	Research not in English
	Articles not written in English were excluded due to the researcher’s language constraints. 

	
	
	Research focussing on Anxiety / Agitation / Sleep Disturbance
	Although these conditions will be briefly mentioned within the dissertation, for the purpose of narrowing focus to movement specific weighted item interventions, they were excluded from the literature review. 



2.2.1.1 Expanding to Related Neurodegenerative Conditions

Due to insufficient findings within HD literature, a wider scope of conditions had to be screened. To keep the research as relevant as possible to HD, similar neurodegenerative conditions were examined so that the findings could be realistically and appropriately correlated. Table 4 below will compare similarities between these conditions to provide a brief overview and understanding as to why they were chosen. 


Table 4: Comparing Similarities Between Neurodegenerative Conditions
	Condition
	Similarity to Huntington’s Disease

	Multiple Sclerosis
	Neurodegenerative
Movement disorder
Physical and cognitive impairments 
Similarities in some symptoms (fatigue, spasticity, depression, speech issues, mobility issues) 

	Parkinson’s Disease
	Neurodegenerative
Movement disorder
Involuntary movements
Basal ganglia disorder
Physical and cognitive impairments
Similarities in some symptoms (Depression, fatigue, speech issues, spasticity, mobility issues)

	Dystonia
	An existing condition within HD symptomology 

	Bradykinesia
	An existing condition within HD symptomology

	Chorea
	An existing condition within HD symptomology

	Dementia
	An existing condition within HD symptomology 


(Butters et al., 1998; Boecker et al., 1999; Hussain et al., 2018)

2.2.2 Critical Appraisal

Critical appraisals are utilized to assess the quality, reliability, and relevance of studies and whether they can be used to inform evidence-based practice or advance research (Aveyard, 2010; Fawkes et al., 2015). The following critical appraisal tools were used to guide this process and evaluate literature: The McMaster quantitative review Law, et al. (1998), and the Critical Appraisal Skills Programme (CASP, 2022). Appendix 4 displays the findings from each paper reviewed, formed on Aveyard, et al. (2016) data extraction tool. 

2.3 Results

The articles collected were reviewed and analyzed multiple times to establish strengths, limitations, and identify common themes. The selected articles were published in Canada, USA, and Germany. Similarly, when examining the supplementary research that will be referenced in this paper, the majority were published in the USA. Since there is limited empirical research on the use of weighted sensory vests and more specifically its influence on movement, this may explain the lack of global research. As millions of people are affected by movement disorders around the world, it may be assumed that if more empirical evidence in favor of using weighted vests were to be produced then their prescription in clinical practice would increase and thus results in more world-wide research. 

A thematic analysis was completed while reviewing the literature. This was conducted to highlight, appraise, and record the emerging themes found in the articles (Braun & Clarke, 2006). A thematic analysis can also be useful to reaffirm a researcher’s interpretation of the information and data reviewed in the articles (Braun & Clarke, 2006). Where possible, these themes will then be applied in an HD context to illustrate their relevance to the condition. It should be mentioned that the researcher applies an occupational lens when interpreting the data on account of their training and fundamental ethos. However, the researcher has made any bias explicit and statements supported by existing literature. The two themes will be discussed below. 

2.3.1 Theme 1: Lack of Research in Literature

While reading the five articles appraised in the literature review, an emerging theme indicating a lack of research was common across all studies. In respect to weighted vests, Gorgas, et al. (2015) was the first study to examine spatiotemporal gait parameters within the MS population and mentions the varied effectiveness of rehabilitation interventions that address balance and gait impairments. Following this, the work of Little, et al. (2022), was the only other study found in the literature review that also assessed those specific parameters; however, a different type of weighted vest was utilized. To provide context, Gorgas, et al. (2015) used a balance-based torso weighting (BBTW) vest which involves weights being strategically placed on the torso to counter directional balance loss and Little, et al. (2022), utilized “fixed” or “non-specific” weighted vests which evenly distributes the chosen weight across the entire vest. Likewise, across other movement disorders, a study completed by Widener, et al. (2019) examining cerebellar ataxia, and Lazaro, (2021) exploring PD, each of these studies were the first of their kind to explore the use of weighted vests and their influence on movement. Similar to the statement made by Gorgas, et al. (2015), and the current HD recommendations mentioned earlier, ataxia also has few treatment options that address the unsteadiness and increased falls-risk of this population as well as no current FDA approved medications (Widener et al., 2019). Important to mention, that upon completion of the literature review, no studies were found trialing the use of weighted vests with the HD population. 

2.3.2 Theme 2: Movements Impact on Functionality

Described as everyday tasks or movement like walking, reaching, manipulating objects, and sitting, functional movement involve actions performed in several planes of motion using balance and gait, various musculoskeletal movements, and joint elasticity to engage and participate in the desired activity (Hickey et al., 1995; Kerse et al., 2008; Lancioni et al., 2017). 

When linking the 5 studies in the literature review together, each of them mention the impact movement can have on functionality and, all studies examining weighted vests yielded some positive results on balance and gait during intervention trials. There are many ways that functional movement can be measured and observed but, in the 5 studies, this was completed through attenuating sensory feedback in seated and standing exercises, and in dynamic exercises like the Timed Up and Go test (TUG), 10-meter walk time (10MWT), and 2MWT (Gorgas et al., 2015; Widener et al., 2019; Porciuncula et al., 2020; Lazaro, 2021; Little et al., 2022). Three of the studies (Widener et al., 2019; Porciuncula et al., 2020; Little et al., 2022) used wearable inertial gait sensors to gather quantitative data, and only one of which measured spatiotemporal gait parameters (Little et al., 2022). The two remaining studies (Gorgas et al., 2015; Lazaro, 2021), used instrumented mats to capture the quantitative data, and only one of them measured spatiotemporal gait parameters (Gorgas et al., 2015). 

When analyzing the effects of attenuating sensory cues in the mCTSIB, improvements were found in the participants with a movement disorder when the weighted vests were donned. The PD participants in (Lazaro, 2021) had significant (p <0.05) within-group improvements using BBTW for postural sway under the unstable surface(foam) eyes open (USEO) and the stable surface eyes open (SSEO) condition. These findings differ from the Ataxic participants in Widener, et al, (2019), where improvements for postural sway were found using BBTW in the USEO, and unstable surface eyes closed (USEC) conditions but they did not reach significance. However, the use of BBTW did reach significance (p <0.05) for the stable surface eyes closed condition, and increased severity of ataxia was found to be moderately correlated (SARA scores r = .54) with greater improvements using the BBTW (Widener et al., 2019). When evaluating the HD study in the literature review that manipulated the same sensory cues, but without a weighted vest intervention, greater postural sway impairments were found (Porciuncula et al., 2020). At baseline, mHD participants were significantly less stable in all domains of postural control when compared to healthy controls and declined even further when sensory cues were manipulated. This was especially evident in the unstable surface conditions where proprioceptive feedback was attenuated, and, similarly, significant degradation was found in pHD participants in the USEC condition (Porciuncula et al., 2020). To summarize the results of the papers mentioned in this section thus far, they suggest that when sensory cues are attenuated, more particularly proprioception, there is a measurable adverse impact on postural sway in PD, ataxia, and more severely in HD. These findings are also useful to highlight and affirm the proprioceptive processing issues experienced in basal ganglia disorders like PD and HD. 

When interpreting the results of the spatiotemporal gait parameters found in the literature review, these studies illustrate that weighted vests may be a viable intervention for mobility issues experienced in movement disorders. The participants in Gorgas, et al. (2015); and Little, et al. (2022) were diagnosed with MS but different methods and weighted vests were used in the intervention trials. Gorgas, et al. (2015), used BBTW vests on participants and an instrumented mat to measure spatiotemporal gait parameters. The averaged gait trials demonstrated that with BBTW vests, MS participants had significantly (p <0.05) increased velocity, cadence, and time spent in single-limb support, and decreased time in double-limb support (Gorgas et al., 2015). This improvement in single-limb support time may suggest increased stability in gait and fluidity of movement. When compared with Little, et al. (2022) using ‘Fixed weighted’ vests and wearable inertial sensors, similar results were found. Within the MS group, cadence was significantly increased (p<0.05) in the 2% and 4% body weighted vest conditions, and gait speeds were significantly increased in the 2% vest condition. While significance was not reached, improvements were still found in shorter double-support time and longer stride lengths in the 2% vest condition.  

Other measures for mobility, gait, and balance impairment that were used in the literature review studies include the 10MWT, and the TUG. The 10MWT had a significant improvement for PD participants wearing BBTW when compared to their ‘fixed-weight’ and no weight counterparts however the TUG test showed no increase under any weighted condition (Lazaro, 2021). The results from Widener, et al. (2019), also showed similar findings with the TUG test being unchanged with use of a weighted vest. 

2.4 Discussion

2.4.1 The Impacts of Functional Movement on Occupation in Huntington’s Disease

When gait, balance, and/or postural control is impaired, there are negative repercussions on functional movement involving stepping, turning, and overall mobility which are linked to an increased falls-risk and may result in issues with occupational performance, participation, and independence with ADLs/IADLs (Widener et al., 2019; Porciuncula et al., 2020; Lazaro, 2021). According to Clopton, et al. (2003); WHO, (2014); CDC, (2021), the global burden of falls is most concentrated in older populations where one in four people over the age of 65 report having a fall each year and is the leading cause of injury-related death for those over 70 years old. Keeping that in mind, two studies examining falls in the HD population found quite alarming results that illustrate the reality of HD individuals (Kalkers et al., 2016; Kalkers et al., 2021). The two studies compared HD and non-HD residents in nursing homes and found that the percentage of fallers were 30% and 10% respectively, in addition to 14% of HD residents and 30% non-HD residents expressing a fear of falling. The results of these two studies suggest that individuals with HD encounter more falls when compared to the older populations. Falls, being one of the greatest predictors for care home placements in HD, and a fear or falling, are known to impact an individuals’ participation, QoL, and confidence (Gorgas et al., 2015; Reyes et al., 2018; Vuong et al., 2018; Little et al., 2022). In addition to the motor symptoms experienced in HD, other factors that can increase fall-risk include a lack of awareness and insight, processing delays, and cognitive decline that affect the ability for individuals to introduce corrective strategies and adapt their behaviour to avoid previously experienced issues (Pla et al., 2014; Kalkers et al., 2016; Kalkers et al., 2021). This lack of awareness and insight in HD patients may also be evident in one’s ability to not fully comprehend the severity of their chorea and how it impacts their QoL (Jankovic & Roos, 2014). While mentioned previously that this dissertation will be exploring the motor symptoms of HD, the author of this dissertation believes it is essential to briefly mention the other symptoms when relevant to help provide an understanding of all moving parts involved in this complex condition. 

Assessing HD in the context of spatiotemporal gait parameters is necessary because difficulty executing these everyday movements can adversely impact one’s lifestyle, QoL, and occupations (Panzera et al., 2011; Vuong et al., 2018). Mentioned previously, and displayed in Table 1, there are numerous motor factors that contribute to the mobility issues experienced in HD and over the progression of the disease, these symptoms will change. However, worth mentioning is that a clinical diagnosis of HD is presently defined by the presence of motor symptoms, typically chorea, even though research indicates that there is measurable gait, balance, postural, and cognitive deficits in pHD that are not evident in a clinical assessment (Cook et al., 2012; Blanchet et al., 2014; Porciuncula et al., 2020). The motor impairments in HD are notably disabling due to both voluntary and involuntary motor control processes being impaired (Quinn et al., 2001). As one can imagine, issues with controlling goal-directed voluntary movement in conjunction with the presence of involuntary and uncontrolled movements will have a severe impact and eventually lead to functional decline, continuous changing of occupational roles, and increased dependence (Little et al., 2022). Controlled movements require the ability to perceive self-motion and synchronize the muscle activity needed to execute the chosen task efficiently; and with the cognitive symptoms of HD, this becomes increasingly difficult; especially when dual tasking (Johnson et al., 2014; Vuong et al., 2018; Widener et al., 2019). The involuntary uncontrolled movements can appear in the upper and lower extremities, trunk, neck, shoulders, and face and manifest in different ways like twisting, twitching, tilting, squeezing, kicking, and generalized jerk-like contractions that may be worsened when trying to use voluntary actions (Jankovic & Roos, 2014; Patel et al., 2014; Avanzino et al., 2015). Although empirical evidence is limited, some studies suggest that HD presents a greater degree of variability in gait measures when compared to other movement disorders like PD, and cerebellar ataxia (Talman & Hiller, 2021). To provide a snapshot into late-stage HD in a physical context, individuals will eventually be wheelchair bound/ bedridden, require 24-hour postural management, eating and drinking profiles, and become completely dependent (Cook et al., 2012; Levi et al., 2019). 

With the motor difficulties and impairments mentioned in this section, functional movement in HD is significantly affected and introduces numerous barriers to occupational performance and participation without considering the additional issues faced with cognitive and psychological symptoms. When exploring the research investigating the use of weighted vests in movement disorders, positive results in spatiotemporal gait parameters and postural sway have been found in MS studies Widener, et al. (2009); Widener, et al. (2009); Hunt, et al. (2014); Gorgas, et al. (2015); Horn, et al. (2018); Little, et al. (2022), in PD studies Lazaro, (2021), in Ataxia studies Widener, et al. (2019), and in five additional poster presentations (APTACSM, 2018). Although these studies have small sample sizes and thus limits generalisability, they provide preliminary evidence that this intervention can be explored within the HD population. If proven beneficial, the weighted vest intervention may increase the user’s potential for increased safety and efficiency in daily activity and engagement with less effort (Gorgas et al., 2015). Although weighted vest trials have not been researched in HD, one study by Quinn, et al. (2001), examined movement trajectories and force control during object transport using varying weighted items. The findings suggest that heavier objects (800g) improved grip forces, efficiency, and smoothness of movement and appeared to lessen the curvilinearity of movement, increasing the control and accuracy. When theoretically applying the findings of Quinn, et al. (2001), in a weighted vest context, similar outcomes may be found in movement control for HD, like those illustrated in the movement disorder studies mentioned above. 

Most balance, gait, and postural interventions involve physical therapy exercises, or training programs to increase the functional mobility for individuals with increased fall-risk (Hickey et al., 1995; Kerse et al., 2008; Gorgas et al., 2015). While these strategies prove to be beneficial for most demographics, at a certain point in the HD progression, these may not be the best suited approach due to several factors. When the voluntary and involuntary motor issues become more prominent in the individual’s condition, organizing and engaging in controlled movements becomes difficult and may result in decreased participation (Cook et al., 2012; Nance et al., 2013). Considering the motor dysfunctions on their own, at some point in mid and/or late-stage HD, individuals will have issues performing the exercises and tasks that may be used in these programs. This is known within literature Cook, et al. (2012); Nance, et al. (2013) and was observed by the author of this paper during their HD clinical placement. Eventually, the cognitive and psychological factors of HD will also introduce barriers to these interventions with symptoms like apathy, executive functioning issues, problems planning & organizing, and unawareness (Cook et al., 2012; Nance et al., 2013). It is also known that individuals with HD have difficulty performing cognitive and motor tasks simultaneously which would then increase the difficulty engaging in the exercises and training since they must plan and organize their motor functioning while recalling how to perform the exercise (Zeilonka et al., 2015; Vuong et al., 2018). The complexity of HD makes it difficult to plan appropriate care interventions hence health care practitioners must use creative multidisciplinary approaches to best suit the needs of HD service-users so they can maintain overall independence and functional movement as long as it is safe to do so. 

It is important to mention that upon gathering additional research, comparable, and contrasting results to those proposed in the literature review were found. When relating back to attenuating sensory cues, the findings of (Porciuncula et al., 2020) illustrated greater postural sway impairment when compared to similar movement disorders which is congruent with the findings in (Blanchet et al., 2014; Reyes et al., 2018). Other MS studies Widener, et al. (2009); and Widener, et al. (2009) have found a significant (p <0.05) improvement in the TUG test when using a BBTW vest, and in the 25-foot walk test (Widener et al., 2009), which contrasts the findings in the literature review (Widener et al., 2019; Lazaro, 2021). When examining gait parameters, the results of Gorgas, et al. (2015); Little, et al. (2022) contrast with a similar study using weighted vests where no significant improvements for ataxic participants were found (Clopton et al., 2003). Since those with HD experience similar gait disparities on functional movement Rao, et al. (2008); Kegelmeyer, et al. (2017); Vuong, et al. (2018); Keren, et al. (2021); and Talman & Hiller, (2021), when compared to the findings in the literature review, Gorgas, et al. (2015); Little, et al. (2022), it therefore provides reasoning that weighted vests may facilitate improvement in functional performance in HD and should be explored in empirical studies. Although the five studies examined in the literature review displayed some mixed results when cross-examined with similar papers, some preliminary evidence can be found in support of weighted vests. These mixed results reinforce the need to test the efficacy and reliability of weighted vest interventions in movement disorders, and more particularly in HD to help address to lack of research and interventions. 

2.4.2 Somatosensory Feedback with Huntington’s Disease and the Role of Weighted Vests

The neurodegeneration in HD primarily occurs in the BG, particularly in the striatum; however, as the disease progresses, neural loss will appear in multiple regions in the brain (Brown & Fisher, 2015; Miravallave et al., 2017; Bono et al., 2021). The BG has a variety of roles associated with executive functions, behaviour, emotions, and motor learning (Lanciego et al., 2012; Miravallave et al., 2017).  Also known as the ‘gate keeper’, the BG filters incoming and outgoing signals/stimuli in the brain to enable certain movements and inhibit unwanted signals that may interfere with the desired voluntary movement (Lanciego et al., 2012; Patel et al., 2014; Bertucco & Sanger, 2015). With that in mind, it can then be understood that abnormal somatosensory, and sensorimotor integration may then have impacts on voluntary and involuntary muscle control observed in PD, HD, dystonia, and chorea (Patel et al., 2014; Avanzino et al., 2015; Reyes et al., 2018; Avanzino et al., 2020).

BG dysfunction and abnormal sensorimotor integration may lead to sensory and motor irregularities (Patel et al., 2014). These symptoms manifest in the somatosensory processing systems which include sensory feedback from tactile, proprioceptive, and vibratory input (Avanzino et al., 2015; Peterka, 2018). The somatosensory feedback is one of many aspects required for the stability of balance, postural control, and critical for movement execution; so, issues with processing this feedback may have consequences on mobility and the participation in ADLs (Widener et al., 2009; Peterka, 2018; Camarata et al., 2020). For the purpose of this paper, the influence of tactile and proprioceptive feedback will be explored. 

Proprioception involves the human body’s ability to sense its own location (joint / limb positioning), awareness of movements and actions, and sense effort or tension subconsciously with proprioceptive receptors located in the joints, muscles, and tendons when stimulated by elongation, compression, or contraction (Konczak & Abbruzzese, 2013; Avanzino et al., 2015). It plays a vital role in the execution and coordination of reflexive and volitional motor control, so when these sensors are impaired, functional movement may become hindered (Konczak & Abbruzzese, 2013; Avanzino et al., 2015; Garavaglia et al., 2018).  

The tactile cues of somatosensory feedback involve processing sensations in the skin from light or firm touch, pressure, various textures, and temperature; these sensory inputs can be alerting, over-stimulating, or soothing (Lane, 2019). This tactile information supports various forms of movement like walking, hand movements, and is fundamental for actions like grip force or precision, and object manipulation (Wheat et al., 2009; Avanzino et al., 2015; Lane, 2019). Touch can be used to increase sensory input and heighten proprioceptive processing by adding pressure, resistance, or joint compression (Konczak & Abbruzzese, 2013; Little et al., 2022). 

As processing sensory information becomes impaired in HD, the impact on motor control can be experienced in early stages of the condition (Miravallave et al., 2017). In similar movement disorders, the use of ‘sensory tricks’ or ‘sensory reweighting’ has been used to manipulate somatosensory inputs to potentially regulate movement and ameliorate motor symptoms (Berlot et al., 2021; Rebordao et al., 2021). The use of sensory tricks or reweighting typically involve modifying tactile or proprioceptive feedback to alter the degree of excitability in neural pathways to potentially accomplish increased motor “focus” (Konczak & Abbruzzese, 2013; Garavaglia et al., 2018). In dystonia, this strategy has been used with the implementation of the ‘glove effect’ where proprioceptive and tactile feedback was increased when wearing a glove and some improvements in motor control was found (Rebordao et al., 2021). The additional tactile and proprioceptive input from weighted vests operates as a sensory trick, through the increased touch, pressure, and compression and as mentioned previously, significant improvements in spatiotemporal gait parameters and functional movement was found across multiple studies with its use.

2.4.3 Movement in Huntington’s Disease is Multifactorial

Mentioned throughout the paper, functional movement in HD is influenced by issues with voluntary motor control through bradykinesia, and the uncontrolled involuntary movements of chorea, and dystonia. However, known within literature and witnessed by the author of this paper during their HD clinical placement, there are other factors that may influence movements seen in HD including common symptoms like anxiety, agitation/aggression, and sleep disturbance (Johnson et al., 2014; Thorley et al., 2018; Carvallo & Cardoso, 2020; Bono et al., 2021; Exuzides et al., 2022; Gibson et al., 2022). 

Anxiety
 
The anxiety encountered in HD occurs for two reasons. The first reason is ‘reactive anxiety’ which may appear due to the changing of occupational roles, experiencing symptom progression, or increased difficulty performing tasks; however, there are many other factors that may contribute to this (Johnson et al., 2014). The second cause of anxiety in HD can be attributed to the physical changes in the brain. As HD progresses, global atrophy in the brain will occur and as a result, lead to an individual not only developing anxiety but decrease their ability to cope with it (Johnson et al., 2014). Examined within literature, anxiety has a high prevalence among HD individuals where 87.7% of participants in (Glidden et al., 2020) study reported symptoms of anxiety, compared to similar but lower findings of ~53% in (Thorley et al., 2018; Exuzides et al., 2022). A participant in Gibson, et al. (2022) study reported “The anxiety was the worst thing. The obsessive thought, I only did a few days out of, I’d say a month. But the anxiety was every day. That was bad.” Increased anxiety and stress are known to exaggerate chorea and some strategies to reduce chorea include the management of mood disorders and stress reduction (Nance et al., 2013; Jankovic & Roos, 2014; Carvallo & Cardoso, 2020). 

Sleep Disturbance

Although the underlying cause of sleep disturbance is still unknown, it is a commonly reported symptom of HD and similar conditions like PD and Alzheimer’s (Johnson et al., 2014; Adams et al., 2017). Sleep issues are described to be one of the greatest relative impacts on daily life and functional impairment and was reported by ~75% of participants in recent HD studies (Glidden et al., 2020; Gibson et al., 2022). Factors that are thought to influence sleep disturbance in HD include changes in the brain, anxiety, mood symptoms, and chorea and therefore illustrates the degree of influence and overlap HD symptoms have on one another and potentially leading to a vicious cycle (Johnson et al., 2014; Adams et al., 2017). Like anxiety, sleep disturbance is also known to increase chorea (Johnson et al., 2014; Bono et al., 2021). 

Agitation / Aggression:

Individuals with HD may experience an array of neuropsychiatric symptoms, and among these include agitation, aggression, and irritability (Fisher et al., 2014; Gibson et al., 2022). Albeit these are behaviours most people encounter, they become more pronounced in HD due to the deterioration of the caudate which is a brain structure within the BG (Johnson et al., 2014). Like falls, aggression is another primary cause of hospitalization and care home placements, and no clinical guidelines are in place to manage HD aggression (Fisher et al., 2014; Fisher & Brown, 2017). Similar to anxiety and sleep disturbance, the behavioural issues of HD are known to increase chorea (Jankovic & Roos, 2014; Johnson et al., 2014; Pla et al., 2014; Carvallo & Cardoso, 2020). 

While weighted vests have not been explored in the HD population, several studies have examined the effects of sensory-based interventions for HD symptoms like anxiety, agitation/ aggression, and relaxation (Leng et al., 2003; Brown & Fisher, 2015; Fisher & Brown, 2017). In particular, two of these studies investigated weighted blankets and hand-held vibrator massagers to allow the participants to self-regulate and attain emotional stability (Brown & Fisher, 2015; Fisher & Brown, 2017). The use of these items was facilitated by hospital staff when participants became agitated and aggressive. When implemented, the weighted blankets saw positive outcomes with decreased physical and verbal aggression, decreased agitation, decreased involuntary movements, and increased concentration, engagement in occupations, and sometimes a sleepy state (Brown & Fisher, 2015; Fisher & Brown, 2017). One of the participants would use the weighted blanket while walking the corridor and resulted in less verbal and physical aggression (Brown & Fisher, 2015). While the findings of these studies cannot be ignored, they do present limitations. The studies included the same participants and research authors which limits the generalisability of the findings, and the findings were based on observations instead of quantifiable data. However, this does provide some insight that weighted therapy may have a place within HD especially when examined alongside the literature presented earlier in the literature review. If weighted vests were to provide similar results, it would allow for a much more accessible and user-friendly intervention when compared to the weighted blanket. Walking around corridors would present an increased tripping hazard and may also lead to increased stigmatization of its user; a vest may provide a more discreet intervention while providing the same proprioceptive and tactile feedback from the weights. 

While there is some anecdotal support for weighted sensory interventions in other demographics, empirical studies measuring their benefits for anxiety Mullen, et al. (2008); Chen, et al. (2013); Champagne, et al. (2015); Chen, et al. (2016); Ekholm, et al. (2020), agitation / aggression Nakamura & Yamauchi, (2021); Telhede, et al. (2022), and sleep disturbance Gee, et al. (2016); Ekholm, et al. (2020); Baric, et al. (2021); Nakamura & Yamauchi, (2021) are limited. Adverse effects from medications have also been reported by HD individuals by increasing their restlessness, anxiety, and irritability and thus further reinforces the need to develop non-pharmacological based interventions to assist with HD symptoms (Thorley, et al., 2018). While it is well documented that these symptoms each have their own implications on occupations and QoL, it is beyond the scope of this paper to discuss these in further detail (Lyketsos, 2007; Green, 2008; Leive & Morrison, 2020; Wilmer et al., 2021).

2.5 Emerging Research

Given the publishing dates of the studies used in the literature review, it is evident that research involving weighted vests influence on movement disorders is relatively new and looks promising when correlated with similar studies (Widener et al., 2009; Hunt et al., 2014; Horn et al., 2018). However, there were small sample sizes used in all studies mentioned in the literature review; with the largest study containing 70 total participants (Horn et al., 2018). While this does not diminish the findings in the studies, it does limit the generalisability for the respective movement disorders. Another important factor that must be taken into consideration is that the authors Gail L Widener, and Cynthia Gibson-Horn are involved in five and four (respectively) of the studies (7) mentioned in section 2.3.1 and 2.5. Due to the limited research involving weighted vests and movement disorders, the authors’ association in most of the studies mentioned above may potentially lead to citation bias (Urlings et al., 2021). This finding reaffirms the theme of a lack of research and establishes the need for increased studies involving different researchers to address the gap, and to test and compare outcomes with these highly prevalent authors.

As occupational therapists, the incorporation of evidence-based outcome measures and interventions should be utilized within practice, and research settings (College of Occupational Therapists, 2015; HCPC, 2018). When dealing with complex conditions like HD, where there are no effective DMT’s or interventions available, therapists will need to think of creative solutions that may help to empower these individuals and assist them with their desired occupations (Frank, 2014; Simpson et al., 2016). To advance knowledge and practice, anecdotal supports Olson & Moulton, (2004); Olson & Moulton, (2004); Eron, et al. (2020) for weighted interventions via blanket or vest need to be further explored in controlled research settings. This ‘need’ for more research and knowledge is called upon by occupational therapists who use weighted interventions (Olson & Moulton, 2004; Olson & Moulton, 2004). The collaborative work of researchers, theorists, and practitioners in the field will demonstrate the scholarship of practice and thereby advance theory, research, and practice, and thus affirm and/or refute the anecdotal claims for weighted interventions (Kielhofner, 2005). With increased research and evidence, therapists will then be empowered to make informed decisions and prescribe weighted interventions with greater confidence and reliability. 

2.6 Conclusion:
This literature review analysed five research papers demonstrating the current state of knowledge for sensory-based interventions involving weighted vests and the tools that may be used to measure spatiotemporal gait parameters. The key findings reflect the scarcity of publicly available research, and movements impact on functionality. Additional evidence was gathered from similar neurodegenerative conditions to demonstrate the various studies that have been completed to add empirical evidence. The findings revealed favourable results for the use of weighted vests on functional movement and were then related in an HD context to validate their relevance for this population. However, empirical evidence for weighted sensory interventions remains finite and further research and exploration needs to be completed to enrich its evidence-base. This may prove to be beneficial for not only the HD population and similar movement disorders, but for the occupational therapy profession as well. 
Due to the triad of symptoms encountered in HD, those in mid-late stage are typically unable to access or benefit from standard methods of therapy (Leng et al., 2003). The motor challenges experienced from impaired volitional motor control, and the involuntary, uncontrolled movements make engaging in structured exercise programs difficult especially with the added cognitive impairments. With the HD symptoms of anxiety, sleep disturbance, agitation / aggression, and motor deficits all influencing one another, it makes designing and implementing interventions complex. With some anecdotal support and preliminary empirical evidence demonstrating weighted sensory intervention’s ability to aide each of these symptoms, it underlines the need for research proposed in this dissertation. A weighted vest intervention may not only acknowledge the movement issues and decrease the risk of falls, but may have a positive impact on three other highly prevalent HD symptoms that significantly impact QoL. With the lack of awareness, insight, and poor processing skills being common cognitive symptoms of HD, the weighted vest intervention is all the more appropriate as it requires no active attention from the user besides donning and offing the vest. If the weighted vest proved to be beneficial in managing these HD symptoms, it may lead to a positive change in their QoL, participation and performance in meaningful occupations, and increase the safety and quality of functional movement. As the HD progresses, the individual will eventually become completely dependent, so it is of the utmost importance to allow these people to remain as independent as long as it is safely possible and help maintain their identities, and occupations. 
2.7 Implications on Research:
This review has illustrated that from the minimal published research that exists surrounding weighted vests and movement disorders, promising results of its use to increase the quality of spatiotemporal gait parameters and postural sway is evident. Creating effective interventions that can improve these parameters may improve the quality of functional movement and thus potentially decrease falls-risk and increase the quality of participation and performance in meaningful occupations. (Panzera et al., 2011; Gorgas et al., 2015; Vuong et al., 2018; Little et al., 2022). 
Additionally, this review has discussed some of the symptoms that encompass the multifactorial influences on functional movement in HD. Given the complexity of HD and its lack of DMT, and interventions, there is a need to increase research for this condition so that theories and hypotheses for potential interventions can be explored and tested. Investigating weighted vest interventions in the HD demographic will address many gaps that were identified by the author of this paper prior to completing formal research. The assumptions of this author were then affirmed upon completing a literature review of the current state of knowledge.  How identified gaps will be addressed: 
1. Contributing to HD research through investigating HD specific intervention studies.
2. Contributing to the research of HD symptoms and their implications on functional movement.
3. Contributing to research of HD and the influence of utilizing sensory reweighting or tricks via proprioceptive and tactile input.
4. Contributing to the limited research for weighted vest interventions and increasing the evidence for or against its use. 
a. More researchers investigating weighted vests will reduce citation bias. Mentioned previously, two authors are highly prevalent in this research.
The review also acknowledged the role occupational therapists may have with the HD population, and the use of weighted vests. Occupational therapy has the scope of practice to utilize these sensory-based interventions and examine their influence on functional movement, and ultimately, the ability to participate and engage in meaningful occupations. 
To the author’s knowledge, no study has investigated the use of weighted vest interventions in the HD population and thus motivates the proposed research. The aim of the research proposal is to explore the use of increased proprioceptive and tactile feedback via weighted vest and examine its influence on spatiotemporal gait parameters and postural sway in HD. 
Research question:  What is the Role of Proprioceptive and Tactile Feedback on Functional Movement in Huntington’s Disease?








Chapter 3: Research Proposal 
Table 5: Aims, Objectives and Hypotheses
	Research Proposal
	What is the Role of Proprioceptive & Tactile Feedback on Functional Movement in Huntington’s Disease?


	Aims
	To address the identified gaps within HD literature, HD interventions, and weighted therapy interventions. 

To contribute to empirical evidence for weighted vest interventions.

To increase knowledge about HD.
To explore the use of increased proprioceptive and tactile feedback via weighted vests and examine its influence on spatiotemporal gait parameters and postural sway in HD. 

	Objectives
	To examine if a weighted vest improves spatiotemporal gait parameters and postural sway in HD participants using a single session quasi-experimental non-equivalent groups design.

To examine if chorea was reduced during weighted vest trials. 

	Null Hypothesis
	There will be no statistically significant difference (p > 0.05) in any spatiotemporal gait parameters and postural sway markers while wearing a weighted vest.

	Experimental Hypothesis
	There will be a statistically significant difference (p < 0.05) in spatiotemporal gait parameters and postural sway markers while wearing a weighted vest.


3.1 Introduction
The intention of the research proposal is to investigate the use of weighted vests in HD and the impact it may have on spatiotemporal gait parameters while mobilizing and on postural sway during seated and standing trials when proprioceptive and visual cues are attenuated. Current literature in movement disorders discuss the use of weighted vests and its ability to positively influence spatiotemporal gait parameters and postural sway and thereby increasing the quality of functional movement. Impairments found in gait, posture, and balance are known to increase the risk of falls, so the use of weighted vests may be able to mediate that. Weighted sensory interventions also have anecdotal support to decrease anxiety, agitation / aggression, and sleep disturbance however limited empirical studies have explored their use. Due to HD individuals experiencing gait, posture, and balance impairments with their involuntary movements, difficulty with volitional motor control, and the three factors mentioned above, weighted vests may be well-suited to address multiple issues all in one intervention. There are no research studies to date that have investigated the use weighted vests in the HD demographic, so with the positive outcomes of its use in similar movement disorders and the current lack of HD research and interventions, the author of this paper believes this research proposal is warranted and highly applicable. 
Following an extensive analysis and critique of the literature, a single-blind (assessor) quasi-experimental study involving two researchers has been propositioned. Three different groups will be involved in the study and will be discussed later in this chapter.
Each participant will be provided with a vest that contains 2% of their body weight during the weighted vest trials. The data collection will be gathered using two different instruments throughout the entirety of the study. Firstly, the UHDRS is a widely-used and standardized tool to assess the clinical features of HD and for the purpose of this study only the motor section will be used by the researchers’ (Sathe et al., 2021). The second assessment tool includes wearable biometric sensors that can accurately rate motor function and provide objective quantitative data (Scheid et al., 2022). These two tools will be used to assess measurement outcomes for the mCTSIB, and the 2MWT. All participants will complete each of the tasks under the weighted and unweighted conditions to allow for individual, within-group, and between-group differences to be measured and analyzed. Statistical analysis will be performed using IBM SPSS 29 software. To determine the differences of data, a two-way ANOVA with repeated measures and a Boniferroni correction test (post-hoc) will be utilized. This study was designed to address multiple gaps that mentioned in Chapter 2 and aims to add empirical evidence into literature. 
3.2 Underlying Philosophy: Ontology & Epistemology
All research is based on a specific perspective or worldview that is adopted by each individual from their prior experiences, disciplines, and positioning (Creswell, 2018). Ontology is recognised as the study of ‘being’ and its assumptions on reality for how things work and exist (Crotty, 1998; Creswell, 2018). Prior to engaging in research, it is essential to identify the researcher’s ontological assumptions as they will guide the epistemological perspectives and inform the methodological framework and study design (Scotland, 2012). The two styles of ontology function in opposing perspectives and include that of realism and relativism. A realist ontology operates in a sense that a ‘truth’ exists and is independent of a person’s experience and interpretation (Cohen et al., 2007). In contrast, a relativist ontology embodies a truth that is subjective and varies for everyone, thereby developing numerous versions of reality (Tuli, 2010; Scotland, 2012). Relativism allows for an individual’s perspective that has been created from their life experiences to be taken into consideration by the researcher whereas realism remains objective. While interpretivism relativism has an important place in research, for this purpose of this study, a positivist realist ontological position will be maintained by the researcher. 

The chosen ontological perspective will then inform one’s epistemological assumptions which signifies how knowledge is generated, attained, and then communicated (Cohen et al., 2007; Scotland, 2012). An interpretive epistemology engages in subjectivism which incorporates the meanings, thoughts, and motives involved in the phenomena (Scotland, 2012; Levers, 2013). A positivist epistemology is that of objectivism and aims to uncover absolute knowledge based on data and facts by remaining impartial and acknowledging that meaning exclusively exist in the objects or phenomena themselves (Scotland, 2012). Positivist methodologies attempt to explain relationships by identifying causes that may influence outcomes and is therefore the most suitable approach for this paper’s topic. The aim of this research proposal is to investigate the potential relationship between weighted vests and their influence on HD spatiotemporal gait parameters and postural sway and therefore adopts an objectivist and positivist perspective. The findings from this proposed study may build upon existing literature in support of weighted vest interventions for movement disorders and add empirical research for HD. 
3.3 Position of the Researcher
Whether in practice, research, or everyday life, being self-reflexive is an important tool. It will enable individuals to engage in critical self-awareness and question ways of being, assumptions, knowledge, and making sense of one’s surroundings (Cunliffe, 2009). The author of this dissertation has educational training from multiple disciplines and subject areas that typically follow their own distinct philosophy. When studying kinesiology, the researcher adopted a more objective stance on science as mechanics of body movements were quantified in a measurable and objective manner. Following this, disability studies was pursued, and the author assumed a position using the critical disability theory and applied an intersectional lens on societal barriers placed on those with impairments. After undertaking MSc in occupational therapy, the researcher’s interpretive/subjective philosophy was further ingrained into practice while engaging with service-users and their meaningful occupations empowering their ‘doing, being, and becoming” (Wilcox, 2006). 
While the researcher appreciates and places significant value in the subjective perspective of occupation, for the purpose of the research in this dissertation, a positivist/objective stance will be taken to provide quantifiable evidence-based results. Mentioned in Chapter 2, there is a lack of empirical studies for HD research and interventions, and the overall use of weighted vests. Due to this, a positivist/objective approach is most appropriate to provide data and statistics that is objective and therefore increases the ability for it to be generalized and contribute to the limited evidence-based research. By using this approach, the hypothesis can be proven or disproven and determine the efficacy of the intervention. Once empirical research in these areas increase, if weighted vests are deemed effective and evidence-based, future studies may involve the subjective reports of participants and their thoughts on the weighted vest intervention. 
3.4 Study Design
Quantitative research involves gathering and interpreting numerical or statistical data that may be predictive, explanatory, or confirming, and used to support or refute claims and hypotheses (Williams, 2007). This process collects data in an objective manner to measure certain realties and create meaning through identifying possible cause-and-effect relationships (Williams, 2007; Leedy & Ormrod, 2019). Two exploratory approaches in experimental research includes true experimental, and quasi-experimental. While true-experimental research approaches are highly valued with their methods of control and randomisation, it was deemed an impractical approach as the researcher is aiming to identify the influence of the intervention for each of the three specific groups mentioned above. The following study design is being proposed for the weighted vest intervention:
Single Session Quasi-Experimental Non-Equivalent Groups Design 
· Single-blind (researcher)
· Involvement of 2 researchers in testing
· Pretest – Posttest 
The main difference in quasi-experimental designs is that the researchers do not randomize participant selection, and this may result in advantages such as a higher external validity (real world application), and increased control over the targeted hypotheses, but disadvantages like lower internal validity and increased risk of bias (Schweizer et al., 2016; Leedy & Ormrod, 2019). However, since the researcher is investigating a cause-and-effect relationship with the weighted vest on spatiotemporal gait parameters and postural sway in HD, this approach is well-suited to determine its influence and outweighs the disadvantages. 

In the proposed study, two researchers will be involved. One researcher will be responsible for fitting the weighted vest on participants and guard them from behind during all tasks to prevent falls if the individual cannot recover balance on their own. By walking behind the participants, it will not provide any visual cues for the participants to mirror their walk or use as guidance. After the weighted vest is donned, a black t-shirt will be placed over the vest, so the second researcher does not know when the weighted trial is being performed. This is to prevent any potential bias that may arise when the second researcher is completing the participants motor observations for the UHDRS (Karanicolas et al., 2009). All other data will be gathered by wearable inertial sensors placed on the participants body to provide objective and numerical information. During quasi-experimental studies, participants act as their own control so a pretest-posttest design will allow for any differences to be measured before and after the intervention is implemented (Leedy & Ormrod, 2019). These results will then be analyzed for within-group and between-group differences under weighted and unweighted conditions.

3.5 Sampling and Recruiting 

Within quantitative research, the two main approaches to gather participants for a research study are probability, and non-probability sampling methods; each of which have multiple subtypes. In probability sampling, every participant in a designated population has an equal chance of being selected for the study, this works in contrast to non-probability sampling where selection can be more subjective and there is not equal opportunity for selection (Etikan et al., 2016). To recruit participants to the study, the researcher will utilize the ‘Enroll-HD’ platform. However, the author of this paper is unaware of which sampling method this would be classified as. Those diagnosed with HD can opt into Enroll-HD on a voluntary basis to monitor their symptoms over time and attend the clinic on a yearly basis to provide up-to-date information. This data is then stored and organized for all participants involved in Enroll-HD, so they make be contacted for research studies and interventions. This allows the researchers to use the data collected within Enroll-HD in combination with their hypothesis-driven data collection (Enroll-HD, 2022). It is designed to be used as a community resource so that multiple researchers can benefit from its use and contribute to the information gathered on HD. This will permit researchers to access well documented and up-to-date data on potential volunteers and contact them to participate in the study via the Enroll-HD platform, saving both time and money (Enroll-HD, 2022). For more information on Enroll-HD please follow the link in Appendix 5. To the author of this paper’s understanding, this sample method works in both a non-probability and probability approach. In terms of non-probability, this study would only be recruiting HD diagnosed individuals that have volunteered to participate in Enroll-HD. This would thereby exclude HD individuals outside of the Enroll-HD platform. Acknowledging a probability method, the researcher would then give all members participating in Enroll-HD an equal opportunity of recruitment if they meet inclusion/ exclusion criteria. For the healthy participants, the recruitment process will follow a ‘snowball’ sampling process via word of mouth between co-workers, friends, or participant referrals. The inclusion and exclusion criteria for sample participants can be found in Table 6. 

Table 6: Inclusion and Exclusion Criteria for Sample Participants
	Participants
	Inclusion
	Exclusion

	HD subjects
	Aged 18 years +

English speaking

Confirmed diagnosis of HD

Ability to walk 40 feet without an assistive device

Ability to follow study-related commands ( ~ 4-step commands)

ENROLL-HD participants
	Diagnosed with juvenile HD

Diagnosis of other neurological conditions (outside of those associated with HD) that may impact walking 

Severe visual impairments

Musculoskeletal injuries that may hinder performance 

	Healthy subjects
	Age-matched to HD subjects

Aged 18 years +

English speaking

Ability to walk 40 feet without an assistive device
	Diagnosis of neurological, orthopedic, and medical conditions that may impact balance and mobility



A total sample of 60 participants will be used in the research study. While this is still a relatively small sample size, there are many factors that must be taken into consideration. This will be the first study of its kind within the HD population so it may be used as guidance for future studies examining similar methods. The financial, and practical limitations of researcher caseloads must also be taken into consideration. Participant travel time is also a factor, and since the researcher does not currently have access to the Enroll-HD platform, it is difficult to determine how many potential participants are located within a reasonable distance to the clinical setting which will be discussed in the next section. However, during their HD clinical placement, the author of this paper believes 60 participants is a reasonable sample size given the amount of patient interactions at the weekly HD clinic. When the intervention proposed in this study is implemented alongside Enroll-HD, the participants will be contacted directly by the local site staff regarding the opportunity, and they may decide if they want to volunteer for the study (Enroll-HD, 2022). The participant sample would ideally include equal amounts of men and women, but this will be dictated by the individuals that volunteer. The study will include:
· 20 Healthy controls
· 20 Pre-manifest HD participants
· 20 Manifest HD participants
Participants will be provided with a letter of information detailing the study, and the intended use of data collection. The letter will be written in a digestible and comprehensible manner so the participants and their carers can understand the study they may agree to volunteer for. The letter can be viewed in Appendix 6 along with a consent form in Appendix 7.
3.6 Setting
The setting and environment of a study is an important aspect to take into consideration when carrying out research; it will not only influence the design of research questions but the intervention itself (Burchett et al., 2011; Hammersley & Atkinson, 2007). Due to the cognitive and psychological changes that occur in HD, it is usually recommended that consistent routines are implemented into their daily lives because negative reactions are typically associated with surprises, and change (Nance et al., 2015). To take that into consideration, the author of this paper will be using the Anne Rowling Regenerative Neurology Clinic as the setting for the proposed research. This is a local clinic that HD individuals and their carers attend for their annual check-up appointments, so it is an environment they are already familiar and comfortable with. This setting is also familiar to the author of this paper during their HD clinical placement where they attended the Anne Rowling Clinic on a weekly basis to assess HD service-users. Once the researcher gets approval from the NHS Lothian Council, individual evaluation rooms at the clinic can be booked to complete the assessments used in the proposed study. 
3.7 Cost
The financial expenses in this proposed study may include but are not limited to, the weighted vests, Opal Wireless Inertial Sensors, and the mCTSIB foam; refer to Appendix 8 for all appropriate links. Since the researcher will only be in contact with patients on the day of testing, weighted vests in all sizes (XXS, XS, S, M, L, XL) will have to be purchased to prepare for various body sizes. The following illustrates an estimate cost breakdown:
The cost of weighted vests will amount to ~ $550.00 CAD. 
The cost of the mCTSIB foam will amount to ~ $35 CAD.
The author of this paper attempted to contact the Opal Wireless Inertial Sensor provider to get a cost estimate, but no response was given.
Total cost: ~ $585.00 CAD
The researcher intends to seek external funding to cover the costs associated with the research. This may be accomplished by applying for funding through avenues such as NHS Research Scotland NHS Scotland, (2022); and Lothian Clinical Academic Research Gateway Awards (NHS Lothian, 2022). 

3.8 Procedures, Instruments, and Data Collection

In research, data collection is an essential part of the process, and the collection tools should be utilized to answer the research question. With a multitude of standardized data collection tools available to researchers, selecting the most appropriate tools for the objectives need to consider factors such as their validity and reliability (Batterham & George, 2003; George et al., 2003). Validity suggests the accuracy of the tool, and reliability indicates the consistency of the tool being able to measure what it is being used for (Batterham & George, 2003; George et al., 2003). Other factors that should be taken into consideration when selecting data collection tools involve cost, time constraints, complexity, and ethical matters (Bastos et al., 2014). In this research proposal, two data collection tools will be used to measure the functional movement and spatiotemporal gait parameters. The first tool involves a subjective observation by the researcher using the UHDRS and as mentioned earlier, it is regarded as the ‘gold standard’. The second tool that will be used offers objective data via wearable inertial gait sensors placed on the on the body. These tools will be utilized to measure the influence of increased proprioceptive and tactile feedback via weighted vest on functional movement during the mCTSIB, and 2MWT. 

Prior to explaining the data collection tools and testing conditions, an overview of the weighted vest intervention will be elucidated. Explained in the literature review, two types of weighted vests (fixed weight and BBTW) have been used in movement disorders to examine any influence they may have on functional movement and gait. Initially, the author of this paper was very keen on the use of BBTW vests however, after much consideration, the ‘fixed weight’ vest will be utilized. When reviewing the literature, there is more evidence for the use of BBTW when compared to its fixed weight counterpart. This is apparent in the limited published research for ‘fixed weight’ vests and in the research comparing the use of BBTW and ‘fixed weight’ vests (Widener et al., 2009; Lazaro, 2021; Little et al., 2022). While there were still measured improvements with the use of fixed weight vests, the BBTW appeared to result in more significant findings and marked improvements. This research proposal thus aims to acknowledge the gap of limited empirical research for the use of fixed weight vests in movement disorders when compared to BBTW. The limitations for BBTW vests identified by the researcher also contributed to the altered approach after contacting the Vice President and Chief Technological Officer of the product. The limitations include time constraints, cost, and training. The BBTW vests requires training to correctly measure directional balance loss and appropriately allocate the weight on the vest (Horn et al., 2018). The training and assessment kit would not only cost ~$1, 050.00 USD but there are 4 mandatory webinars to attend, and the submission of a mini case report using the BBTW vest (Appendix 9). Once certified, the BBTW vests can be purchased for $240.00 – 950.00 USD retail depending on the model (Appendix 9). The final limitation is the time constraints associated with the initial assessment for the BBTW weight placement. According to the Vice President, the assessment can take nearly one-hour to complete. While this may not seem to be a long duration for able-bodied participants, this may pose a significant barrier to those with HD as they may not be able to tolerate this added time due to cognitive, psychological, and physical issues. While this statement cannot be evidenced through empirical research, the author of this paper has first-hand experience with symptoms such as fatigue, executive functioning, mood fluctuation, and cognitive delay influencing task performance and participation. The researcher has strategized actions around the time constraint limitation like completing the initial BBTW vest assessment in a separate appointment leading up to the study date, but this poses additional limitations, however, it is beyond the scope of this paper to expand any further. The above information was gathered in email exchanges with the Vice President of the BBTW vest and can be viewed in appendix 9.

Therefore, the chosen intervention used in the research proposal will include a fixed weight vest; follow the link in appendix 8 to view the chosen product. Mentioned in the literature review, there is a lack of information and best practice guidelines when determining an appropriate weight for a vest. The researcher therefore used the methods and findings from previous weighted vest studies in conjunction with their clinical reasoning to determine a suitable weight of 2% of the participants bodyweight. The weight will be evenly distributed across the vest. The researcher chose a lower body weight percentage which roughly aligns with the averaged vest weights across studies (Widener et al., 2009; Hunt et al., 2014; Gorgas et al., 2015; Horn et al., 2018; Widener et al., 2019; Lazaro, 2021; Little et al., 2022). The researcher was cognisant of fatigue, weight loss, and muscle loss being commonly associated with HD and chose not to increase the weight any further for potential safety reasons (Cook et al., 2012; Jankovic & Roos, 2014; Glidden et al., 2020). 

The tests administered during the study to observe functional movement and the impact of the weighted vest will include the mCTSIB, and the 2MWT. The mCTSIB is an inexpensive and common bed-side test that assesses seated and standing balance under various sensory conditions like attenuated proprioceptive and visual feedback. It has been demonstrated to have good validity and reliability (Suttanon et al., 2011; Boughen et al., 2013; Antoniadou et al., 2020). As explained in the literature review, HD individuals experience sensory processing issues due to the degradation in the brain and the mCTSIB may provide a good indication on impairment when these sensory cues are removed. The mCTSIB has been used in HD while wearing inertial sensors and revealed that early impairments in postural control is experienced by pHD individuals when compared to controls and is further exacerbated for those with mHD (Porciuncula et al., 2020). Utilizing the mCTSIB test in this study will contribute to the evidence-base for its use in HD along with increasing empirical evidence for wearable inertial sensors. This approach will increase quantitative research in HD and provide further insight on the experienced motor impairments. Please refer to Figure 1 where the assessment procedure of the mCTSIB is displayed. The 2MWT will also be administered during the research study. The TUG, 2MWT, and 6-minute walk test (6MWT) are frequently used performance-based tests for assessments and clinical trials and are shown to have excellent reliability and validity (Bennett et al., 2017; Leung et al., 2006; Yuksel et al., 2021; Willi et al., 2022). However, the researcher has chosen to use the 2MWT for this study to decrease the potential of fatigue that may arise in the 6MWT and increase the amount of produced quantitative data when compared to the TUG. The 2MWT will be able to provide insight into the mobility and functional movement of the participants in a real-world context. The 2MWT will be performed in a 40-foot hallway free of obstructions and participants will be instructed to walk at a comfortable pace back-and-forth for 2 minutes. 





















Figure 1: mCTSIB Assessment Procedure 
[image: ]Ability Lab, 2013

It is important to mention that all tests will first be completed in the unweighted condition followed by the weighted condition. This is due to some studies illustrating “carry-over” effects from the weighted vest measured benefits, once when the vest is removed (Widener et al., 2009; Horn et al., 2018; Little et al., 2022). Refer to Table 7 which illustrates the research study outline and timeline.

Table 7: Study Outline and Timeline
	Step
	Task
	Outcome Measures
	Duration

	1
	Opal wearable sensor setup & weighted vest setup
	
	~ 10 minutes

	2
	Unweighted mCTSIB seated 
	Primary: Postural Sway
sway velocity, anterior-posterior displacement, medio-lateral displacement, and total sway area

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	3
	Unweighted mCTSIB standing
	Primary: Postural Sway
sway velocity, anterior-posterior displacement, medio-lateral displacement, and total sway area

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	4
	REST
	
	1 minute

	5
	Unweighted 2MWT
	Primary: Spatiotemporal Gait Parameters cadence, gait velocity, stride-length, stride-time, single-limb support time, and double-limb support time

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	6
	REST
	
	5 minutes

	7
	Weighted mCTSIB seated
	Primary: Postural Sway
sway velocity, anterior-posterior displacement, medio-lateral displacement, and total sway area

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	8
	Weighted mCTSIB standing
	Primary: Postural Sway
sway velocity, anterior-posterior displacement, medio-lateral displacement, and total sway area

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	9
	REST
	
	1 minute

	10
	Weighted 2MWT
	Primary: Spatiotemporal Gait Parameters cadence, gait velocity, stride-length, stride-time, single-limb support time, and double-limb support time

Secondary: Observed chorea (increased, decreased, maintained)
	2 minutes

	Total Time: 29 minutes



The UHDRS tool will be completed by the second researcher who is blinded in the study and unaware of when the weighted trials are to take place. However, as mentioned previously, only the relevant sections within the motor assessment will be observed; refer to Table 8 to view the modified motor assessment section of the UHDRS. Due to the short time durations of the four sensory conditions in the mCTSIB, an accurate observation may not be capable and therefore the author of this paper has chosen not to use UHDRS for that test. However, the UHDRS will be used during the 2MWT to gather subjective data observed by the second researcher. This tool will be useful because it will allow for the researcher to observe any noticeable immediate changes in the measured areas with and without the weighted vest. 
To collect and differentiate objective quantitative data, wearable inertial sensors will be donned. While it is accepted that force platforms, and multiple-camera-based gait analysis are considered the “gold standard” in posturography to measure various gait and postural parameters, the evidence for wearable inertial sensors has significantly increased and looks very promising (Neville, et al., 2015; Ghislieri et al., 2019; Kim et al., 2019; Porciuncula et al., 2020; Qiu et al., 2020; Desai et al., 2022; Mobbs et al., 2022). Unlike the gold standard methods, wearable inertial sensors offer a new approach in gait-related research that can save time, labour, cost, and improve accessibility all while providing the same accuracy and objectivity as lab-based gait assessments (Ghislieri et al., 2019; Qiu et al., 2020; Mobbs et al., 2022). In this research proposal, the chosen wearable inertial sensor that will be used is the Clario Opal V2C (FDA Class II medical device, CE Class I medical device) (Clario, 2022). This product was used in the study completed by Little; et al. (2022) and used in many of the studies (10/17) reviewed in (Ghislieri et al., 2019). For more information on this product, please refer to the link in Appendix 8. 

Table 8: Modified Motor Assessment Section of the UHDRS
	Observation
	Rating

	Maximal Dystonia (trunk and extremities)
	0 = absent
1= slight / intermittent
2= mild / common or moderate / intermittent
3= moderate / common
4= marked / prolonged

	Maximal Chorea (face, mouth, trunk, and extremities)
	0 = absent
1= slight / intermittent
2= mild / common or moderate / intermittent
3= moderate / common
4= marked / prolonged

	Bradykinesia-body 
	0= normal
1= minimally slow (? Normal)
2= mildly but clearly slow
3=moderately slow, some hesitation
4= markedly slow, long delays in initiation

	Gait
	0= normal gait, narrow base
1= wide base and/or slow
2= wide base and walks with difficulty
3= walks only with assistance
4= cannot attempt


(Kietburtz, 1996)


The Clario Opal sensors will be donned on the participants upper extremities (both wrists), lower extremities (both shanks), sternum, and Lumbar region (L5) and will allow for accurate measures of postural sway and spatiotemporal gait parameters (Ghislieri et al., 2019). During the mCTSIB test, the sensors will be used to measure postural sway by calculating sway velocity, anterior-posterior displacement, medio-lateral displacement, and total sway area (Rombaut et al., 2011; Ghislieri et al., 2019; Porciuncula et al., 2020). In the 2MWT, the sensors will measure spatiotemporal gait parameters by calculating cadence, gait velocity, stride-length, stride-time, single-limb support time, and double-limb support time (Gorgas et al., 2015; Little et al., 2022; Mobbs et al., 2022). Mentioned throughout the paper, these are all factors that contribute to functional movement, balance, and stability so by measuring these aspects through inertial sensors, quantifiable data will be collected to see the influence a weighted vest may have. 
The primary outcome measures will be the aspects associated with the spatiotemporal gait parameters and postural sway mentioned above and, the secondary outcome measure will include any observable differences in chorea when the weighted vest is donned. 
3.9 Data Analysis
The aim of the research proposal is to explore the use of increased proprioceptive and tactile feedback via weighted vest and examine its influence on spatiotemporal gait parameters and postural sway in HD. The data collected from both tests under the weighted conditions will then be analyzed and interpreted for each participant. Using statistical software, the quantitative data can then be organized and coded and is recommended that an external checker should verify the information to support accuracy (Bowling, 2009). The following methods will be used to analyze the data gathered during the intervention trials:
1. IBM SPSS 29
2. Two-way ANOVA with Repeated Measures
3. Boniferroni Correction Test
To address the aim of the research proposal, the mCTSIB and 2MWT outcomes will be analyzed for each participant during their pre-test and post-test weighted conditions. IBM SPSS 29 will be used to provide an analysis on statistics. Given the outlined study, a two-way ANOVA with repeated measures is most appropriate to carry-out. An ANOVA stands for analysis of variance and is used to determine if experiment results reached significance, this will establish if the null hypothesis is then accepted or rejected (Ostertagova & Ostertag, 2013). If only two populations were being examined in this study, then paired t-tests could be used to compare observations, however, since there are three groups being examined, it prompts the use of ANOVA (Park et al., 2009). Participants will act as their own control, so pre-test and post-test measurements will be analyzed. A two-way ANOVA with repeated measures is appropriate because two interventions are being implemented throughout the study (unweighted and weighted) and will be replicated in all three groups. A repeated measure will be used because in the data collection, the outcomes of the mCTSIB and 2MWT will have to be measured for all three groups. By using a two-way ANOVA with repeated measures, it will provide a within-group and between-group comparison for both interventions and will have reduced chances of error when compared to completing paired t-tests independently (Park et al., 2009). A Boniferroni correction test (post-hoc) will also be utilized following the ANOVA. With multiple statistical tests being run on the same set of data, there is an increased probability that inaccurate statistically significant differences can be discovered and the Boniferroni correction test will verify the findings (Armstrong, 2014). This would be done by correcting the p value to ensure that findings are truly statistically significant. To the author of this paper’s understanding, another advantage of the Boniferroni correction test is that it can help to identify other statistically significant relationships that were not being directly measured by the researcher.
Statistical significance is acknowledged at p = <0.05, meaning that if the data analysis identifies p values less than 0.05, the finding would be significant. This would then reject the null hypothesis and accept the experimental hypothesis as improvement in spatiotemporal gait parameters and postural sway was found under the weighted vest condition. 
3.10 Ethics
Integrating ethical considerations and practice is an essential process within health research study’s that is dynamic, and reflexive (Smith et al., 2009; Ross, 2012). In research, there is potential for harm to be done and therefore ethical principles must be upheld; four identified principles include respect for autonomy, justice, beneficence, and non-maleficence (Beauchamp & Childress, 1989; Ross, 2012). These principles will briefly be explained except for justice. To respect autonomy, the participants must provide informed and voluntary consent to become involved in the study while being aware of potential risks and benefits; they must also be reassured that they can withdrawal at any point without any repercussions or ill-feelings (Ross, 2012). 

Autonomy has been addressed by the researcher through the information sheet in Appendix 6 and consent form in Appendix 7. Capacity and confidentiality are other factors that must be taken into consideration for this study. Due to the psychological and cognitive impairments associated with HD, the medical records on participants within the ENROLL-HD platform must be screened prior to selection to ensure participants that do not have capacity are excluded from the potential sample pool. Regarding confidentiality, this will be upheld to the standards outlined in ENROLL-HD. Those involved in ENROLL-HD each have a unique identifier that does not use their name or personal information; only a select few individuals have access to those specific details. For researchers to obtain access to information contained within the ENROLL-HD platform, they will have to be verified as working at a recognized research organization and required to sign legal agreements to uphold lawful and ethical standards; refer to Appendix 5 for further detail (Enroll-HD 2022).  

Beneficence is concerned with the amount good research can do for the participant or society and non-maleficence refers to the degree to which harm reduction and preventative measures the researcher has implemented for their study (Ross, 2012). This proposed study has a high level of beneficence if positive benefits are found with the weighted vest, as it addresses multiple gaps in research mentioned in section 2.6. The researcher is required to weigh the risks and benefits for a study and a risk assessment can be found in Appendix 10. The researcher will need to seek ethical approval from the research ethics committee at Queen Margaret University and can be achieved by completing an ethical approval form; refer to Appendix 10. Coming from an occupational therapy discipline, the researcher must also comply with the code of ethics and professional conduct. 

Chapter 4: Conclusion
Mentioned throughout the literature review, functional movement has a significant influence on one’s ability to participate and perform in desired occupations. Factors that are associated with the quality of movement include balance, posture, and gait, and when these become impaired there is a direct correlation with motor functionality. These may impact an individual’s fine or gross motor skills and have been known to greatly increase the risk of falls. Most of these factors become impaired for those diagnosed with movement disorders such as PD, MS, HD, and dystonia which were each mentioned throughout the literature review. While various movement disorders were used to inform the literature review, all findings were then related to HD which was the primary focus for the researcher. HD is notoriously recognized for the involuntary and uncontrolled movements of chorea, but as illustrated throughout this paper, there are a multitude of cognitive, motor, and psychiatric symptoms that contribute to its complexity. Not only do these symptoms each have their own implications on QoL, and total functionality, but some become interrelated and may exacerbate the experienced symptomology and create a negative symptom cycle. Although it is important to understand and acknowledge the complexity of HD symptoms, the main area of focus for this paper revolved around the motor aspects associated with the condition. More specifically, how the sensory processing issues affiliated with HD can impact movement and how it may be manipulated to potentially increase functional movement. Total brain atrophy will succumb to the neurodegenerative condition of HD and one of the main areas affected in the brain is the BG which is known to filter sensory information experienced by the body. When this region of the brain becomes effected, sensory processing becomes an issue for HD individuals and it will have a detrimental effect on motor behaviour, control, and overall functional movement. 
In quantitative research, quality of functional movement can be measured in multiple ways, but this research study analyzed postural sway along with the spatiotemporal gait parameters. These measurements will provide quantitative data in key movement markers that are directly related to the quality of gait, balance, and posture. This information was gathered by using subjective observations of the researcher using the UHDRS, as well as accurate quantitative recordings measured by wearable inertial sensors. By obtaining pre-test and post-test measurements in the mCTSIB and 2MWT, the researcher will then be able to trial the weighted vest intervention and identify any positive or negative findings. All collected data will then be analyzed through a two-way ANOVA with repeated measures and boniferroni correction method to determine any statistically significant. To maintain the safety and confidentiality of the participants, ethical guidelines will be followed by all researchers involved, additionally, the protocols of ENROLL-HD will be adhered to.
This research aimed to address the gaps that were identified by the researcher before and after the completion of the literature review. The proposed study will address multiple gaps including lack HD research, lack of HD interventions, and lack of empirical evidence for the use of weighted vests. This research proposal addresses the scholarship of practice because it has identified a problem that can be addressed by occupational therapy, assessment measures were developed to target service-user outcomes, the therapy processes was outlined, and a therapeutic intervention was tested (Kielhofner, 2005). 
The author of this paper believes that a well-informed and thought-out intervention process has been developed to address the functional movement issues faced in HD. If proven beneficial, a weighted vest intervention is perfectly situated to address multiple symptoms experienced in HD and may significantly increase the QoL, and functional movement. It is important to mention, that while in contact with the Vice President and Chief Technological Officer of BBTW vests, the author of this paper inquired about research that may have been completed with the HD population. Following this, the Vice President provided a poster presentation where the BBTW vest was trialed with 2 HD participants and positive outcomes were found; see Appendix 11. While those findings were not published, that study reinforces the logistics and reasoning for the intervention proposed in this dissertation. When in communication with an HD specialist, favourable consideration was given to the study proposed in this dissertation, refer to Appendix 12. 



Chapter 5: Future Directions.
The author of this paper believes that future directions for weighted vest studies may include some of the following displayed in Table 9. 
Table 9: Future Directions
	Recommendation
	Influenced Areas 

	Investigating the impacts of weighted vests in the HD population for:
I. Anxiety
II. Aggression / agitation
III. Sleep disturbance
	By continuing research based on these recommendations, there may be an impact on education, policy, and practice. Further research on weighted vests may influence policies on prescribing and recommending weighted vests as an intervention. It will also then have a direct influence on practice, and the education revolved around weighted interventions. 
These recommendations will increase the research towards HD, HD interventions, and weighted vests. When more information is gathered through research on HD, it may then lead to changes in practice and education surrounding the condition. 

	Investigating the use of ‘fixed’ weighted vest and BBTW vests with the HD population
	

	Compare the impact of ‘fixed’ weighted vest and BBTW on spatiotemporal gait parameters and postural sway in HD population and various movement disorders
	

	Increase studies involving combined motor and cognitive tasks as their ability to multitask is diminished 
Incorporate weighted vest to investigate if there are any benefits
	

	Incorporate testing 0% weight trials after weighted intervention trial, some research suggests there may be lasting benefits from the weighted vest (Little et al., 2022). 
	

	Incorporate different walking speeds in the weighted vest intervention trials to analyze any changes with the speed variable manipulated. 
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APPENDICES:


Appendix 1: Link to Jimmy Pollard Video 
https://www.youtube.com/watch?v=nWmb5g5Kuag&t=1s

Appendix 2: Detailed Search Strategy for Huntington Disease Specific Interventions

	Database Used
	Search String
	Filters
	Total Results
	Results After Applied Filters
	Articles used in Literature Review

	SCOPUS
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "Huntington* disease" OR "Huntington* chorea"

3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mice” OR “mouse” OR “rat”

5. “Autism” OR “ASD”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text

6.Article Title, Abstract, Keywords

	
	
	

	
	1 AND 2
	
	211
	75
	0


	
	1 AND 3
	
	32
	18
	0

	
	2 AND 3
	
	1
	1
	0

	
	1 AND 2 AND 3
	
	1
	1
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	115
	27
	0

	
	1 AND 3 AND NOT 4 AND NOT 5
	
	3
	3
	0

	EBSCOhost: CINAHL, MEDLINE, APA PsycInfo
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "Huntington* disease" OR "Huntington* chorea"

3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mice” OR “mouse” OR “rat”

5. “Autism” OR “ASD”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text
	
	
	

	
	1 AND 2
	
	224
	44
	0


	
	1 AND 3
	
	20
	11
	0

	
	2 AND 3
	
	0
	0
	0

	
	1 AND 2 AND 3
	
	0
	0
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	162
	29
	Quantifying Postural Control in Premanifest and Manifest Huntington Disease Using Wearable Sensors 


	
	1 AND 3 AND NOT 4 AND NOT 5
	
	9
	6
	0

	Web of Science
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "Huntington* disease" OR "Huntington* chorea"

3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mice” OR “mouse” OR “rat”

5. “Autism” OR “ASD”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text
	
	
	

	
	1 AND 2
	
	116
	25
	0

	
	1 AND 3
	
	21
	16
	0

	
	2 AND 3
	
	0
	0
	0

	
	1 AND 2 AND 3
	
	0
	0
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	96
	18
	0

	
	1 AND 3 AND NOT 4 AND NOT 5
	
	6
	5
	0




Appendix 3: Detailed Search Strategy of Related Neurodegenerative condition Interventions

	Database Used
	Search String
	Filters
	Total Results
	Results After Applied Filters
	Articles used in Literature Review

	SCOPUS
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "movement disorder*" OR "Parkinson* disease" OR "parkinsonism" OR "dystonia" OR "Dystonic" OR "chorea" OR "Dementia" OR "Alzheimer*" OR “uncontrolled movement” OR “involuntary uncontrolled movement” OR “tremor” OR “Dyskinesias” OR “Multiple Sclerosis” OR “Cerebellar Ataxia” OR “ataxia”


3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mouse” OR “mice” OR “rat”

5. “ASD” OR “Autism”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text

6.Article Title, Abstract, Keywords

	
	
	

	
	1 AND 2
	
	6,353
	2,530
	0

	
	1 AND 3
	
	32
	18
	0

	
	2 AND 3
	
	9
	7
	0

	
	1 AND 2 AND 3 
	
	1
	1
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	4,542
	1,567
	Changes in standing stability with balance-based torso-weighting with cerebellar ataxia: A pilot study

	
	1 AND 3 AND NOT 4 AND NOT 5
	
	3
	3
	0

	
	2 AND 3 AND NOT 4 AND NOT 5
	
	6
	4
	0

	EBSCOhost: CINAHL, MEDLINE, APA PsycInfo
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "movement disorder*" OR "Parkinson* disease" OR "parkinsonism" OR "dystonia" OR "Dystonic" OR "chorea" OR "Dementia" OR "Alzheimer*" OR “uncontrolled movement” OR “involuntary uncontrolled movement” OR “tremor” OR “Dyskinesias” OR “Multiple Sclerosis” OR “Cerebellar Ataxia” OR “ataxia”

3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mouse” OR “mice” OR “rat”

5. “ASD” OR “Autism”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text
	
	
	

	
	1 AND 2
	
	8,127
	3,039
	0

	
	1 AND 3
	
	20
	11
	Acute effects of axial loading on postural control during walking and turning in people with multiple sclerosis: A pilot study 

	
	2 AND 3
	
	6
	4
	0

	
	1 AND 2 AND 3
	
	1
	1
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	7,553
	2,747
	0

	
	1 AND 3 AND NOT 4 AND NOT 5
	
	9
	6
	0

	Web of Science
	1. "Sensory motor integration" OR "sensory integration" OR "sensory therapy" OR "sensory modality" OR "sensory disorder*" OR "sensation disorder*" OR "sensory based intervention" OR "somatosensory" OR "sensory processing" OR "sensory modulation" OR "sensory stimulation" OR "movement instability"

2. "movement disorder*" OR "Parkinson* disease" OR "parkinsonism" OR "dystonia" OR "Dystonic" OR "chorea" OR "Dementia" OR "Alzheimer*" OR “uncontrolled movement” OR “involuntary uncontrolled movement” OR “tremor” OR “Dyskinesias” OR “Multiple Sclerosis” OR “Cerebellar Ataxia” OR “ataxia”

3. "weighted blanket" OR "weighted jacket" OR "weighted cloth*" OR "weighted material" OR "weighted garment" OR "weighted vest"

4. “mouse” OR “mice” OR “rat”

5. “ASD” OR “Autism”
	1.English

2.Journal Article

3.2012-2022

4.Peer Reviewed

5.Full Text
	
	
	

	
	1 AND 2
	
	3, 730
	1, 697
	0

	
	1 AND 3 
	
	21
	16
	0

	
	2 AND 3 
	
	10
	9
	0

	
	1 AND 2 AND 3
	
	1
	1
	0

	
	1 AND 2 AND NOT 4 AND NOT 5
	
	3, 149
	1, 377
	0

	Grey Literature
	
	
	
	
	Gait changes with balance-based torso-weighting in people with multiple sclerosis

The immediate effect of trunk weighting on balance and functional measures of people with Parkinson’s disease













Appendix 4: Critical Appraisal 

	Author, year, country
	Purpose of Research
	Population
	Method
	Main Findings
	Strengths
	Limitations

	Widener et al. 2019, USA
	Determining if a single session of strategic torso-weighting changed immediate standing and/or functional movement in people with cerebellar ataxia.
	10 people with cerebellar ataxia and 10 matched controls. 

All had to be English speaking, over the age of 18, able to ambulate for at least 20ft with a cane or no assistive device, and able to stand unsupported for 60 seconds. 
	Single 2-hour session Quasi-experimental pilot study. 

Weights (0.06, 0.11, or 0.23kg) – equivalent to 0.7% to 1.4% of body mass were placed in a vest-like garment (BalanceWear, Motion Therapeutics). 

Location of weights in garment were customized to each individual to counter their balance loss, asymmetry of resistance and latency of response to perturbations. 

Measured standing ability through the Modified Clinical Test of Sensory Interaction on Balance (mCTSIB). Participants stood on firm and foam surfaces, with eyes open and eyes closed for 30sec each. Each task was only performed once. “Body sway” was recorded by body-worn inertial sensors. 

For dynamic stability, the Timed UP and Go (TUG) was performed twice – once for practice, the second for recorded trial. Each participant stood up from a chair, walked 3 metres, turned around, walked back, and sat down in the chair again. 

The participants performed all testing tasks without weights before undergoing the Balance-based torso-weighting (BBTW) procedure. Tasks were performed again after receiving BBTW weights. 

Participants also completed the Activities-specific Balance Confidence (ABC) scale. 
Participants with Ataxia also underwent testing using the Scale for the Assessment and Rating of Ataxia (SARA) to provide an indication of Ataxia severity. 
	The standing time for Ataxic participants was significantly longer during weighted trials, and the contrls stood for maximum time under weighted and unweighted conditions. 

Increased severity of Ataxia was moderately correlated with increased improvements in standing time during the BBTW condtion.

Postural sway decreased in conditions with greater sensory challenges with weighted vest.

Torso weighting in Ataxic participants did not change the TUG time. 
	The study was able to provide preliminary evidence for the feasibility of BBTW for individuals with Ataxia through reduction in postural sway and ability to stand for longer durations. 

Static and dynamic balances tasks were examined. 

Used relevant primary and secondary outcome measures to take the symptoms of Ataxia into consideration when consolidating the results. 
	Small sample size 

The sample size was further restricted due to inertial sensor technical difficulties. 

Participants limited practice time with BBTW.

Used too short of a walking distance to accurately collect gait velocity.

	Little et al. 2022, USA
	The purpose of this study was to investigate the acute effects of non-specific axial loading on gait velocity and quality during forward walking and turning in individuals with Multiple Sclerosis (MS). 
	12 participants with MS and 11 age and gender matched healthy individuals (controls). Age ranged from 44-75 years old. 

Participants with MS had to be clinically diagnosed, have a self-reported score of 0-4 on the Patient Determined Disease Steps (PDDS) scale, and acknowledged an absence of disease exacerbation in the previous month. 
	Cross sectional study.

All participants completed five trials of continuous walking with turns wearing weighted vests at 0%, 2%, 4%, 5% and then 0% of their body weight. 

Gait parameters were measured using wireless inertial sensors. 

Perceived ambulation disability was assessed with the Multiple Sclerosis Walking Scale-12 (MSWS). 

Falls Efficacy Scale – International (FES-I) was used to assess participants concerns about falling when performing seven activities of daily living. 
The effect of perceived fatigue on performance of various daily activities was assessed using the Modified Fatigue Impact Scale (MFIS). 
	The gait variables of double-limb support time, gait speed, stride length, and turn velocity were statistically significant between groups showing a larger impairment in the MS group. 

There was no significant effect between groups under either of the weighted vest conditions. 

Within the MS group, significance was found with an increased cadence while wearing the 2%, 4% and 0% Post weighted vest and gait speed increased while wearing the 2% and 0% Post weighted vest. Although it did not reach significance, there was shorter time spent in double support for all weighted categories.

The control group, faster cadence significance was found in the 2%, 5%, and 0% Post weighted vests. Gait speed significance was found in the 2% and 0% Post weighted vest. Double support time was decreased and reached significance in 4%, 5% and 0% POST weighted vests.  Finally, turn velocity significance was reached in the 0% POST. 
	Negative changes in gait are predictive of falls and is not captured under many clinical tests; the use of wearable gait sensors allows for the collection of movement data to detect these changes. 

The results illustrated a weighted vests ability to improve gait parameters and provides further evidence for generalizable, low-cost, and accessible intervention. 

This alternative may improve walking for MS Individuals and, Non-specific axial loading is more accessible as it does not require gait analysis to determine specific weight placements like the balance-based torso weighting. 

By completing another 0% weight trail at the end of the weighted trials, the study was able to examine if there was a lasting positive effect on gait. 
	Small sample that may not be representative of the general MS population.

All participants in the study were middle-aged and reported mild to moderate gait impairment, only reported a  moderate concern about falling. Diverse samples  is warranted in future research to increase generalizability. 

During the trials, participants were told to walk at a comfortable walking speed. Walking at a faster pace may have challenged the participants. Due to this factor not being controlled, it could have led to a potential decrease in more significant findings. 

	Gorgas et al. 2014.
USA
	The purpose of this study was to investigate the effects of BBTW on gait parameters in people with MS and healthy controls. 
	40 total participants were enrolled including 20 with MS and 20 healthy controls

Inclusion criteria: 
MS diagnosis, ability to walk 25ft with or without a cane, must have difficulties with balance or mobility. 
	 Non-randomized controlled experiment. 

People with MS walked on an instrumented mat at their fastest speed for three trials each under BBTW vest condition and no weighted condition. Healthy controls walked in both weighted and unweighted conditions first at their fastest speed and then at a matched velocity for those with MS.

The instrumented mat measured velocity, cadence, time spent in single-limb / double limb support, step length, and support base. 
	 BBTW vests significantly increased velocity, cadence, and time spent in single-limb support time for the MS participants. 

Significantly increased velocity, cadence, and decreased support based was found in the fast trial while wearing BBTW vest for healthy participants. 

All participant displayed increased gait velocity and cadence during the fast walk while wearing a BBTW vest. Improvements with time spent in single-limb support and less time in double-limb support for MS participants may indicate greater stability in gait while wearing the BBTW vest. 
	Improvements were seen in healthy controls and MS participants with BBTW vest. This finding might indicate that there may be a more universal application for the use of BBTW vest outside of movement disorders. 

Healthy participants completed trials with matched velocities for the MS participants. 



	Relatively small sample size

Lack of male participants

No Boniferroni or post-hoc test  was used.

	Porciuncula et al. 2020. USA
	The purpose of this study was to systematically examine the integrity of the postural control system across the spectrum of HD using wearable sensors by examining sensory modulation in different positions and in states where sensory cues are attenuated and enhanced. 
	39 total participants were enrolled including 11 healthy controls, 17 premanifest HD (pHD) patients and 11 manifest HD (mHD) patients. 

Inclusion criteria for pHD and mHD participants: 1. Age 21-65 years old, 2. Able to walk 20m without an assistive device, 3. Genetic confirmation and diagnostic confidence score (DCS) of <4 for pHD, and 4. Genetic confirmation or known family history and DCS of 4 for mHD. 
	An observational method was used for this study. 

Using wearable triaxial inertial sensors, postural control was assessed according to 1. Postural set (sit vs stand), 2. Sensory attenuation using clinical test of sensory integration, and 3. Sensory enhancement with gaze fixation. 

For 1 and 2, there were 4 different testing conditions including Eyes open (EO) on a firm surface and on a foam surface. As well as eyes closed (EC) on a firm surface and a foam surface. 

For number 3, there were 2 conditions with gaze fixation including standing on both a firm and foam surface. 

3 groups total: pHD, mHD, and controls. 
	Increased postural sway was evident in all groups in standing conditions compared to seated.

pHD participants had significant degradation in postural sway markers compared to controls  when visual and proprioceptive cues were reduced.

mHD participants displayed significant postural control degradation in all domains compared to controls  during EO-foam and EC foam conditions. In mHD, there was exaggerated anteroposterior sway in standing and in seated. 

Results from the study were able to reveal early deficits in postural control in pHD and further characterizes the impairments associated with mHd. 

Postural deficit measures had a moderate positive correlation with the CAG-age product (CAP) score, and a moderate to high positive correlation with total motor score (TMS). 

Postural sway smoothness and amplitude, and frequency was improved with gaze fixation for pHD participants but not mHD.  
	It was the first study to examine wearable inertial sensors when performing the mCTSIB for pHD and mHD. The results revealed early deficits in pdHD for postural control which can then influence the timing of HD treatment. 

Was able to examine the influence of 2 sensory cues in the same study. 

The wearable sensors used during mCTSIB have good reliability in pHD and mHD and are sensitive to subtle postural changes as early as pHD.  

Was able to illustrate the progressive nature of the condition in relation to balance and posture control. 

Compared multi-directional sway in different body planes. 

Information is easily digestible and relates findings back to HD well. 
	Small sample size. 

Gaze fixation was not measured during eye movements. 

Cognition levels may influence the performance of gaze tasks and data of cognitive performance was not available. 

Findings cannot be generalized

Only static posture is analyzed, not dynamic movement. 

	Lazaro 2020, USA
	The purpose of the study was to determine if weighting of the trunk causes an immediate improvement in balance and functional measures in people with Parkinson’s Disease (PD).
	42 participants with PD age ranging from 47 to 85.
24 male 
18 female 

Inclusion criteria: 
-At least 18 years old
-Currently under the care of a physician
-Documented verification of PD diagnosis
-Able to fully bear weight on both lower extremities
-Able to stand without support for at least 10 seconds
-Able to ambulate at least 50ft with or without a cane or walker
-Stable vital signs
-No significant metabolic, cardiovascular, respiratory, renal, hepatic or orthopedic condition
-Able to follow instruction
-Able to read and speak English. 

Exclusion criteria:
-Presence of other medical conditions that might significantly affect balance. 
-Presence of spinal precautions
-Severe visual or cognitive impairment
-severe pain
-Severe or fixed structural limitations or muscular conditions that would contraindicate or prevent performance of any test maneuvers. 
	Randomized controlled clinical trial. 

42 participants with PD were randomly assigned to a no weight (NW), fixed weight (FW), and variable weight (VW) placement group. 

Outcome measures included the instrumented modified clinical test of sensory interaction in balance (mCTSIB), Tinetti Performance Oriented Mobility Assessment (POMA),  timed up and go (TUG), modified timed up and go (mTUG), functional reach test (FRT), 360 degree turns, 10-meter walk test (10MWT), and lower extremity strength. 

The measures were performed at baseline and after group assignment. 

Weights were approximately 1-1.5% of the participant’s body weight were attached to the trunk using a vest-like garment. 


	The VW group showed significant improvement in the 10-metre walk compared to the NW group and FW group. All other outcome measures did not reach significant differences between all groups. 

The VW group demonstrated statistically significant difference in the following measures: instrumented mCTSIB stable surface eyes open / unstable surface eyes open, turn to to Right, steps to right, 10MWT, Right ankle plantarflexors strength and Left knee extensors strength. 

The FW group only showed significant differences in the pretest-posttest values of right knee extensor strength. 

Overall, the study found that the weights that are strategically placed  on the torso (VW) in response to each individuals balance loss yielded the most positive and significant results. 
	All of the outcome measurement tools have good to excellent reliability. 

Was able to compare different strategies of weighted vest usage and contribute to the need for evidence for this type of intervention. 

A blinding procedure was used to control examiner bias. 

Adds to the body of knowledge on the efficacy of interventions that augment sensory input to improve balance and mobility. 

Has recommendations for future studies.

Language was clear and understandable. 
	Small sample size. 

The participants in the study were functioning at a higher level and were all classified as a low falls risk which may have not demonstrated a significant improvement.

Medication that assists with the symptoms of MS may have skewed the results of the intervention. 

The garment used to attach the weights on the torso was quite elastic and the weights may have shifted throughout the testing.  


(Aveyard et al., 2016)

Appendix 5: Links for Enroll-HD information in order of recommended visit

1.Link to General information:

https://www.enroll-hd.org/for-hd-families/enroll-hd-as-a-platform/

2.Link to ethical and privacy considerations:

https://www.enroll-hd.org/for-hd-families/faqs/



































Appendix 6: Participant Information Letter

[bookmark: _Toc333482382][bookmark: _Toc334772636]
[bookmark: _Toc333482383][bookmark: _Toc334772637][image: qmulogo_line]
[bookmark: _Toc332010091][bookmark: _Toc332362021][bookmark: _Toc333482384][bookmark: _Toc334772638]Participant Information Sheet
To explore the use of weighted vests and their influence on spatiotemporal gait parameters and postural sway. 
Hi there, my name is Alexander Bergen, I am a postgraduate student attending Queen Margaret University and I would like to invite you to take part a research study.  Before you decide whether or not to take part, it is important for you to understand why the research is being done and what it will involve.  Please take time to read the following information carefully. Talk to others about the study if you wish.  Contact us if there is anything that is not clear or if you would like more information.  Take time to decide whether or not you wish to take part.

[bookmark: _Toc332010092][bookmark: _Toc332362022][bookmark: _Toc333482385][bookmark: _Toc334772639]What is the purpose of the study?
With very limited interventions available for Huntington’s Disease, I have taken this time and committed my research to try and develop a potential mobility-related intervention. As you may have experienced, there are typically balance, gait, and postural difficulties associated with Huntington’s Disease. To acknowledge these difficulties, I will ask you to wear a light-weight vest that is 2% of your body while performing two different exercises. To explore any impacts the vest may have, I will ask you to wear motions sensors so it can measure your quality of movement while you engage in the activities. 
[bookmark: _Toc332010093][bookmark: _Toc332362023][bookmark: _Toc333482386][bookmark: _Toc334772640]
Why have I been asked to take part?
You have been asked to take part in this study because you have been diagnosed with Huntington’s Disease and are either in the pre-manifest or manifest stage of the disease or you are a control participant being used in the study. 
[bookmark: _Toc332010094][bookmark: _Toc332362024][bookmark: _Toc333482387][bookmark: _Toc334772641]Do I have to take part?
No, it is up to you to decide whether or not to take part.  If you do decide to take part, you will be given this information sheet to keep and be asked to sign a consent form.  If you decide to take part you are still free to withdraw at any time and without giving a reason.  Deciding not to take part or withdrawing from the study will not affect the healthcare that you receive.

[bookmark: _Toc332010095][bookmark: _Toc332362025][bookmark: _Toc333482388][bookmark: _Toc334772642]What will happen if I take part?
If you choose to participate in the study, you will attend the Anne Rowling Clinic at the Royal Infirmary of Edinburgh. This one-time appointment will take around 30 minutes to complete from start to finish and you will be working alongside myself and one other colleague of mine. Your bodyweight will be taken to determine how much weight needs to be placed into the vest (2%), and the vest will then be fitted to your body at an appropriate size and comfort level. Motion sensors will then be placed on your sternum, across your waist, on each wrist, and on each of your lower legs. 
The first task will include 4 different conditions that will alter your senses and will each be completed during seated and standing trials for weighted and unweighted conditions. 
1.Feet placed on firm ground with eyes open
2.Feet placed on firm ground with eyes closed 
3.Feet placed on foam with eyes open
4.Feet placed on foam with eyes closed
The second task will involve you walking back and forth in a 40-foot hallway as many times as you can while walking at a safe and comfortable speed in weighted and unweighted conditions.
While you are performing both tasks, I will be following behind you to ensure your safety just in case you were to lose you balance. 
With your consent, we will inform your GP that you are taking part in this study and your information will be stored within the ENROLL-HD platform that you are voluntarily participating in. 
[bookmark: _Toc332010096][bookmark: _Toc332362026][bookmark: _Toc333482389][bookmark: _Toc334772643]
What are the possible benefits of taking part?
[bookmark: _Toc332010097][bookmark: _Toc332362027][bookmark: _Toc333482390][bookmark: _Toc334772644]You may/may not get a direct benefit from taking part in this study. However, you will be contributing to the on-going effort of designing Huntington’s Disease interventions that may be utilized to help manage symptoms. By participating in this study, you will be providing key information that will be analyzed and interpreted to see if positive results were found while using the weighted vest. 

What are the possible disadvantages and risks of taking part?
[bookmark: _Toc332010098][bookmark: _Toc332362028][bookmark: _Toc333482391][bookmark: _Toc334772645]It is not thought that there are many disadvantages; however, it is possible that if you have a balance, gait, or postural impairment that you may be at risk of a near-fall or a fall. However, a researcher will be always following behind you to help prevent this from happening. This study will not require much of your time as it is a one-time visit that lasts roughly 30 minutes. 

What happens when the study is finished?
At the end of the one-time visit, the study will conclude. The information will be stored within the ENROLL-HD platform that you have voluntarily agreed to participate in. Should you find the weighted vest helpful, you may consult your HD specialist that can recommend an appropriate healthcare professional to consult you on this matter. 

[bookmark: _Toc332010099][bookmark: _Toc332362029][bookmark: _Toc333482392][bookmark: _Toc334772646]Will my taking part in the study be kept confidential?
All the information we collect during the course of the research will be kept confidential and there are strict laws which safeguard your privacy at every stage. Your name will be removed from the data so that you cannot be recognised from it.  This study will also follow the strict guidelines enforced with the ENROLL-HD platform to maintain your confidentiality. 

[bookmark: _Toc332010100][bookmark: _Toc332362030][bookmark: _Toc333482393][bookmark: _Toc334772647]What will happen to the results of the study?
The study will be written up as a final dissertation and will adhere to the Queen Margaret University ethical guidelines. The results may be published to contribute to research in related fields and educate others, however, anonymity will be maintained. 

[bookmark: _Toc332010101][bookmark: _Toc332362031][bookmark: _Toc333482394][bookmark: _Toc334772648]Who is organising the research and why?
[bookmark: _Toc332010102][bookmark: _Toc332362032][bookmark: _Toc333482395][bookmark: _Toc334772649]This study has been organised by myself, Alexander Bergen as part of my MSc Occupational Therapy dissertation. 

Who has reviewed the study?
The study proposal has been reviewed by Queen Margaret University to ensure all ethical guidelines and upheld. A favourable ethical opinion has been obtained from South East NHS management approval has also been obtained. 
If you have any further questions about the study please contact Alexander Bergen on:
Email: 20007435@qmu.ac.uk

If you would like to discuss this study with someone independent of the study, please contact:
Sylwia Górska 
Lecturer, Occupational therapy | Reset Programme Lead
Email: sgorska@qmu.ac.uk

If you wish to make a complaint about the study please contact:
Head of Division
Division of Occupational and Arts Therapies
Queen Margaret University
EH21 6UU
Thank you for taking the time reading this information sheet.





















Appendix 7: Participant Consent Form

[image: Text

Description automatically generated]
Centre Number: Queen Margaret University
CONSENT FORM
Title of Project:
 Name of Researcher:  YOUR NAME HERE	
 Please initial box
	I confirm that I have read and understood the information sheet dated 16/11/2022 for the above study. I have had the opportunity to consider the information, ask questions, and have had these answered satisfactorily. 
	

	I understand that my participation is voluntary, and that I am free to withdraw at any time without giving any reason, without my medical care or legal rights being affected.
	

	I understand that relevant sections of my medical records and data collected during the study may be looked at by the researchers, where it is relevant to this research project. I give permission for these individuals to have access to my records.
	

	I agree to take part in the above study. 
	

	
	
	
	
	

	Name of Patient                  
	
	Date     
	
	Signature

	

	
	
	
	

	Name of Person taking consent
	
	Date                                   
	
	Signature             


Name of researcher: Alexander Bergen
Address: Address: 
Queen Margret University,
Queen Margaret University Drive,
Musselburgh, 
EH216UU

Email: 20007435@qmu.ac.uk



Appendix 8: Links to Equipment Used in Research Study Proposal

Clario Opal V2C System: 

https://clario.com/solutions/precision-motion/

Weighted Vest:

https://nationalautismresources.com/weighted-pressure-vest/

Foam Required for mCTSIB:

https://foamsolutions.ca/products/foam/memory-foam





























Appendix 9: BBTW Information and Email Exchange

Link to the training outline: 

https://www.motiontherapeutics.com/wp-content/uploads/BBTW-Certification-Guide-v010322.pdf

Pricelist for various BBTW vests:
[image: Graphical user interface, text

Description automatically generated]

Email Exchange with Vice President and Chief Technological Officer of BBTW vest:

11/17/22, 2:07 PM Gmail - Vest Inquiry 
[image: page1image13615104]
Alex Bergen <alexbergen276@gmail.com> 
Vest Inquiry 
7 messages 
Alex Bergen <alexbergen276@gmail.com> To: cindy@motiontherapeutics.com 
Hi Cindy, I hope you had a pleasant weekend! 
Sun, Oct 23, 2022 at 9:16 PM 
My name Is Alexander Bergen, I am currently a Masters student in Occupational Therapy and in the process of completing my dissertation! I just have a few questions if you don't mind me asking! 
To give you some context, I am completing my dissertation to address the needs of Huntington's Disease (HD) and the lack of available interventions and guidelines, more specifically to assist with their impaired motor control (both voluntary and involuntary). Throughout my clinical placements, I had one at a school for young adults with disabilities and used a lot of sensory / play based therapy to cater to their needs & development and saw quite the benefit with this approach. The following placement was HD specific where it became a real 'eye opener' to the complexities of the condition, and, as time went on, I thought there might be a place for sensory-based interventions as they experience impairments in sensory processing / integration, especially with proprioception and tactile feedback. I thought the use of weighted therapy may be useful to address these issues as it would provide that extra proprioceptive / tactile feedback. This is where my research began and I started to come across the use of BBTW in PD, MS, and ataxic populations and used these movement disorders to inform my argument for the need of this in HD. 
I am finishing the "Literature Review" aspect of my dissertation as we speak and the next step in my dissertation will be the research proposal where I will be evidencing my proposed study. Within this section, I will need to address questions like cost, ethical considerations, and timing, so I was wondering if you could assist me with some of the following questions: 
1. What is the average cost to purchase a weighted vest? - I know this would vary depending health care provider based on what I read on your website but even retail cost would be fine for the purpose of my study. 
2. How long (on average) would it take to determine the appropriate weight placement after the perturbations are used to display the directional balance loss? 
3. Do you have any suggestions on what I should include for possible ethical considerations that are specific to the use of BBTW vests? 
4. Do you know if there has been any indication or interest in relevant parties that would like to explore BBTW vests in the HD population? 
I hope this is something you can assist me with and it will not take up too much of your time, I really appreciate any help or direction you may be able to offer me! 
Kind regards, Alexander Bergen 

Cindy Gibson Horn <cindy@motiontherapeutics.com> To: Alex Bergen <alexbergen276@gmail.com> 
Hi Alex,
Thank you for your inquiry. Where are you going to school? 
Sun, Oct 23, 2022 at 11:36 PM 
John will be sending you information regarding the BalanceWear/Balance-Based TorsoWeighting intervention. 
There has been some case report/ series with the use of BBTW with HD. I will find them for you. 
https://mail.google.com/mail/u/0/?ik=493070a6c7&view=pt&search=all&permthid=thread-a%3Ar-8310665084856298365&simpl=msg-a%3Ar-83090126016396142... 1/3 
11/17/22, 2:07 PM Gmail - Vest Inquiry 
Take care, Cindy 
> On Oct 23, 2022, at 9:16 PM, Alex Bergen <alexbergen276@gmail.com> wrote: >
>
[Quoted text hidden] 
Alex Bergen <alexbergen276@gmail.com>
To: Cindy Gibson Horn <cindy@motiontherapeutics.com> 
Hi Cindy, 
Sun, Oct 23, 2022 at 11:46 PM 
Yes John sent me the price breakdown for each of the different vests so that is helpful! He also sent me a link to the case report, it is still not the full article but that should still be fine, at least I can still use it as a reference with the current works! 
So I am from Ontario, Canada but I am studying my masters out in Edinburgh Scotland at Queen Margaret University! 
Thank you for all the quick replies from yourself and John, I appreciate it! 
Alex
[Quoted text hidden] 
Cindy Gibson Horn <cindy@motiontherapeutics.com> To: Alex Bergen <alexbergen276@gmail.com> 
It was presented at a Huntington disease conference in California a few years back . 
[Quoted text hidden] 
Alex Bergen <alexbergen276@gmail.com>
To: Cindy Gibson Horn <cindy@motiontherapeutics.com> 
Mon, Oct 24, 2022 at 6:51 AM 
Mon, Oct 24, 2022 at 11:09 AM 
Ah okay, I'll be sure to send it over to some of my old colleagues so they can have a look! I've been speaking to the HD neurologist and HD specialist I used to work with during my clinical placement and told them of my idea, they seemed to take interest in it and had never put thought into that approach before so it will be good to send them something that has already been done it HD and reinforcing my thought process on it! 
By chance, would you know if those findings reached clinical significance? It doesn't explicitly say it in the poster so I thought I would ask and see if you knew! 
Thanks again, 
Alex
[Quoted text hidden] 
Alex Bergen <alexbergen276@gmail.com>
To: Cindy Gibson Horn <cindy@motiontherapeutics.com> 
Hi Cindy I hope all is well! 
Thu, Nov 17, 2022 at 12:23 PM 
I was speaking to my dissertation supervisor and she recommended that I request your permission to include our email chain showing that I have been in contact with you. She mentioned that not too many students go to the effort to get in contact with outside parties when gathering information for their dissertation and it would display initiative on my end. With your permission I would like to do so, I can black-out any information / contact details at your request. If you are not comfortable with this I completely understand but I wanted to ask permission as it is good practice to do so. 
Kind regards, 
Alexander Bergen 
11/17/22, 2:07 PM Gmail - Vest Inquiry 
Cindy Gibson Horn <cindy@motiontherapeutics.com> To: Alex Bergen <alexbergen276@gmail.com> 
Most Certainly Alex!
Have a wonderful Holiday Season! Cindy
[Quoted text hidden] 
Thu, Nov 17, 2022 at 12:35 PM 
11/17/22, 2:08 PM Gmail - BalanceWear Vest HD Poster RE: Vest Inquiry 
[image: page1image13132944]
BalanceWear Vest HD Poster RE: Vest Inquiry 
3 messages 
John - Admin Assistant at Motion Therapeutics <john.motiontherapeutics@gmail.com> To: alexbergen276@gmail.com
Cc: Cindy Horn <Cindy@motiontherapeutics.com> 
Hi Alex,
Please see the attached poster. 
Sun, Oct 23, 2022 at 10:08 PM 
Alex Bergen <alexbergen276@gmail.com> 
Patients need to visit and be evaluated (approximate 1hr) by a BalanceWear-trained clinician and another visit to trial the vest. 
Please see the image below for the retail price list. 
Kind Regards,
John - Motion Therapeutics Inc., Admin Assistant 
Toll Free: 888-330-2289 | Fax: 510-254-3371 
Balance Vest HD poster 12dec2019.pdf 
2105K 
Alex Bergen <alexbergen276@gmail.com>
To: John - Admin Assistant at Motion Therapeutics <john.motiontherapeutics@gmail.com> 
Sun, Oct 23, 2022 at 10:16 PM 
[image: page2image3050112]
Hey John, thank you so much for this! Do you by chance have access to the article or know where I can find it? Or is only the poster available? 
I didn’t find any HD related articles for torso weighting in my literature review search strategy. 
Regards, 
Alex
[Quoted text hidden] 
John - Admin Assistant at Motion Therapeutics <john.motiontherapeutics@gmail.com> To: Alex Bergen <alexbergen276@gmail.com> 
Hi Alex,
Here's the link to what I found. 
https://link.springer.com/article/10.1007/s13311-019-00788-3 
For other concerns, please reply to the first email and hit "Reply All" to include Cindy. 
Kind Regards,
John - Motion Therapeutics Inc., Admin Assistant 















































Appendix 10: Ethical Approval Form and Risk Assessment



For Office Use Only[image: ]

	Ref. Number
	

	Assigned Reviewers
	




	Outcome 
	[image: ] Granted
[image: ] Amendments
[image: ] Rejected






APPLICATION FOR ETHICAL APPROVAL
FOR A RESEARCH PROJECT 

This is an application form for ethical approval to undertake a piece of research.  Ethical approval must be gained for any piece of research to be undertaken by any student or member of staff of QMU.  Approval must also be gained by any external researcher who wishes to use Queen Margaret students or staff as participants in their research.

Please note, before any requests for volunteers can be distributed, through the moderator service, or externally, this form MUST be submitted (completed, with signatures) to the Secretary to the Research Ethics Panel (ResearchEthics@qmu.ac.uk).

You should read QMU’s chapter on “Research Ethics: Regulations, Procedures, and Guidelines” before completing the form.  This is available at: 
http://www.qmu.ac.uk/quality/rs/default.htm 

The person who completes this form (the applicant) will normally be the Principal Investigator (in the case of staff research) or the student (in the case of student research).  In other cases of collaborative research, e.g. an undergraduate group project, one member should be given responsibility for applying for ethical approval.  For class exercises involving research, the module coordinator should complete the application and secure approval.

The completed form should be typed rather than handwritten. Electronic signatures should be used and the form should be submitted electronically.

Checklist: Documents enclosed with application:
Please note that any application with missing relevant documentation will be returned to the applicant.

	Enclosed (please tick)
	Not applicable (please tick)
	Document name

	x
	[image: ]
	Research protocol or proposal

	x
	[image: ]
	Participant Information Sheet(s) (PIS)

	x
	[image: ]
	Participant consent form(s)

	[image: ]
	x
	Copies of recruitment advertisement material

	[image: ]
	x
	Sample questionnaires (please detail below)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	[image: ]
	x
	Interview schedules or topic guides

	[image: ] 
	x
	Letter(s) of support from any external organisations involved in the research

	[image: ]
	x
	If interacting with potentially vulnerable groups, please provide the following information for checks by authorised personnel:

PVG[footnoteRef:1] Membership No: [1:  Protecting Vulnerable Groups – This membership scheme was introduced by the Scottish Government to improve disclosure arrangements for people who work with vulnerable groups. When you provide us with the certificate identification number for your PVG status, only authorised countersignatories for this scheme within the university will have access to your PVG records. The Research Ethics Panel and assigned reviewers will not have access or knowledge of your PVG records. Please be aware that if you are barred from working with the research population in your research application, and the PVG countersignatories have been made aware of your application, processes for Fitness to Practice will be triggered within the university.] 

Disclosure Number (unique to each certificate):
Date of issue:

	x
	[image: ]
	Risk assessment documentation

	[image: ]
	x
	Any other documentation (please detail below)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Section A: Applicant details

A1. Researcher’s name: Alexander Bergen
a. Post: MSc Occupational Therapy student
b. Qualifications: Bsc in Kinesiology, University certification diploma Disability Studies
c. Contact email: 20007435@qmu.ac.uk

A2. Category of researcher (please tick and enter title of programme of study as appropriate):
	[image: ]
	QMU undergraduate student

	
	Title of programme:

	x
	QMU postgraduate student – taught degree

	
	Title of programme: MSc Occupationa Therapy (Pre-Reg)

	[image: ]
	QMU postgraduate student – research degree

	[image: ]
	QMU staff member – research degree

	[image: ]
	QMU staff member – other research

	[image: ]
	Other (please specify)

	
		Details:




A3. School: Queen Margaret University

A4. Division: Occupational Therapy and Arts Therapies

A5. Subject area: Occupational Therapy

A6. Name of Supervisor or Director of Studies (if applicable): Sylwia Górska

A7. Names and affiliations of all other researchers who will be working on the project:

	First name
	Last name
	Position
	Affiliation
	Role on project

	N/a
	N/a
	N/a
	N/a
	N/a

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Section B: Research details

B1. Title of study: To explore the use of increased proprioceptive and tactile feedback via weighted vests and examine its influence on spatiotemporal gait parameters and postural sway in HD.

B2. Expected start date: 01 June 2022

B3. Expected end date: 21 November 2022

B4. Protocol or proposal version: N/a 

B5. Protocol date: N/a

B6. Details of any grants/funding/financial support for the project from within/outside QMU:

No current funding, but it may be obtained by through avenues such as NHS Research Scotland, and Lothian Clinical Academic Research Gateway Awards.

B7. Do you plan at any stage of the project to undertake research involving adults lacking capacity to consent for themselves?
[image: ] Yes		 X   No

Answer Yes if you plan to recruit living participants aged 16 or over who lack capacity, or to retain them in the study following loss of capacity. If you answered yes, please refer to the online training module by University of Leicester and University of Bristol on ‘Adults lacking capacity to consent for research’ for further information: https://connect.le.ac.uk/alctoolkit/
Your research may require approval by an authorised Research Ethics Committee (e.g. NHS Research Ethics Committee).If in doubt, please contact QMU Research Ethics Panel for further advice (ResearchEthics@qmu.ac.uk).


B8. Do you plan to include any participants who are children?
[image: ] Yes		 X. No

Answer Yes if you plan to recruit participants aged under 16. Please also ensure that question F6 is answered.

B9. Do you plan at any stage of the project to work with human tissue samples (or other human biological samples) and data?
[image: ] Yes		 X.  No

If you answered Yes to question B9, please also ensure that Section G is completed. To  obtain a copy of Section G, please email ResearchEthics@qmu.ac.uk. 



Section C: Overview of the research

C1. Summary of the study. 
Please provide a brief summary of the research (maximum 300 words) using language easily understood by lay reviewers and members of the public. Please note that this summary may be published in the public domain.
The purpose of this study is to explore the increased proprioceptive and tactile feedback via weighted vests and its impact on spatiotemporal gait parameters and postural sway in Huntington’s Disease. To measure the outcomes, wearable inertial will be donned to provide quantitative data that can be analyzed and interpreted alongside the subjective information gathered in the UHDRS motor assessment. This will be a single-session study with a total duration of 30 minutes using pretest and post-test measurements. I am interested to find out if wearing a weighted vests that is 2% of their body weight can improve the factors associated with gait, balance, and posture and thus lead to an increase in functional movement. If an increase in functional movement were to be found while wearing the weighted vest, this may have positive impacts on occupational participation and performance. 

C2. Summary of main issues.
Please summarise the main ethical, legal, or management issues arising from your study and say how you have addressed them. Not all studies will raise significant issues. Some studies may have straightforward ethical or other issues that can be identified and managed routinely. Others may present significant issues requiring further consideration by other review bodies (as appropriate to the issue).Studies that present a minimal risk to participants may raise complex organisational or legal issues. You should try to consider all the types of issues that the different reviewers may need to consider.It is thought that there are not many disadvantages; however, it is possible that if a participant has a balance, gait, or postural impairment that they may be at risk of a near-fall or a fall. However, a researcher will always be following behind them help prevent this from happening. By walking behind the participants, it will not provide any visual cues for the participants to mirror their walk or use as guidance. The study areas will also be clear of any objects that may pose as a tripping hazard or any objects that may further injure a participant should a fall occur.

Another potential issue that will have to be taken into consideration is the possibility of injury to the participant or researcher due to the participants choreic movements.  This may result in the researcher following behind the participant getting hit or the participant inuring themselves upon contact.  

This study will not require much of their time as it is a one-time visit that lasts roughly 30 minutes.

There is also a risk of data and confidentiality. To maintain confidentiality all identifying information will be coded to each participant so they cannot be recognized. The data will also be stored and kept confidential, there are strict laws to safeguard privacy in place. 



C3. What is the principal research question/objective/aim? 
Please put this in language comprehensible to a lay person.
The purpose of this study is to explore the increased proprioceptive and tactile feedback via weighted vests and its impact on spatiotemporal gait parameters and postural sway in Huntington’s Disease.

C4. What are the secondary research questions/objectives/aims if applicable? 
Please put this in language comprehensible to a lay person.
The secondary outcome measure is to see if there is a decrease in chorea movement when the weighted vest is donned. 

C5. What is the academic/scientific justification for the research? 
Please put this in language comprehensible to a lay person.
Due to the triad of symptoms encountered in HD, those in mid-late stage are typically unable to access or benefit from standard methods of therapy. The motor challenges experienced from impaired volitional motor control, and the involuntary, uncontrolled movements make engaging in structured exercise training and programs rather difficult, especially with the added cognitive impairments. With the experienced HD symptoms of anxiety, sleep disturbance, agitation / aggression, and motor deficits all influencing one another, it makes designing and implementing interventions that much more complex. With anecdotal support and some empirical evidence demonstrating weighted sensory interventions ability to aide each of these symptoms, if proven beneficial for HD individuals, it may offer an intervention that can not only acknowledge the movement factors and decrease the risk of falls, but may also have a positive impact on three other highly prevalent HD symptoms that significantly impact the QoL. With the lack of awareness, insight, and poor processing skills being common cognitive symptoms of HD, the weighted vest intervention is all the more appropriate as it requires no active attention from the user besides donning and offing the vest. If the weighted vest proved to be beneficial in managing these HD symptoms, it could lead to a drastic change in their QoL, participation and performance in meaningful occupations, and increase the safety and quality of functional movement. As the HD progresses, the individual will eventually become completely dependent, so it is of the utmost importance to allow these people to remain as independent as long as it is safely possible and help maintain their identities, and occupations.




Section D: Design and Methodology

D1. Research procedures to be used: please tick all that apply.

	Tick if applicable
	

	[image: ]
	Questionnaires (please attach copies of all questionnaires to be used)


	[image: ]
	Interviews (please attach summary of topics or interview schedule to be explored)


	[image: ]
	Focus groups (please attach summary of topics or interview schedule  to be explored / copies of materials to be used)


	x
	Experimental / Laboratory techniques (please include full details under question D2)


	[image: ]
	Use of email / internet as a means of data collection (please include full details under question D2)


	[image: ]
	Use of materials that are subject to copyright (please include full details under question D2 and confirm that the materials have been / will be purchased for your use)


	[image: ]
	Use of biomedical procedures to obtain human tissues (or other biological materials) (please include full details under question D2 and Section G. Also include subject area risk assessment forms, where appropriate)

	[image: ]
	Other technique / procedure (please include full details under question D2)





D2. Please summarise your design and methodology. 
It should be clear exactly what will happen to the research participant for research involving human participants. Please complete this section in language comprehensible to the lay person. Do not simply reproduce or refer to the protocol.

The participants will attend the Anne Rowling Clinic at the Royal Infirmary of Edinburgh. This one-time appointment will take around 30 minutes to complete from start to finish and they will be working alongside myself and one other colleague of mine. Their bodyweight will be taken to determine how much weight needs to be placed into the vest (2%), and the vest will then be fitted to their body at an appropriate size and comfort level. Motion sensors will then be placed on their sternum, across their waist, on each wrist, and on each of their lower legs. 
The first task will include 4 different conditions that will alter their senses and will each be completed during seated and standing trials for both unweighted and weighted trials.
1.Feet placed on firm ground with eyes open
2.Feet placed on firm ground with eyes closed 
3.Feet placed on foam with eyes open
4.Feet placed on foam with eyes closed
The second task will involve them walking back and forth in a 40-foot hallway as many times as they can while walking at a safe and comfortable speed. For both unweighted and weighted trials
While they are performing both tasks, I will be following behind them to ensure their safety just in case they were to lose balance. 
With their consent, we will inform their GP that they are taking part in this study and their information will be stored within the ENROLL-HD platform that they are voluntarily participating in. 

D3. Does your research include the use of people as participants?
X.  Yes		 [image: ]No

Answer No if your project involves secondary analysis of collected data.
If you answered Yes to question D3, please ensure that Section F is completed.

D4. Does your research include the experimental use of live animals?
[image: ] Yes		 X. No

If you answered Yes to question D4, please note that the university is not insured to experiment on live animals. Please attach the insurance coverage certificate to this application for review. Please check and ensure that appropriate university insurance is in place to cover the work. If in doubt, please contact Karen Sinclair (Head of Finance, ksinclair@qmu.ac.uk ) on insurance coverage.

D5. Does your research involve experimenting on plant or animal matter, or inorganic matter?
[image: ] Yes		 X. No

If you answered Yes to question D5, please check and ensure that appropriate university insurance is in place to cover the work. If in doubt, please contact Karen Sinclair (Head of Finance, ksinclair@qmu.ac.uk ) on insurance coverage. Please attach the insurance coverage certificate to this application for review.

D6. Does your research include the analysis of documents, or of material in non-print media, other than those which are freely available for public access?
[image: ] Yes		 X.  No

If you answered ‘Yes’ to Question D6, give a description of the material you intend to use. Describe its ownership, your rights of access to it, the permissions required to access it and any ways in which personal identities might be revealed or personal information might be disclosed.  Describe any measures you will take to safeguard the anonymity of sources, where this is relevant:
This text box will expand as required.


D7. Will any restriction be placed on the publication of results?
[image: ] Yes		 X  No

If you answered ‘Yes’ to question D7, give details and provide a reasoned justification for the restrictions. (See Research Ethics Guidelines Section 2, paragraph 7)

This text box will expand as required.

D8. Who will have access to participants’ personal data during the study? 
Where access is by individuals outside the research team or direct care team (health research), please justify and say whether consent will be sought.
The two researchers involved in the study will have access to the personal data for each of the participants. However, participant names will not be used as per ENROLL-HD protocol. All identifying factors are not used. Following the results of the study, the information will be stored on their ENROLL-HD profile which each participant had previously voluntarily agreed to participate in. 


D9. How long will personal or personally identifiable data be stored or accessed after the study has ended?
Please note this question only relates to retention of personal or personally identifiable data.

[image: ] Less than 3 months
[image: ] 3 – 6 months
[image: ] 6 - 12 months
[image: ] 12 months – 3 years
X   Over 3 years

It is recommended that data containing personal details that would lead to the identification of participants should be destroyed as soon as possible. Examples of personally identifiable data include participants’ email addresses, NHS/CHI numbers, expressions of interest  etc., BUT NOT consent forms. Personally identifiable data should be stored separate from the anonymised data to prevent linkage. If potential participants have provided you with their contact details, this information should only be retained until they have consented or refused to participate in the research. However, if a participant noted that they would like to receive a summary of the research, it would be appropriate to retain their contact details until this summary has been sent out.
See the following for advice on data handling: http://www.lancaster.ac.uk/shm/study/doctoral_study/dclinpsy/onlinehandbook/ethics_and_data_storage_advice/ 

D10. For how long will you store research data generated by the study? State if the data will be stored for an infinite time period.Years: N/a 
Months: N/a
More information: The information will be stored on the ENROLL-HD platform until the individual decides to withdrawal their voluntary participation. The information with them be disposed following the ENROLL-HD protocols. 



D11. Please give details of the short term (duration of project) and long term (after project completion) arrangements for storage of research data after the study has ended. (See Research Ethics Guidelines has Section 1, paragraph 2.4.1) 

Short term storage of research data on any of the following:
X.  Manual files (includes paper or film)
[image: ] Home or other personal computers
X. University computers/server
X.  Laptop computers
X.  Hard drive storage
[image: ] USB storage devices
[image: ] Other portable storage (e.g. CDs, DVDs etc.)
[image: ] Cloud/online storage (please provide name and server location of cloud storage below)
[image: ] Others (please state): 

Say where data will be stored, who will have access and the arrangements to ensure security (for example, encryption used). Explain how and when data will be destroyed (if applicable).
Data will be stored short-term on manual files and Microsoft Word which will be encrypted with a password to access the files. Any paper documents will be shredded after it is transferred onto an electronic database; prior to this they will be kept in a locked cabinet and only the researcher will have the key to access it. 


Long term storage of research data on any of the following:
X.  Manual files (includes paper or film)
[image: ] Home or other personal computers
X.  University computers/server
[image: ] Laptop computers
X. Hard drive storage
[image: ] USB storage devices
[image: ] Other portable storage (e.g. CDs, DVDs etc.)
[image: ] Cloud/online storage (please  provide name and server location of cloud storage below)
[image: ] eData – QMU open access data repository
X.  Others (please state): 

Say where data will be stored, who will have access and the arrangements to ensure security (for example, encryption used). Explain how and when data will be destroyed (if applicable).
Long-term storage will follow the ENROLL-HD platform protocols that each of the participants diagnosed with HD voluntarily participate in. 

D12. Will the data be stored: 
X.  In fully anonymised form? (link to participant broken)

[image: ] In linked anonymised form? (linked to data but participant not identifiable to researchers)
If Yes, say who will have access to the code and personal information about the participant:This text box will expand as required.


[image: ] In a form in which the participant could be identifiable to researchers?
If Yes, please justify.This text box will expand as required.



D13. Who will have control of and act as the custodian for the data generated by the study?The researcher will control the data as well as the guidelines and protocols put into place by the ENROLL-HD platform.


D14. Will the research participants receive any payments, reimbursements of expenses or any other benefits or incentives for taking part in this research?
[image: ] Yes		 X.  No

If Yes, please give details.
This text box will expand as required.


D15. Will individual researchers receive any personal payment over and above normal salary, or any other benefits or incentives, for taking part in this research?
This question is concerned with "in pocket" financial payments or additional benefits to be provided direct to researchers personally, over and above the costs of conducting the research.
[image: ] Yes		 X.  No

If Yes, please give details.
This text box will expand as required.






Section E: Risks and benefits

E1. Give details of all procedure(s) or intervention(s) that will be received by participants as part of the research protocol?
These include seeking consent, interviews, observations and use of questionnaires.

Please complete the columns for each procedure/intervention as follows:
1. Total number of procedures/interventions to be received by each participant as part of protocol.
2. Average time taken per procedure/intervention (minutes, hours or days)
3. Details of who will conduct the procedure/intervention, and where will it take place.

	Step
	Task
	Duration
	Conductor

	1
	Opal wearable sensor setup & weighted vest setup
	~ 10 minutes
	Researcher 1. 
Assessment room at Anne Rowling Clinic

	2
	Unweighted mCTSIB seated 
	2 minutes
	Researcher 1. 
Assessment room at Anne Rowling Clinic

	3
	Unweighted mCTSIB standing
	2 minutes
	Researcher 1.
Assessment room at Anne Rowling Clinic

	4
	REST
	1 minute
	Assessment room at Anne Rowling Clinic

	5
	Unweighted 2MWT
	2 minutes
	Researcher 1 & 2.
Corridor at Anne Rowling Clinic.

	6
	REST
	5 minutes
	Assessment room at Anne Rowling Clinic

	7
	Weighted mCTSIB seated
	2 minutes
	Researcher 1.
Assessment room at Anne Rowling Clinic

	8
	Weighted mCTSIB standing
	2 minutes
	Researcher 1. 
Assessment room at Anne Rowling Clinic

	9
	REST
	1 minute
	Assessment room at Anne Rowling Clinic

	10
	Weighted 2MWT
	2 minutes
	Researcher 1 & 2. 
Corridor at Anne Rowling Clinic

	Total Time: 29 minutes



E2. How long do you expect each participant to be in the study in total?
Duration of participation should be calculated from when participants give informed consent until their last contact with the research team.30 minutes


E3. What are the potential risks and burdens for research participants and how will you minimise them?
For all studies, describe any potential adverse effects, pain, discomfort, distress, intrusion, inconvenience or changes to lifestyle. Only describe risks or burdens that could occur as a result of participation in the research. Say what steps would be taken to minimise risks and burdens as far as possible. 
Where the research only involves the use of data, consideration should still be given to the risks for participants associated with any breach of confidence or failure to maintain data security.
The participants are informed of their right to withdraw from the study at any point with no explanation. 
The participant data will be anonymized to keep information confidential and non-identifiable. 
Wearing the weighted vest may cause discomfort, the vest will be adjusted to fit the participants as comfortably as possible. 
it is possible that if a participant has a balance, gait, or postural impairment they may be at risk of a near-fall or a fall. However, a researcher will be always following behind them to help prevent this from happening.
Another potential issue that will have to be taken into consideration is the possibility of injury to the participant or researcher due to the participants choreic movements.  This may result in the researcher following behind the participant getting hit or the participant inuring themselves upon contact.  
 This study will not require much of your time as it is a one-time visit that lasts roughly 30 minutes.


E4. Will interviews/ questionnaires or group discussions include topics that might be sensitive, embarrassing or upsetting, or is it possible that criminal or other disclosures requiring action could occur during the study?
[image: ] Yes		X. No		[image: ] Not applicable

If Yes, please give details of procedures in place to deal with these issues:
This text box will expand as required.




E5. What is the potential for benefit to research participants?
You should state here any potential benefits to be gained by the research participant through taking part in the research either now or in future.  However, do not over-emphasise the benefits.  In some cases there may be no apparent benefit.
They may/may not get a direct benefit from taking part in this study. However, they will be contributing to the on-going effort of designing Huntington’s Disease interventions that may be utilized to help manage symptoms. By participating in this study, they will be providing key information that will be analyzed and interpreted to see if positive results were found while using the weighted vest.


E6. Will the researcher be at risk of sustaining either physical or psychological harm as a result of the research? Please delete as appropriate.
X. Yes		 [image: ]No
		
If you answered ‘Yes’ to the question E6, please give details of potential risks and the precautions which will be taken to protect the researcher.
Wearing the weighted vest may cause discomfort, the vest will be adjusted to fit the participants as comfortably as possible. 
it is possible that if a participant has a balance, gait, or postural impairment they may be at risk of a near-fall or a fall. However, a researcher will be always following behind them to help prevent this from happening.
Another potential issue that will have to be taken into consideration is the possibility of injury to the participant or researcher due to the participants choreic movements.  This may result in the researcher following behind the participant getting hit or the participant inuring themselves upon contact. 
All tripping hazards or objects that may be hit upon contact in the result of a fall will be removed. 

Section F: Research Involving Human Participants 
You should only complete this section if you have indicated above that your research will involve human participants.

F1. Please indicate the total number of participants you intend to recruit for this study from each participant group:

	Participant Group
	Please state total number

	QMU students
	

	QMU staff
	

	Members of the public from outside QMU
	60

	NHS patients
	

	NHS employees
	

	Children (under 16 years of age)
	

	People in custody
	

	People with communication or learning difficulties
	

	People with mental health issues
	

	People engaged in illegal activities (eg. illegal drug use)
	

	Other (please specify):


	


* Please declare in Question F8 where the participant group may necessitate the need for standard or enhanced disclosure check

F2. How was this participant number decided upon? If a formal sample size calculation was used, indicate how this was done, giving sufficient information to justify and reproduce the calculation. If another method of determining participant numbers was used, please provide sufficient details for the method and justify the decision.
While the researcher would like to involve a total of 60 participants, this number will be dependent on the amount of individuals within the ENROLL-HD platform that are interested to participate in this research study. In quasi-experimental studies, a minimum of 10 participants is ideal and by involving 60 participants in this study, it can be one of the largest studies involving weighted vest interventions that was found during the literature review. 

F3. Please state the inclusion and exclusion criteria to be used. (See Research Ethics Guidelines Section 1, paragraph 2.4)

	Participants
	Inclusion
	Exclusion

	HD subjects
	Aged 18 years +

English speaking

Confirmed diagnosis of HD

Ability to walk 40 feet without an assistive device

Ability to follow study-related commands ( ~ 4-step commands)

ENROLL-HD participants
	Diagnosed with juvenile HD

Diagnosis of other neurological conditions (outside of those associated with HD) that may impact walking 

Severe visual impairments

Musculoskeletal injuries that may hinder performance 

	Healthy subjects
	Age-matched to HD subjects

Aged 18 years +

English speaking

Ability to walk 40 feet without an assistive device
	Diagnosis of neurological, orthopedic, and medical conditions that may impact balance and mobility



F4. Will you obtain informed consent from or on behalf of research participants?
X. Yes		 [image: ]No

F5. Please give details of who will take consent and how it will be done, with details of any steps to provide information (a written information sheet, videos, or interactive material). If you plan to include any participants who are children, please describe the arrangements for seeking informed consent from a person with responsibility and/or from children able to give consent for themselves.

The participants will provide two forms of consent. The first consent will be obtained within the ENROLL-HD Platform where participants voluntarily participate in the study, the second form of consent will be in a written form that Researcher 1 (myself) will provide upon their arrival to the Anne Rowling Clinic. 

If you are not obtaining consent, please explain why not.
N/a


F6. (Children) If you intend to provide children under 16 with information about the research and seek their consent or agreement/assent, please outline how this process will vary according to their age and level of understanding. Copies of written information sheet(s) for parents and children, consent/assent form(s) and any other explanatory material should be enclosed with the application.
For further information on providing information and obtaining consent/assent from children, please refer to this online information for best practice:
http://www.hra-decisiontools.org.uk/consent/principles-children.html
N/a


F7. Will the research involve participant deception?
[image: ] Yes		 X. No

If you answered Yes to Question F7, please justify the use of deception. Also describe what procedures will be implemented to safeguard the dignity, safety and welfare of the participants during the research and after it has ended.N/a



F8. Ethical principles incorporated into the study (please tick as applicable):

	Ethical principles

	Will participants be offered a written explanation of the research?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be offered an oral explanation of the research?
X. Yes		[image: ] No		[image: ] Not applicable



	Will participants sign a consent form?
X. Yes		[image: ] No		[image: ] Not applicable



	Will oral consent be obtained from participants?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be offered the opportunity to decline to take part?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be informed that participation is voluntary?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be offered the opportunity to withdraw at any stage without giving a reason?
X. Yes		[image: ] No		[image: ] Not applicable


	Will independent expert advice be available if required?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be informed that there may be no benefit to them in taking part?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be guaranteed confidentiality?
X. Yes		[image: ] No		[image: ] Not applicable


	Will participants be guaranteed anonymity?
X. Yes		[image: ] No		[image: ] Not applicable


	Will the participant group necessitate a standard or enhanced disclosure check of the researcher?
X. Yes		[image: ] No		[image: ] Not applicable


	Will the provisions of the Data Protection Act be met?
X. Yes		[image: ] No		[image: ] Not applicable


	Has safe data storage been secured?
X. Yes		[image: ] No		[image: ] Not applicable


	Will the researcher(s) be free to publish the findings of the research?
X Yes		[image: ] No		[image: ] Not applicable


	If the research involves deception, will procedures be in place during and after the research to safeguard the dignity, safety and welfare of the participants?
[image: ] Yes		[image: ] No		X. Not applicable


	If the research involves questionnaires, will the participants be informed that they may omit items they do not wish to answer?
[image: ] Yes		[image: ] No		X. Not applicable


	If the research involves interviews, will the participants be informed that they do not have to answer questions, and do not have to give an explanation for this?
[image: ] Yes		[image: ] No		X. Not applicable


	Will participants be offered any payment or reward, beyond reimbursement of out-of-pocket expenses?
[image: ] Yes		X. No		[image: ] Not applicable





Section G is a reserved section of the form for applications involving Human Tissues. Please email ResearchEthics@qmu.ac.uk if you require a copy of Section G.	
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Section H: Risk Assessment
[image: qmulogo_line]
	Reference:
	




[image: ]
	School / Division:
	Occupational Therapy and Arts Therapies
	Location:
	Queen Margaret University
	Date
	17/11/2022

	Assessed by:
	
	Job Title:
	MSc Occupational Therapy
Pre-Reg
	Signature
	[image: ]

	Activity / Task:
	Weighted Vest Intervention For Huntington’s Disease and Healthy Participants
	Total Number exposed to risk
	62
	Review Date
	




	
Ref no.
	Hazards
	People at risk
	Likelihood
	Severity
	

	
	

	
	
	Employees and students
	Members of public/visitors
	Contractors
	Young people
	Mothers: new or expectant
	Improbable
	Remote
	Possible
	Probable
	No injury
	Minor
	Major
	Fatal
	Total risk
	Existing control measures
	Adequate controls?

	1.
	Discomfort while wearing the weighted vest 
	
	1
	
	
	
	
	1
	
	
	1
	
	
	
	3
	The vest will be fitted appropriate to size and comfort level. Participant can withdrawal at any time is discomfort is intolerable. 
	Yes

	2.
	Weakened Skin Integrity and/or body sores
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	If any participants have weakened skin integrity and/or body sores in the weighted vest areas, they will not be included in the study due to safety reasons. 
	Yes

	3.
	Injury to participant or researcher due to a fall
	
	5
	
	
	
	
	
	5
	
	
	5
	
	
	15
	A researcher will follow behind the participants during all trials just incase the participant loses balance and cannot recover on their own. All tripping hazards will be removed. Any objects the participants or researcher may come into contact upon a fall will be removed. The testing areas will be controlled to limit potential distractions. 
	Yes

	4.
	Injury to participant or researcher due to a hit from choreic movement 
	
	5
	
	
	
	
	
	5
	
	
	5
	
	
	15
	Researcher will have to maintain a safe distance from the uncontrolled movements but close enough to the participant to intervene should they lose balance.
	Yes

	5.
	Increased involuntary uncontrolled movements for patients with HD due to wearing the weighted vest 

	
	4
	
	
	
	2
	
	
	
	2
	
	
	
	8
	This has not been documented in any of the reviewed papers obtained in the literature review. However, if this were to occur, the patient’s appointment may be extended for observations until it is safe to leave and/or admitted to the hospital. 
	Yes

	Risk value (RV)
	1
	2
	3
	4
	1
	2
	3
	4
	
	


Total risk = Likelihood (RV) x Severity (RV)	Total risk of 1 – 4 = ‘L’, low risk	Total risk of 6 – 9 = ‘M’, medium risk		Total risk of 12 – 16 = ‘H’, high risk

[image: qmulogo_line]

	Reference:
	






Remedial action required
	Ref no.
	Action required
	Target date
	Action by:
	Date completed

	1.
	



	

	

	


	2.
	



	

	

	


	3.
	



	

	

	


	4.
	



	

	

	


	5.
	



	

	

	





Section I: Declarations by applicant

I1. Having completed all the relevant items of this form and, if appropriate, having attached the Information Sheet and Consent Form plus any other relevant documentation as indicated below, complete the statement below.

· I have read Queen Margaret University’s document on “Research Ethics: Regulations, Procedures, and Guidelines”.
· The information in this form is accurate to the best of my knowledge and belief and I take full responsibility for it.

· In my view this research is:

	Please tick
	See Research Ethics Guidelines Section 6

	[image: ]
	Non-invasive

	[image: ]
	Minor invasive using an established procedure at QMU

	X
	Minor invasive using a NEW procedure at QMU

	[image: ]
	Major invasive



· I understand that research records/data may be subject to inspection by review bodies for audit purposes if required.

I2. Access to application for training purposes (please tick as appropriate):
XI would be content for members of Research Ethics Committees to have access to the information in the application in confidence for training purposes. All personal identifiers and references to sponsors, funders and research units would be removed.

Name (if you have an electronic signature please include it here) 

[image: ][image: ]________________________________________   Date 17/11/2022




I3. If you are a student, show the completed form to your supervisor/Director of Studies and ask them to sign the statement below. If you are a member of staff, sign the statement below yourself.

· I am the supervisor/Director of Studies for this research. 

· In my view this research is:

	Please tick
	See Research Ethics Guidelines Section 6

	[image: ]
	Non-invasive

	[image: ]
	Minor invasive using an established procedure at QMU

	[image: ]
	Minor invasive using a NEW procedure at QMU

	[image: ]
	Major invasive



·  I have read this application and I approve it.

Name (if you have an electronic signature please include it here) 

 N/a  

Date N/a

I4. For all applicants, send the completed form to your Divisional Research Ethics Committee (DivREC) or, if you are an external researcher, submit the completed form to the Secretary to the QMU Research Ethics Panel (ResearchEthics@qmu.ac.uk).  You should not proceed with any aspect of your research which involves the use of participants, or the use of data which is not in the public domain, until you have been granted Ethical Approval.  

For completion by the Divisional Research Ethics Committee (DivREC):

Either

[image: ] We refer this application back to the applicant for the following reason(s):


Name (if you have an electronic signature please include it here) 


______________________________________ (DivREC Member)

Date ______________


Please return the form to the applicant.

Or

Please tick one of the alternatives below:

    [image: ] We refer this application to the QMU Research Ethics Panel.

    [image: ] We find this application acceptable and an application for Ethical Approval should now
         be submitted to a relevant external committee.

    [image: ] We grant Ethical Approval for this research.


Name (if you have an electronic signature please include it here) 


_______________________________________ (DivREC member)

Date ______________

Please email one copy of this form to the applicant and one copy to the Secretary to the Research Ethics Panel (ResearchEthics@qmu.ac.uk).

Date application returned: ___________________


































Appendix 11: BBTW Vest in HD Poster Presentation
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Appendix 12: Email exchange with HD Specialist
[image: ]




Appendix 13: Agreement for Authorship

[image: qmulogo]
[bookmark: _Toc334772653]


Agreement for Authorship

We the undersigned agree to the terms, as detailed above, related to authorship Agreement for Authorship

This form should be signed by the student and supervisor and submitted with the project proposal.  The student is advised to photocopy and retain a copy of this agreement. 

The postgraduate student may have opportunity to submit a manuscript for publication, which will contribute to the occupational therapy body of knowledge.  The agreement between students and supervisors regarding authorship on any publication or oral presentation resulting from the Research project carried out in partial fulfilment of the M.Sc. Occupational Therapy (Pre-registration) will normally be based on the following definition:

Authorship: All persons designated as authors should qualify for authorship.  The order of authorship should be a joint decision of the co-authors.  Each author should have participated sufficiently in the work to take responsibility for the content.

Authorship credit should be based only on substantial contributions to (a) conception and design, or analysis and interpretation of data; and to (b) drafting the article or revising it critically for important intellectual content; and on (c) final approval of the version to be published.  Conditions (a), (b) and (c) must all be met.  Participation solely in the acquisition of funding or the collection of data does not justify authorship.  General supervision of the research group is also not sufficient for authorship.  Any part of an article critical to its main conclusions must be the responsibility of at least one author.
	
International Committee of Medical Journal Editors, 1991, New England Journal of Medicine, 324: 424-428.

Note: to qualify for authorship all authors must approve the final version of the publication.  There is a need therefore for all authors to remain in contact until the final version has been accepted for publication.
Acknowledgement: There is also an ethical obligation to recognise and identify the work of others where it has contributed to the work being reported in a publication.  At an appropriate place in the publication, one or more statements should specify (a) contributions that need acknowledging but do not justify authorship; (b) acknowledgement of technical help; (c) acknowledgement of financial or material support, specifying the nature of the support; (d) financial [or other] relationships that may pose a conflict of interest.

We the undersigned agree to the terms, as detailed above, related to authorship and acknowledgement.

[image: ][image: ]Student: 						Supervisor: 

Date:	 17/11/2022				Date:

This agreement does not supersede the Queen Margaret University, Edinburgh policies and procedures related to Intellectual Property as detailed in the Academic Handbook.



































Appendix 14: Approved Research Proposal

DISSERTATION RESEARCH PROPOSAL FORM

	Student Full Name: Alexander Carmelo Bergen

Matriculation No: 20007435


	MSc Programme: MSc Occupational Therapy (Pre-reg)


	Proposed title of extended research proposal

What Role Do Sensory Modalities Have When Developing Occupational Therapy Interventions for Huntington’s Disease ?


	Overview of topic 

I would like to address the gap and lack of literature with regards to Huntington’s Disease (HD) as a whole and more specifically the role that sensory modalities may have when developing occupational therapy interventions. Most literature within this field is geared towards the biological aspects / genetic make-up of the disease and when searching for interventions, most research has been aimed towards pharmaceutical interventions. Due to this, there is a clear gap for both non-pharmaceutical interventions and the input of occupational therapy. 

Quantitative research would involve measuring outcomes from the sensory based interventions and whether or not there is a place for it in Early stage Huntington’s. 

	Rationale for proposal

To describe HD briefly, it is a neurodegenerative condition that is known for its Triad symptoms: Physical, Cognitive, and Psychiatric’ these are often referred to as the ”Three M’s” – Mood, Movement, Mind. The complexity, severity, and individuality of the condition makes it extremely difficult for health care professionals to intervene and assist the individual where necessary. Common symptoms of HD that will be explored due to its relevance with this dissertation will include: 
-Lack of awareness (spatial, limb, environmental)
-Delayed processing skills

When examining some of the implications that the above symptoms have on a individual (e.g slowly releasing foot off a gas pedal, dropping a pen / mug but feeling like its still there – or dropping them because you can’t feel yourself holding it), it leaves room for reason that integrating sensory information may help to address these issues. By providing increased proprioceptive and sensory feedback, more signals and stimulation will be sent to the brain and may help to address the delayed processing skills and lack of awareness that is associated with HD.  

There is a great deal of literature for sensory integration itself, it is commonly associated with individuals that are diagnosed with Autism (ASD) and there is evidence for its use and benefits within this population. Although the sensory needs for those with ASD and HD differ, there is still reason to explore its relationship with HD and how it can be used within OT inventions and help to maintain participation and performance in occupations until the progression of the condition stops this. 

When completing a literature search using both academic and non-academic sources, there was evidence towards the benefits of sensory integration with HD however, it was used in a different context that I will be exploring. One article discussed the findings with the use of a weighted blanket to help reduce aggression / agitation (another common symptom in HD), and the other non-academic source explored the use of weighted jackets to help reduce the chorea movements associated with HD. 

	Aims of proposal

I am interested in what approaches can be explored within OT interventions so that individuals diagnosed with HD can engage and participate in their meaningful activities and maintain their independence as long as possible if desired. The proposal aim is therefore to address if sensory integration and interventions can provide the necessary stimulation / feedback to help keep early-stage HD individuals engaged with activities longer.


	Proposed research design and methods

The proposed research project will have a Quantitative methodology, more specifically that of True Experimentation to explore and compare the use of sensory integration with OT interventions in HD. When a specific tool / activity is decided, this method will be used to measure and compare the impact of sensory integration. HD participants and controls will be measured at baseline for the specific activity (pre adaptation / added sensory input) and these results will then be compared to the results post adaptation / added sensory input. Based on the findings, the outcome measure will determine whether or not the added sensory input / stimulation had the desired effect to increase either time or quality of participation & engagement with the activity. 


	Key references

Blanchet, M. et al. (2014) ‘Postural stability limits in manifest and premanifest Huntington’s disease under different sensory conditions’, Neuroscience, 279, pp. 102–112. doi: 10.1016/j.neuroscience.2014.07.077.

Boecker, H. et al. (1999) ‘Sensory processing in Parkinson’s and Huntington’s disease: investigations with 3D H(2)(15)O-PET’, Brain : a journal of neurology, 122 ( Pt 9), pp. 1651–1665. doi: 10.1093/brain/122.9.1651.

Ferreira, J. J. et al. (2021) ‘A MDS Evidence-Based Review on Treatments for Huntington’s Disease’, MOVEMENT DISORDERS. doi: 10.1002/mds.28855.
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Appendix 15: Supervision Records with Sylwia

SUPERVISION MEETING RECORD 1

MSc Occupational Therapy Supervision and Mentoring Meeting Record

	Student:
	Alexander Bergen
	Supervisor: 
	Sylwia Gorska

	Date:
	June 1st 2022
	Time commenced:
	1:30
	Time concluded:
	2:20

	Meeting time this session:
	50 min
	Meeting time to date:
	50 min



	Summary of supervision and mentoring discussion

	The completed dissertation proposal was discussed and Slywia was happy to sign off on this so that Alex can move forward with the dissertation proposal.

It was discussed that Alex will need to support that there is an overall lack of HD research as well as a lack of research in his focused area of SI. This will have to be identified through a defined search strategy and seeing the results. 

Alex will also have to decide which outcome measure he will use in throughout his dissertation. He mentioned the use of adaptive writing strategies that use SI. Alex was encouraged to research how SI may or may not encourage occupational participation (with and without OT specific input). – How will he be measuring this within an empirical study? How will he be measuring the change within occupational performance? ( ? change in time, ? change quality of performance [objective or subjective]). 

Alex was reminded that if he uses other conditions (such as ASD or other degenerative conditions), he will have to provide his rationale of how it relates to HD. 

Sylwia helped to breakdown the research process for Alex. Explaining that the Lit review is a method to explore evidence ( what is known/ not known). Within the Aims & Objectives the Lit review is completed, as well as exploring the effectiveness of additional SI input.  What is he trying to establish / findout, the overall aim of the dissertation. 



	Agreed action plan

	Action
	Est’d completion
	By whom

	Alex to read through dissertation student handbook

Sylwia to confirm with Gail for September 7th Dissertation submission

Alex to reach out to HD specialists for any necessary guidance 

Alex to brainstorm appropriate terminology for his preliminary research












	
	Alex

Sylwia



Alex

Alex



SUPERVISION MEETING RECORD 2

MSc Occupational Therapy Supervision and Mentoring Meeting Record

	Student:
	Alexander Bergen
	Supervisor:
	Sylwia Gorska

	Date:
	September 9th 2022
	Time commenced:
	9:00am
	Time concluded:
	10:00am

	Meeting time this session:
	60 min
	Meeting time to date:   
	110min



	Summary of supervision and mentoring discussion

	-Discussed ongoing personal matters and how things have unfolded over the last few weeks. Sylwia suggested to see how the next couple of weeks go and if need be, Alex will have Sylwia’s support to get an extension on the dissertation. 

-Follow-up discussion to be had with Alex’s PAT leader (Alex and Sylwia agreed to this)

-Alex to complete an additional set of searches using other related Neurodegenerative conditions and complete a critical analysis on this search as part of the Literature Review.

-Alex voiced wanting to include multiple aspects that are seen within Huntington’s disease as well as the evidence of using weighted items to assist with them (anxiety, sleep disturbance, aggression/agitation). Sylwia advised to choose only one to focus on but still worth mentioning the others. 

-Alex only to include a brief paragraph regarding the specific Brain functions and roles associated with Huntington’s disease and Sensory integration. 

-Alex will have to provide his clinical reasoning and evidence as to why he is pulling from other related neurological conditions, and will have to be careful and specific to the reasoning if including Autism spectrum disorder.



	Agreed action plan

	Action
	Est’d completion
	By whom

	-Sylwia to message Alex’s PAT leader and make them aware of his circumstances


-Alex to complete a rough outline of his dissertation










	Monday September 12th


Thursday September 15th 
	Sylwia



Alex



SUPERVISION MEETING RECORD 3

MSc Occupational Therapy Supervision and Mentoring Meeting Record

	Student:
	Alexander Bergen
	Supervisor:
	Sylwia Gorska

	Date:
	September 20th 2022
	Time commenced:
	12:05
	Time concluded:
	12:50

	Meeting time this session:
	45  min
	Meeting time to date:   
	155 min



	Summary of supervision and mentoring discussion

	-Discussed getting an extension given his personal circumstances

-Discussed Search strategy and Table of contents, Alex made a few rearrangements and explained his reasoning for particular filters in his search strategy

-Finalized Alex’s research question and narrowed down exactly what he will be looking for and discussing in the dissertation

-Briefly discussed Alex’s proposed methods / methodology. 

-Alex discussed he had a lot of clarity since the last meeting and is now more comfortable with how he will engage with the literature and writing moving forward. 

-Alex finalized the articles he will be using in his Literature review. 




	Agreed action plan

	Action
	Est’d completion
	By whom

	-Alex to Follow-up with Sylwia after his medical appointment later on in the week

-Alex to send supervision notes






	Friday September 23rd

Friday September 23rd
	Alex


Alex
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www.BalanceWear.com

BalanceWear Pricelist

Product Range Retail
0OW200/250 Custom Lumbo-Sacral Orthotic $950.00*
BW300 BalanceWear Vest Double Layer ~ $795.00*
BW350 BalanceWear Vest Single Layer $515.00*
BW450 BalanceWear Breeze $490.00*
0ow226 BalanceWear Lumbar Support 6" $240.00
0ow228 BalanceWear Lumbar Support 8" $250.00

*Weights up to 2# included in price any domination
Note: 3% of the total amount will be added to the invoice for online payments.

Extra Weight costs with Garment

1/2# $10.00 each

1/4% $ 7.00 each

1/8# $ 6.00 each

1/16#  $6.00 each

Current Shipping and Handling Charges are between $10-24.00.

Restocking Fees: BalanceWear Breeze $50.00;

All other garments are made to measure for the patient and are not retumable.

Warranty  Six months.

Motion Therapeutics, Inc. products and senvices are protected, in whole or in part, by US. and/or foreign patents. The following is a partial st of

patents that Motion Therapeutics, Inc. either owns or licenses for its products: U.S. Patent No. 7,156,792; US. Patent No. 7,708,673 B2; US.
Patent No. 10,583,028 BP. In addition, other U.S. and foreign patents are nenmn: for the Company's products, technologies and services.

#Motion
Therapeutics
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The Effects of Balanced-Based Torso Weighting (BBTW) on Mobility in People
with Huntington’s Disease: A Case Series Experience.

12Christina Burke, 'Stacy Trebing, *Nick Froiseth, Mark Gudesblatt'
1. South Shore Neurologic Associates P.C, Patchogue NY 2. Stony Brook University, NY 3. Motion Therapeutics

¢

Stony Brook
Medicine

BALANCE AND

Objectives
I To evaluate the potential effect of BBTW
in people with HD (PwHD).

[Image 1: BalanceWear vest, obtained with
[permissions from Motion Therapeutics

Background

Huntington's Disease (HD), a
[progressive neuro-degenerative
disorder, impacts cognition, behavior,
and gait resulting in mobility limitations
and increased fall-risk. Balanced-Based
Torso Weighting (BBTW), an orthotic
device, improves postural control by
strategically placed weights on the
individual's torso. BBTW use has
improved gait and balance in select
[people with multiple sclerosis and
cerebellar ataxia with mobility limitations.

5XSTS improved from 18 sec pre-test to
15 sec post-test. GV increased from 60
cm/sec pre-test to 69cm/sec post-test,
with left and right SL increasing 34cm
pre-test to 44cm post-test and 45cm pre-.
ltest to 53cm post-test, respectively. FGA
scores improved from 11/30 pre-test to
20/30 post-test.

Sensory Analysis

25,

FaL

Figure 2: COG, Sensory analysis and SOT
Equilibrium Pre-Test Scores for Subject 2

ISOT demonstrated an improvement
ifrom 52 pre-test to 62 post-test. GV with
cognitive dual task (serial 3's) increased
from 101cm/sec pre-test to 113 cm/sec
post-test. FGA improved from 20/30
pre-test to 25/30 post-test.

= Subject 1

Outcome Measures

- coG A|1¢..m Sensory Analysis
™
™
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o
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£ wsunt2 sou v vest et
5
&

FALL

s
o

3 Composite
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Figure 1: % Improvements for Subject 1

jland 2.

Figure 3: COG, Sensory analysis and SOT

Equilibrium Post-Test Scores for Subject 2

Both PwHD were assessed with
BalanceWear vest utilizing
standardized BBTW assessment
protocol. Balance and gait outcome
measures were performed both pre
and immediately post vest application.
(Outcome measures included: Sensory
(Organization Test (SOT, (Smart
Balance Master)), Gait Velocity and
Step Length (GV, SL, ZenoMat),
Functional Gait Assessment (FGA), 5x
Sit To Stand Test (5XSTS).

Case Description

[Two PWHD who experienced chorea,
mobility deficits and reported a fall
history were evaluated. Subject 1: 62
ly/o PWHD self-reported fall history as
several times/month. Subject 2: 25 y/o
PwHD self-reported fall history 2-
3x/day.

BBTW application demonstrated
immediate impact in improving balance|
land ambulation in two PWHD as
[documented by multiple standardized
outcome measures of balance and
gait. BBTW may have potential for
improving PWHD postural control and
fall-risk. Further research is needed to
confirm these preliminary findings,
identify optimal candidates, and
determine the long term impact of
BBTW in reducing fall risk in PwHD.

Disclosures: NF is an associate of Motion Therapeutics.
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Views on MSc in OT dissertation

Wilson, Julie <Julie. Wilson14@nhslothian.scot.nhs.uk>
Wed 11/23/2022 9:47 AM

To: BERGEN, ALEXANDER <20007435@gmu.ac.uk>

[EXTERNAL]
To whom it may concern,

Prior to being in this post | worked as a local authority Occupational Therapist for 14 years and
was the lead for Huntington's disease for the last 5 of these. | hold a specialist BSc module in
Huntington's disease.

For the past 3 years | have worked as an OT and Huntington's disease specialist, covering all 4
local authority areas of Lothian. | undertake home visits, assessments, onward referrals, face to
face clinics and video consultations with clients with Huntington's disease and their families,
whom | also support.

For the past 12 years | have been a Level 4 accredited Manual Handling Trainer and Advisor
and also carry out specialist postural assessment.

Over this entire time | have been a practice educator in Occupational Therapy, supporting
students at all levels.

My views on the following MSc in OT student dissertation would be;

Bergen, A (2022) What is the Role of Proprioceptive and Tactile Feedback on Functional
Movement in Huntington's Disease?

Falls are a major cause of hospital admission in Scotland, accounting for more than 18, 000
admissions per year (NHS, 2021). Recent evidence has shown that people with Huntington's
disease (HD), who are still mobilising independently are at higher risk of falls than the general
falling population (Kalkers et al, 2021). Additionally, their awareness to be able to compensate
and/or take precautionary measures may also be impaired due to their HD (Grimbergen et al,
2008, Kalkers et al (2016). Therefore, this proposed study, which aims to explore the potential
for weighted vests to improve mobility and reduce the potential for falls in HD is definitely worthy
of further investigation.

References:

Grimbergen YA, Knol MJ, Bloem BR, Kremer BP, Roos RA, Munneke M. (2008) Falls and gait
disturbances in Huntington’s disease. Movement Disorders ;23(7):970-6.

Kalkers K, Neyens J, Wolterbeek R, Halfens R, Schols J & Roos R (2016) Falls and Fear of
Falling in Nursing Home Residents with Huntington’s Disease. Journal of Nursing Home
Research; 2:83-89.

Kalkers K, Schols J, van Zwet E and Roos R (2021) Falls, Fear of Falling and Preventative
Measures in Huntington’s Disease. Journal of Huntington’s Disease; 10;4: 493-503.

NHS Inform (2021) Why Falls Matter, accessed at: https://www.nhsinform.scot/healthy-
living/preventing-falls/why-falls-matter

| hope this is helpful, but please get in touch, should any further information be required.

Kind regards,
Julie Wilson

https://outlook.office.com/mail/inbox/id/ AAQkADcyMjBmNTUyLTRmYjQtNDg5ZC1hZjZjLTQ2YTA4ZWI3Y zewY QAQAHu%2FFSt4n8xMvo3fdRIiaRk%3D 172
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*My working hours are Monday to Wednesday 9am to 5pm, Thursday 9am to 4.30pm and Friday
9am to 4pm.*

JULIE WILSON
Huntington’s Disease Specialist (Lothian)
Occupational Therapist

Scottish Huntington's Association | Clinical Genetics Department | Western General Hospital |
Crewe Road South | Edinburgh | EH4 2XU

Telephone: 07474 859 304

Email: julie.wilson14 @nhslothian.scot.nhs.uk

Web: hdscotland.org

Care Framework: care.hdscotland.org

This email is intended for the named recipient only. If you have received it by mistake,
please (i) contact the sender by email reply; (ii) delete the email from your system; .
and (iii) do not copy the email or disclose its contents to anyone.

https://outlook.office.com/mail/inbox/id/ AAQkADcyMjBmNTUyLTRmYjQtNDg5ZC1hZjZjLTQ2YTA4ZWI3Y zewY QAQAHu%2FFSt4n8xMvo3fdRIiaRk%3D 2/2
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FALL PROOF PROGRAM: CENTER FOR SUCCESSFUL AGING, CAL STATE
FULLERTON

Modified Clinical Test of Sensory Interaction in Balance
(CTSIB-M)

* Administer only one trial per condition if participant able to complete first trial without loss of balance.

Condition One: Eyes Open, Firm Surface
Trial One Total Time: _ 30 sec
Trial Two Total Time: 30 sec
Trial Three Total Time: _ 30 sec
Condition Two: Eyes Closed, Firm Surface
Trial One Total Time: 30 sec
Trial Two Total Time: 30 sec
Trial Three Total Time: 30 sec
Condition Three:  Eyes Open, Foam Surface
Trial One Total Time: 30 sec
Trial Two Total Time: 30 sec
Trial Three Total Time: 30 sec
Condition Four:  Eyes Closed, Foam Surface
Trial One Total Time: 30 sec
Trial Two Total Time: 30 sec
Trial Three Total Time: 30 sec
TOTAL: /120

sec

Purpose of Test:

This test is designed to assess how well an older adult is using sensory inputs when one or more sensory
systems are compromised. In condition one, all sensory systems (i.e., vision, somatosensory, and
vestibular) are available for maintaining balance. In condition two, vision has been removed and the older
adult must rely on the somatosensory and vestibular systems to balance. In condition three, the
somatosensory system has been compromised and the older adults must use vision and the vestibular
system to balance. In condition four, vision has been removed and the somatosensory system has been
compromised. The older adults must not rely primarily on the vestibular inputs to balance.

Begin timing each trial using a stopwatch. The trial is over when (a) the participant opens
his/her eyes in an eyes closed condition, (b) raises arms from sides, (c) loses balance and
requires manual assistance to prevent a fall.

This test provides some insight into whether each of the sensory system available for balance are being used
effectively. Failure to maintain balance in condition two indicates that the older adults is visually dependent. They
are not using somatosensory inputs to maintain balance when eyes are closed. Failure to maintain balance in
conditions 3 and 4 indicate that the visual and/or vestibular system is not being used to maintain balance. Poor
performance on this test would suggest the need for multisensory training if the medial history does not indicate that







FALL PROOF PROGRAM: CENTER FOR SUCCESSFUL AGING, CAL STATE
FULLERTON

an actual problem(s) exists (e.g., peripheral neuropathy will affect our ability to use somatosensory inputs, etc.).
Check medical history to determine whether the participants has a history of inner ear infections or an inner ear
disorder (e.g., meniere’s disease, acoustic neuroma, etc.)









FALL PROOF PROGRAM: CENTER FOR SUCCESSFUL AGING, CAL STATE 

FULLERTON 

Modified Clinical Test of Sensory Interaction in Balance 

(CTSIB-M)

 

 

*Administer only one trial per condition if participant able to complete first trial without loss of balance. 

 

Condition One:  Eyes Open, Firm Surface  

  Trial One        Total Time:  _______ /   30 sec 

      Trial Two        Total Time:  _______ /   30 sec 

      Trial Three        Total Time:  _______ /   30 sec  

   

Condition Two:  Eyes Closed, Firm Surface 

  Trial One        Total Time:  _______ /   30 sec 

      Trial Two        Total Time:  _______ /   30 sec 

      Trial Three        Total Time:  _______ /   30 sec  

 

 

Condition Three:  Eyes Open, Foam Surface 

  Trial One        Total Time:  _______ /   30 sec 

      Trial Two        Total Time:  _______ /   30 sec 

      Trial Three        Total Time:  _______ /   30 sec  

 

Condition Four:  Eyes Closed, Foam Surface 

  Trial One        Total Time:  _______ /   30 sec 

    Trial Two        Total Time:  _______ /   30 sec 

    Trial Three        Total Time:  _______ /  30 sec 

           

 

              TOTAL:  _______ /      120 

sec 

 

Purpose of Test: 

 

This test is designed to assess how well an older adult is using sensory inputs when one or more sensory 

systems are compromised.  In condition one, all sensory systems (i.e., vision, somatosensory, and 

vestibular) are available for maintaining balance.  In condition two, vision has been removed and the older 

adult must rely on the somatosensory and vestibular systems to balance.  In condition three, the 

somatosensory system has been compromised and the older adults must use vision and the vestibular 

system to balance.  In condition four, vision has been removed and the somatosensory system has been 

compromised.  The older adults must not rely primarily on the vestibular inputs to balance. 

 

Begin timing each trial using a stopwatch.  The trial is over when (a) the participant opens 

his/her eyes in an eyes closed condition, (b) raises arms from sides, (c) loses balance and 

requires manual assistance to prevent a fall. 

 

This test provides some insight into whether each of the sensory system available for balance are being used 

effectively.  Failure to maintain balance in condition two indicates that the older adults is visually dependent.  They 

are not using somatosensory inputs to maintain balance when eyes are closed.   Failure to maintain balance in 

conditions 3 and 4 indicate that the visual and/or vestibular system is not being used to maintain balance.  Poor 

performance on this test would suggest the need for multisensory training if the medial history does not indicate that 


