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. Introduction 

The organizers of this 266th European Neuromuscular Center 

ENMC) workshop welcomed 24 additional participants from 10 

ountries across five continents (Argentina, Australia, Denmark, 

rance, Greece, Ireland, Italy, South Africa, the United Kingdom, 

nd the United States of America), comprising experts in physical 

herapy and outcome measure development, speech-language 

athology, psychology, biostatistics, as well as industry and patient 

dvocacy representatives. Due to COVID-19 restrictions and travel 

hallenges approximately half of the participants were in virtual 

ttendance. The other half of the study group gathered in 

oofddorp from 1–3 April 2022 to discuss progress in remote 

elivery of clinical care, validation of remote clinical outcome 

ssessments (COA) for persons with neuromuscular disorders and 

lan future directions. 
∗ Corresponding author at: 700 Children’s Dr, Rm AB7036 

E-mail address: lindsay.alfano@nationwidechildrens.org (L.N. Alfano) . 
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Deficits of muscle strength and function are hallmark features 

f neuromuscular disorders (NMD) and have been associated 

ith sequelae including pain; musculoskeletal anomalies; 

ecreased function and loss of independence in daily activities 

s well as inability to access their home, community, school 

nd occupational environments; respiratory and/or cardiac 

omplications; psychological distress and reduced health-related 

uality of life. Standardized assessments of strength and function 

re used to track disease trajectory to prospectively advise 

he need for equipment, home and work modifications, and 

ther assistive devices. Given the significance and impact of 

rogressive muscle weakness, strength and functional outcomes 

re often featured as primary and secondary endpoints for studies 

nvestigating natural history and therapies aiming to alter the 

rogression of NMD. It is crucial that data representing key 

unctional endpoints are obtained via highly controlled and 

tandardized methods by individuals, primarily physical therapists 

PT), who are qualified and trained to collect them. 

The COVID-19 pandemic presented unprecedented challenges to 

he delivery of clinical care and the use of COA for people living 

https://doi.org/10.1016/j.nmd.2023.02.011
http://www.ScienceDirect.com
http://www.elsevier.com/locate/nmd
mailto:lindsay.alfano@nationwidechildrens.org
https://doi.org/10.1016/j.nmd.2023.02.011
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ith NMD. Due to the frequent comorbidities seen in NMD and 

ften the chronic use of immunosuppressive treatments, and thus 

he potential for severe disease from COVID-19 infections, it was 

onsidered a significant risk for many individuals with NMD to 

eave their homes for clinic/hospital visits during the height of 

he pandemic and subsequent waves; this was also exacerbated by 

eavily restricted travel in some areas of the world. To ensure the 

ontinuation of clinical care and clinical trials, COVID-19 mitigation 

trategies were urgently required to accommodate circumstances 

here clinical service users and research participants were unable 

o travel to clinics and hospitals. 

In March 2020, with several trials and natural history studies 

nderway, including trials collecting data on primary endpoints 

uring lockdown, a fast response, and alternative strategies were 

equired to protect study efficacy endpoints and ensure ongoing 

valuations for patients and data collection for clinical trials. 

emote testing of existing outcome measures had not yet been 

alidated in individuals with NMD and clinical trials, therefore, 

id not include remote evaluations. Exploring the feasibility and 

uitability of adapting current COA as part of remote evaluations 

as critical to ensuring ongoing data collection in clinical trials, 

atural history studies and for healthcare service delivery. 

Several study sponsors introduced amendments to enable 

emote evaluations, supported by video streaming of the 

isit with their trial PT or clinical evaluator (CE), which 

as raised discussions around the validity and reliability of 

emote evaluations and their correlation to clinic-based testing. 

dditionally, the model of training a PT to conduct specialized 

OA needed to evolve to overcome COVID-19 restrictions to ensure 

rained staff were available for clinical evaluations. A group of 

xpert PT in the field of NMD, working across clinics, countries, 

nd clinical trials developed initial guidelines for the suitability, 

easibility, and acceptability of performing remote COA commonly 

sed in clinical trials [1] . 

Remote evaluations have the potential to change traditional trial 

esign paradigms and increase access to trials and expert clinical 

are, if deemed feasible, valid, and reliable. It is thus critical to 

nderstand the comparability of clinic/hospital-based evaluations 

nd those live-streamed from an individual’s home. The experts 

ssembled for this workshop aimed to address the following goals: 

- Evaluate the utility of remotely collected COA for both clinical 

and research purposes to advise best practice for continuity 

and access to expert clinical care and maintain the integrity of 

clinical trial design 

- Document experiences of conducting remote COA from a wide 

range of stakeholders (including clinicians, patients, families, 

researchers, and industry). 

- Identify limitations to using remote COA and other assessment 

tools and the impact for future trial design 

- Evaluate the quality of remote training and reliability testing for 

PTs new to the NMD field. 

- Develop an action plan to address identified knowledge gaps 

and areas of future research 

To achieve these workshop goals, participants presented their 

rea of expertise, recent experiences, as well as published and 

npublished research. The shared information was used in the 

iscussions to develop an action plan. 

. Current experiences using telemedicine around the globe 

.1. Utility of telemedicine from the patient perspective (Alessandra 

aeta, Director of Research at Duchenne UK, United Kingdom) 

The workshop began with a perspective on how innovative 

echnologies, including digital health technologies, and holistic 
340 
ssessments of disease progression can support the development 

f outcomes measures, interventions and treatments that are 

eaningful to people living with NMD. Dr. Gaeta elaborated on 

pplications of digital technologies that the NMD community 

ould particularly like to see implemented in the future, such 

s: encourage exercise (e.g., standing); help coordinate care (e.g., 

ppointments and test results, reminders to take medication; 

onitor mental health through questionnaires); help access 

upport networks and communicate with peers; and home-based 

uchenne Muscular Dystrophy (DMD) assessments (also in the 

ontext of clinical trials). Validated outcome measures that can 

apture patient-generated data, and their systematic validation and 

doption in clinical drug development will provide much needed 

vidence for regulatory, health technology assessment and payer 

ecision making. Innovative technologies, including digital health 

echnologies, have the potential to enable and accelerate research 

dvancement. 

.2. Global experiences using telemedicine (Ulla Werlauff, Physical 

herapist, Denmark; Robert Muni-Lofra, Physical Therapist, United 

ingdom; Kristy Rose, Physical Therapist, Australia; José Corderí, 

hysical Therapist, Argentina) 

Dr. Ulla Werlauff described the experience of the Danish 

ational Rehabilitation Centre for Neuromuscular Diseases (RCFM). 

s a tertiary primary referral hospital, RCFM works as a 

acilitator of cross-sectoral collaboration with individuals, families, 

ospitals, and local communities about the person’s rehabilitation. 

he RCFM includes clinical services where health professionals 

rom multiple disciplines (i.e., physical therapists, occupational 

herapists, doctors, psychologists, and social workers provide 

ounseling, information and education about neuromuscular 

iseases often in the individual’s home and local communities; 

nd a research service, where people with NMD are invited to 

articipate in various studies. The delivery of actual physical 

herapy is for instance performed by local physical therapists with 

dvice from physiotherapists from RCFM. 

During the pandemic, meetings with people living with NMD 

nd health professionals in the clinic changed from physical 

eetings to online meetings where possible, and when it made 

ense. Dr. Werlauff described the benefits of digital meetings as 

eing more flexible and less time-consuming; having a stricter 

eeting structure; and the experience that digital meetings were 

 suitable forum for sharing information. Some assessments (e.g., 

he Egen Klassification 2 (EK2) scale) were possible to perform 

s interviews and video demonstrations, and in some situations 

 pre-recorded video of walking or other functions could be 

sed to estimate the patient’s current functional level. Identified 

isadvantages and challenges included technological problems 

uch as poor internet or computer skills; difficulties conducting 

eetings with several family members on one screen; inability to 

ssess muscle strength and joint motion; difficulties in assessing 

r determining moods and emotions. For research, the RCFM used 

urveys and questionnaires (e.g., Brooke scale, Visual Analog Scale, 

alidated questionnaires); conducted interviews, either online 

computer) or via the telephone, and focus group interviews using 

igital meeting apps such as Microsoft Teams or Zoom. In some 

isease groups (DMD and Myotonic Dystrophy Type 1) physical 

nterviews were a priority and had to wait until it was safe to 

eet again. In the future, both services will use a combination of 

hysical and remote meetings, therefore a hybrid approach. 

Dr. Robert Muni-Lofra presented the UK experience based 

n the National Evaluation of Remote Physiotherapy Services of 

he Chartered Society of Physiotherapy [2] but also the team 

xperience at the John Walton Muscular Dystrophy Research 

entre (JWMDRC), Newcastle upon Tyne NHS Foundation Trust. 
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t the national level, the results of the study which evaluated 

he impact of remote PT service delivery were presented. Over 

he period of July 2020 to April 2021, a three-stage analysis was 

erformed starting with a scoping review, a national survey and 

nalized with a series of case studies. The study identified a 

umber of topics related to the person receiving the service such 

s preference in service delivery, degree of satisfaction, role of the 

urrent clinical presentation on the experience, challenges related 

o communication, perception of risk and safety, convenience of 

educing burden to travel and cost and challenges related to 

echnology. At the organization level, the topics reported related 

o the overall figures of the evaluation, the resources required 

t technical level but also for training and ongoing support, the 

orkload pattern and intensity, the impact of the implementation 

f a quick transition in the leadership at organization and 

ervice level (COVID has been a catalyst for change) and different 

hallenges identified (related to governance, policy and regulation, 

uidance, costs, insurance and legal). 

The experience at the JWMDRC was reported relating to the 

volution of the service provision from the end of May 2020 

o March 2022. This started with a fully remote provision to 

 hybrid model, combining face to face clinic with remote at 

qual proportion. The introduction of remote clinical assessment 

ith online surveys and remote spirometry had been the main 

tructural changes together with the introduction of “Attend 

nywhere” as a video platform for remote consultations. 

The conclusion of both experiences suggest that a hybrid PT 

ervice model can offer a personalized and flexible approach. This 

odel can help to ensure that PT is safe, equitable, effective and 

esponsive to individual needs and preferences. It is important 

o take into consideration the multiple interacting factors such 

s communication needs, resources and digital literacy that can 

nfluence what feels is the right type of service delivery at the 

ight time for each individual. 

Dr Kristy Rose presented experiences and lessons learned using 

elemedicine in Australia during the height of the pandemic. 

ustralia was fortunate to experience relatively short periods 

f lockdown. As a result, telemedicine was largely used in an 

utpatient capacity as individuals could still access their local 

ospitals for essential clinical care and clinical trial visits. Family 

ngagement using telemedicine was variable during this time. 

nowing the lockdowns would likely be brief, many individuals 

nd families opted to take a “break” from therapy and clinics, 

articularly if they were clinically stable. In Australia, individuals 

ften travel to different states to access clinical trials. Due to 

tate border closures during the pandemic, some clinical trial 

articipants were therefore unable to cross state borders for their 

tudy assessments. In this instance, online platforms such as Zoom 

ere utilized to facilitate remote delivery of clinical trial COA. 

his proved to be successful until theose participants were able to 

ravel to the clinical trial sites again. While a full assessment using 

ll the study COA was usually not possible remotely, it still allowed 

or the collection of some data and allowed the trials to continue 

uring the pandemic. 

José Corderí presented the Latin American experience with 

elemedicine and discussed the difficulties with the technology 

equired, primarily internet access. While access is less of a 

oncern in larger cities, few individuals and families in rural areas 

f have access to fast, uninterrupted internet connection and in 

any instances the connection doesn’t support video streaming. 

owever, in Argentina, even during periods of lockdown, people 

iving in the capital could attend clinical care visits at the center, 

n-person. Many centers attempted some level of telemedicine 

ith varying levels of success. Lic. Corderí described PT as 

raditionally being a very hands-on practice. For this reason, he 

ound the use telemedicine difficult because he had to rely on 
341 
aregivers to facilitate the activities he wanted to observe. The 

Ts attempted to guide and train caregivers, however, the level of 

uccess differed across patients. When individuals couldn’t travel 

o clinic for assessments, some clinical care and follow up was 

ost. He reports that the LATAM community is still assessing the 

egative effects of the COVID-19 lockdown, for example reduced 

ccess to rehabilitation, lost follow up, and weight gain due 

o reduce mobility. He indicated possible benefits of changing 

o telemedicine included increased access to psychological and 

ental health therapy, increased involvement in patient advocacy 

roups, and increased community involvement via social networks. 

owever, there is an ongoing need to standardize remote COA and 

mplementation of home-based rehabilitation programs. 

.3. Opportunities for global outreach (Maha Elseed, Physician, 

nited Kingdom/Sudan) 

Dr. Elseed provided an overview of her experience utilizing 

echnology to provide outreach care to individuals in Sudan [3] . 

he highlighted the use of smart phones and WhatsApp as an 

pplication to communicate with 200 + caregivers providing care 

nd support to children with neurological disabilities. Caregivers 

eported great benefit from participation in the WhatsApp group 

nd felt their questions were answered and communication was 

seful. In addition, the group served to connect families in similar 

ituations providing a support group framework and structure. 

hile these activities and use of technology were initiated well 

efore the pandemic, this study highlighted using commonly 

vailable technologies to expand access to high-quality care outside 

f tertiary academic centers. 

. Current experiences in clinical trials 

.1. Utility of remote testing from the patient perspective (Annette 

ostello, Ireland) 

Ms. Costello provided the patient perspective of participation 

n telemedicine versus in-person visits. Having a long-standing 

elationship with an expert neuromuscular center, Ms. Costello 

utlined the personal benefits of in-person clinic visits, including 

ccess to leaders in the field, high-quality evidence-based 

ecommendations, and the opportunity to socialize with other 

articipants and team members. While access to the team during 

eriods of lockdown was the main benefit of telemedicine during 

he pandemic, Ms. Costello felt these visits were useful, but looked 

orward to the return to in-person clinic visits. 

.2. Patient advocacy’s role in remote testing and monitoring 

Nathan Peck, CEO Cure VCP Disease, United States) 

Mr. Nathan Peck from Cure VCP Disease presented to 

he workshop on the role of patient advocacy organization- 

ssisted research by highlighting collaborations at both Nationwide 

hildren’s Hospital (NCH) and Casimir, LLC using both in-clinic and 

emote functional COA and conducting natural history studies. Cure 

CP Disease advocates for ultra-rare VCP-associated multisystem 

roteinopathy (MSP-1 or VCP-MSP) characterized by adult onset 

ia an autosomal dominant inheritance. Cure VCP Disease shared 

ow they collaborated with researchers by providing patient 

nsight and perspective on COA selection, especially for remote 

easures. The group organized a proof-of-concept pilot project 

ith NCH researchers to better understand potential challenges 

f remote testing in VCP-MSP. Furthermore, Cure VCP provided 

unding to support key research initiatives; drove recruitment 

ffort s through advertising clinical trials/studies via their network 

nd registry; organized, shipped, and explained standardized 
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quipment kits for remote assessments to participants; and 

rovided feedback on study logistics and execution to maximize 

tudy efficiency. In short, a true partnership between patient 

roups and researchers expedited progress in key initiatives and 

astened clinical trial readiness. 

.3. Agile implementation of remote assessments in response to the 

andemic (Meredith James, Physical Therapist, United Kingdom) 

In reaction to the unexpected lockdowns, there was discussion 

urrounding the agile response of specialist physical therapists 

n ensuring high quality remote assessments be completed for 

oth clinical and research purposes [1] . Ms. James described the 

lobal collaborative effort of expert physical therapists to develop 

nitial guidelines and methods to perform valid and reliable 

emote assessments via live video conferencing. Experiences across 

linical trials were presented with a focus on lessons learned 

nd a framework to adapt current in-clinic evaluation for remote 

pplications, as well as considerations for ongoing and future 

alidation of these methods and COA. 

.4. Impact of travel restrictions on collection of key efficacy 

ndpoints in clinical trials (Maria Mancini, VP, Head of Clinical 

evelopment Operations Edgewise Therapeutics, United States; Julie 

oats, Senior Manager - Clinical Sciences Astellas Gene Therapies, 

nited States) 

Ms. Mancini and Dr. Coats contributed real-world experience 

rom the industry perspective on the challenges of managing 

n ongoing clinical trial during the early days and months of 

he pandemic. While global lockdowns made traveling to sites 

mpossible due to safety concerns, trial sponsors had to quickly 

dapt to gather data needed for future regulatory discussions 

nd ensure that key endpoints were gathered to move clinical 

rials forward. The U.S. Food and Drug Administration (FDA) and 

uropean Medical Association (EMA) provided regularly updated 

uidance on best practice and considerations for conducting 

linical trials throughout the pandemic [4] . Both presenters 

iscussed updates to study protocols to enable high-quality, 

tandardized, remote assessments and to monitor treatment safety, 

ocument any adverse or serious adverse events, and capture 

fficacy endpoints. While these modifications were enacted in 

esponse to an unexpected event, discussion focused on ways 

o better prepare for any future disturbances in clinical trial 

perations to maintain clinical trial integrity. 

. Ongoing validation and improvement 

.1. Efforts underway in Charcot Marie Tooth (CMT) disease (Gita 

amdharry, Physical Therapist, United Kingdom) 

This session highlighted work on developing, validating and 

mproving remotely delivered outcome measures. Dr. Ramdharry 

ntroduced the work of the National Institute of Health funded by 

he Rare Disease Clinical Research Network Inherited Neuropathy 

onsortium (RD-CRN INC) and the current studies validating 

he CMT Functional Outcome Measure (CMT-FOM)[ 5 , 6 ]. Similarly, 

valuation of the utility of activity monitoring as a COA for 

ndividuals with CMT was presented. The challenges of the COVID- 

9 pandemic led to a collaborative effort between the Allied Health 

rofessional research team to develop a remote version of the 

MT-FOM. This COA consists of five functional items to be observed 

ia video conferencing software and simultaneously timed by an 

ssistant at home and the PT viewing the assessment. A study to 

est the feasibility, reliability and validity is currently underway. 
342 
.2. CMT examination score (Valeria Prada, Physical Therapist, Italy) 

The CMT Examination Score (CMTES) was previously devised 

nd validated by the RD-CRN INC and was presented by Dr. Prada 

7] . A virtual version of the CMTES (vCMTES) was developed 

tarting from the validated CMTES, changing primarily the two 

tems which required the use of a pinprick for sensation testing 

nd a tuning fork for assessing vibration sense. A light touch and a 

roprioception test that could easily be administered in the home 

nvironment replaced these two items. The items on symptoms 

nd strength remained the same. Two centers participated in the 

alidation process, testing the participant in person with CMTES 

nd vCMTES and then, after 3 weeks, testing the participant 

emotely using a Zoom platform [8] . Reliability was tested by two 

ifferent professionals, evaluating the participant twice a week. 

esults are positive and statistically significant, showing that this 

s a reliable and valid scale. 

.3. Ongoing validation efforts to compare clinic-based assessments 

o live-streamed in home assessments in valosin-containing protein 

ultisystem proteinopathy (VCP-MSP) (Lindsay Alfano, Physical 

herapist, United States) 

Dr. Alfano presented the ongoing clinical trial readiness study 

eing conducted at the Abigail Wexner Research Institute at 

ationwide Children’s Hospital to evaluate the suitability of COA to 

uantify disease progression in VCP-MSP. A core aim of this study 

s to evaluate the feasibility and validity of assessments completed 

emotely via live-video conference with a trained physical therapist 

o those completed in-clinic. Cross-sectional data from the baseline 

isits were presented which indicated all COA (with the exception 

f the 9-hole peg test) and patient-reported outcomes (PRO) 

emonstrated excellent reliability within each testing environment. 

ome COA demonstrated slight increases in variability due to 

eed for standardized equipment or administration considerations 

nique to the home environment such as the need for an 

ppropriate height table. Some testing could not be completed 

ithin the home environment due to space constraints like the 

0m walk/run test or concerns about safety with implementation 

uch as 4-stair climb. Longitudinal data collection is ongoing. 

.4. Reliability of remote testing in young boys with Duchenne 

uscular dystrophy (Linda Lowes, Physical Therapist, United States) 

Dr. Lowes presented the results of a study aiming to evaluate 

he congruence between remote and in- clinic administration of 

he North Star Ambulatory Assessment (NSAA). This validation 

tudy was completed as part of an ongoing gene therapy program 

o ensure 1) continued collection of efficacy data at key study 

ndpoints and 2) to compare COA feasibility and scoring across 

oth traditional, in-clinic assessments and remote assessments 

onducted by a highly trained and reliable PT with expertise 

n the administration and scoring of COA in individuals with 

MD. Children with DMD completed remote assessments within 

wo weeks of an in-clinic assessment. They completed the NSAA, 

0-meter walk/run (if possible, in the home environment), and 

imed rise from the floor. Preliminary results indicated remote 

nd in-clinic assessment scores and times were highly correlated 

preliminary Pearson and Spearman correlation coefficients > 0.90), 

lthough the 10-meter walk/run was only feasible in a small 

ercentage of homes due to space constraints. Study findings 

upport remote functional assessments as there was no statistically 

ignificant or clinically meaningful difference in performance 

cross environments. Given the significant burden that treatment 

nd monitoring places on individuals with DMD and their 
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aregivers, remote evaluation may also be beneficial in future 

linical trials and for clinical management. 

. Alternative ways of monitoring patients with neuromuscular 

isorders 

.1. Remote monitoring using sensor-based platforms (Hara 

ylarinou, CEO SystServ, Greece) 

Dr. Pylarinou discussed a telemedicine ecosystem developed to 

upport remote monitoring, remote clinical diagnosis, telemetry 

nd other needs to connect patients and doctors within the 

ome environment. The platform connected a healthcare team 

ith patients to diagnosis and monitor conditions. Participants 

iscussed the use of technology and future implications for clinical 

ractice and research applications. Furthermore, access and privacy 

ithin the home environment and finding the balance between 

hese as well as navigating the regulatory requirements which 

iffer across regions were discussed. 

.2. Use of wearable devices to monitor progression (Charlotte Lilien, 

hysical Therapist, United Kingdom) 

Over the last ten years, home-based digital assessment has 

een increasingly investigated, especially in the field of NMD, 

ncluding DMD [9–11] , spinal muscular atrophy (SMA) [ 12 , 13 ], 

nd facioscapulohumeral muscular dystrophy (FSHD) [14] for both 

mbulatory and non-ambulatory patients. These measures allow 

ontinuous assessment over a period of time and are therefore less 

ependent on a day-to-day performance. 

Despite the increased interest in using wearable devices in 

MD in the recent years, the number of digital endpoints 

sed as primary of even secondary endpoints remains low. Ms . 

ilien discussed her experience in digital endpoint and wearable 

evice development based on the only digital endpoint currently 

pproved by the EMA [15] , which is the 95th centile of stride 

elocity. An application as primary endpoint is currently under full 

onsideration by EMA, and a Letter of Intent has been filed at the 

DA level. 

The group discussed difficulties associated with the 

evelopment of digital endpoints and wearable devices such as 

igh costs and the long time it takes from developing prototypes 

o validation of the variables and finally to regulatory approvals. 

he group discussed the need for a strong collaboration between 

he technology team and medical team, as well as the need for 

edicated teams to manage deployment and support. The last 

rea of discussion revolved around techniques to keep individuals 

ngaged and compliant with wearing the device. Interest in 

earable devices, as an efficacy outcome for clinical trials, is 

rowing as it may have the potential to reduce clinical trial 

uration or the number of participants required per trial [11] . 

.3. Development and validation of a standardized video-based 

oftware tool in Duchenne muscular dystrophy (Mindy Leffler, 

resident, Chairman Casimir, United States) 

Work on the development of the Duchenne Video Assessment 

DVA), a novel DMD outcome measure developed for remote 

ssessment of individuals across the spectrum of disease 

rogression, was presented. The DVA was developed as a video- 

ased tool that could complement traditional in-clinic assessments 

y enabling in-home evaluation of standardized activities and 

educe patient burden associated with traveling to a clinic for 

ollow-up visits. The goal of the DVA was to capture movement 

atterns reflective of daily life (i.e., habitual performance) in the 

omfort of one’s home. Recording partners (i.e., parents, caregivers) 
343 
ecorded individuals performing standardized movement tasks at 

ome using a secure mobile application. PTs, certified in the 

VA, scored the videos using standardized scorecards with 

redefined compensatory movement criteria as a measure of 

isease progression. An update regarding Casimir’s FDA COA 

ualification pathway and plans to conduct an investigator- 

nitiated study known as ARISE were discussed. The ARISE 

tudy will recruit 180 participants with DMD at any stage of 

isease progression for a 24-month study in which they will 

emotely capture the DVA and other traditional COA. The ARISE 

tudy will assess the DVA’s validity, reliability, and sensitivity to 

hange over time to evaluate how the DVA coupled with DMD 

unctional assessments may provide a comprehensive picture of a 

articipant’s progression. 

.4. Digital technology and assessments in neuromuscular disorders 

Elin Haf Davies, CEO Aparito, United Kingdom) 

Dr. Davies presented an update on the development of a 

MD home platform which enables home-based assessment of 

isease progression. The tool includes digital outcomes to analyze 

ovement and quantify compensations in individuals with DMD, 

ith a primary focus on the transfer and transition phase. 

he video-based approach, delivered through an iOS or Android 

obile application, collects video of individuals completing certain 

otor function tasks within their home environment and then 

pplies pose estimation for analysis of movement quality and 

uantification. A pilot study in a small number of individuals has 

iven early indication that this approach, when further validated, 

ay be used to capture and quantify voluntary or compensatory 

ovements in patients with DMD [16] . The current strengths 

f digital technology were discussed in the context of home 

onitoring and reduced burden of traveling. Dr. Davies also 

iscussed the lessons learned throughout the development process 

ncluding the need for standardization of the video capturing and 

o improve the widespread adoption of this approach beyond a 

esearch context. 

.5. The importance of monitoring respiratory function (Anri Human, 

hysical Therapist, South Africa) 

Dr. Human discussed the timely topic of respiratory problems 

mong people with NMD and that the pandemic likely presented 

n additional risk. Respiratory muscle weakness and ineffective 

ough as well as diminished lung volumes can further lead 

o, dyspnea; sleep disturbances (e.g., nocturnal hypoxia and 

ypercapnia); restrictive lung disease and decreased exercise 

olerance and subsequently influence the health-related quality of 

ife (HRQoL) of individuals and their families [17–19] . The COVID- 

9 pandemic led to numerous challenges, but also opportunities 

or alternative methods of assessment, treatment innovations and 

eaching all individuals with NMD within different socio-economic 

ontexts. There was discussion about options to remotely monitor 

espiratory function as well as discussion of online strategies 

o preserve or improve respiratory muscle strength, optimize 

entilation, improve cough ability, reduce respiratory morbidity, 

nd potentially improve HRQoL. Considerations for mitigating the 

ffect of limited resources, knowledge, and infrastructure such as 

lectricity and availability of internet were discussed including 

ssessing upper limb function, vital signs, or oxygen saturation as 

 proxy [20] . Dr. Human discussed the use of low cost, portable 

ulmonary function equipment that can measure expiratory flows 

nd peak cough flow as an option for countries with limited 

esources. The COVID-19 pandemic has provided us with the 

pportunity to explore surrogate assessment techniques to monitor 
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espiratory function and to ensure timely intervention, when 

equired. 

.6. The psychological impact of the pandemic and considerations 

Lone Knudsen, Psychologist, Denmark) 

Dr. Knudsen presented results from a national survey on the 

iopsychosocial health and quality of life of individuals with NMD 

uring the COVID-19 pandemic with a special emphasis on the 

atient perspective of the changes in healthcare delivery [21] . 

ight hundred and eleven adults with NMD and 67 parents of 

hildren with NMD participated in the survey. Twenty-five percent 

f adult patients and 47% of parents of a child with NMD reported 

nxiety. Nearly half of all the participants stated the pandemic had 

ontributed to anxiety. For depression, 20% of adults patients and 

8% of parents fulfilled the criteria. The majority of all participants 

aid the pandemic had contributed to depression. Quality of life 

as negatively affected by the pandemic in approximately 80% of 

dult patients and children. A small group of adult patients (5.5%) 

nd children (8.6%) experienced improved quality of life. 

The decreased access to health care appointments had a 

egative impact on physical function (i.e., loss of muscle strength, 

oor balance, increased pain and fatigue, less mobility, weight 

ain, increased need for personal assistance) with few patients 

sing other means (e.g., exercising on their own, buying training 

quipment or making use of the help of personal assistants to 

rain at home) to maintain activity. Only 4% had received physical 

herapy via remote means such as virtual sessions or telephone 

alls. On such grounds, Dr. Knudsen discussed whether remote 

elivery of PT could have prevented some negative consequences 

f the pandemic by providing patients with the opportunity 

o access therapy. However, she acknowledged that face-to-face 

nterventions contain social elements (e.g., informal socializing 

oth with the PT and, in the case of group PT, fellow patients) 

hat may promote rehabilitation, and that these aspects may not 

s easily be facilitated in the remote delivery of health care. Thus, 

onsiderations of continuing remote delivery of health care will 

eed to take this into consideration in addition to the resources 

f the individual and family. In the end, what is important is 

hat type of delivery will cause least strain and provide the 

est outcome and rehabilitation for people with NMD and their 

amilies. 

.7. Remote monitoring of bulbar physiology and function (Katlyn 

cGrattan, Speech-language pathologist, United States) 

Dr. McGrattan reviewed clinical and research methods of 

onitoring an individual’s bulbar integrity including their ability 

o verbally communicate and orally consume nutrition. One 

dvantage of remote monitoring of bulbar integrity is that it often 

laces a greater importance on the person’s ability to perform 

unctions of daily living that are meaningful to the individual, 

uch as consume a meal with their friends without coughing 

nd choking. Less emphasis is placed on physiologic imperfections 

hat may not be causing clinically significant deficits. However, 

emote monitoring may not detect small physiological changes 

hat may not be significant enough to cause a change in the 

ndividual’s immediate bulbar function but can be optimized 

hrough treatment to prevent future complications. With this 

ifferentiation in mind, the literature highlighting methods 

f evaluating functional and physiological communication and 

eglutition outcomes was reviewed. Given the limited number of 

emote monitoring devices within this realm, the literature review 

as not restricted to methods tested in NMD only. 

Communication remote monitoring was discussed as it related 

o monitoring the cumulative effects of the voice, articulation, and 
344 
anguage subsystems. Dr. McGrattan highlighted several devices 

or home monitoring such as the Language Environment Analysis 

LENA) remote monitoring device that can record an individual’s 

erbal communication for up to 16 hours of the day [22] . 

he majority of LENA research focuses on home monitoring of 

hild language development, however, work has been conducted 

emonstrating its validity and reliability in other populations 

uch as those with autism spectrum disorders [ 23 , 24 ] and 

phasia [25] . Other systems have been developed and utilized to 

nable more refined assessment of voice attributes that require 

 controlled environment where the user takes part in volitional 

oice assessment tasks. These are primarily isolated to phone 

pplications such as GRABASZero, that enable the objective analysis 

f vocal attributes that contribute to an individual’s communicative 

ffectiveness and aesthetics including frequency, jitter, shimmer, 

eptral peak prominence, harmonic-to-noise ratio [ 26 , 27 ], as 

ell as typically subjective analyses such as grade, roughness, 

reathiness, asthenia, and strain [28] . A limitation of this method 

o date, however, has been in the ability to specifically evaluate 

oice loudness due to the many environmental variables that 

nfluence this outcome [29] . 

Remote monitoring of deglutition is an area with building 

cientific and clinical interest, but to date, there are not 

ommercially available tools. Research has primarily focused on 

he adult population where users place an adhesive composed 

f an accelerometer and microphone on their throat to enable 

dentification of when swallowing occurs [ 30 , 31 ] and thus provide 

 measure of swallow integrity including the risk for aspiration 

32] . While the promise of such tools is tremendous in monitoring 

ot only mealtime function, but also spontaneous swallowing rate 

f saliva, further development is needed for these to be readily 

vailable for clinical use and commercial markets and specific 

nvestigation into their reliability and validity in NMD. 

. Needs and future considerations 

.1. Considerations for inclusion of remote testing in trial design 

Heather Gordish-Dressman, Biostatistician, United States) 

Dr. Gordish-Dressman discussed several statistical 

onsiderations that need to be addressed when considering 

he use of remote outcome measures. While these considerations 

re necessary for the statistical analysis of data from any type of 

tudy, they are particularly important for data from clinical trials: 

) Variability: It is possible that a COA measured remotely will 

ave greater variability than one measured in-clinic which can 

ave strong statistical consequences; because greater variability in 

n outcome will affect the ability to detect a statistically significant 

ffect. Most studies, and all clinical trials, are designed around a 

ample size that is adequate to detect a statistically significant 

ffect based on an estimated effect size and variability. If the study 

utcome is assessed remotely, and yields a greater variability than 

xpected, the study will require a larger sample size (or be 

nderpowered) to detect a significance difference. 2) Missing data: 

ll datasets have a degree of missing data points and, while we 

ften see that missing data is simply ignored, there are statistical 

ethodologies to appropriately assess and account for it. If we 

etermine that the data is missing completely at random (MCAR) 

r missing at random (MAR), easily implemented methods can be 

pplied. However, remote data collected by the individual may be 

ore likely missing not at random (MNAR), that is, the reason for 

he missingness is related to the value of the missing outcome. 

or example, a remotely collected functional assessment that is 

ifficult and missing for more severely affected patients but easily 

nd routinely collected for milder patients would be considered 

NAR as the reason the assessment is missing is related to the 
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unctional value of the assessment. And though the methods 

ppropriate for MNAR data can be very complex, simply ignoring 

he issue can lead to very biased conclusions and should be 

voided. 3) Monitoring devices: Many remote outcome measures 

re under development for measurement with a home monitoring 

evice which often measure outcomes in a continuous manner 

nd over an extended period, yielding a very large number of 

ata points. The challenges in analysis of these data sets need 

o be considered before they can be a viable choice. The format 

f the data available from a home monitoring device can differ 

onsiderably between devices and there remains a gap between 

he data created and a way to interpret that data in a statistical 

nd clinically meaningful way. When data is received from a 

onitoring device, it has to be considered if there was any pre- 

rocessing of the data or if the data consist of raw measurements. 

ther questions to consider are: Does the researcher or clinician 

ave access to the data as measured, or must they rely on the 

evice or the device manufacturer’s choice of data to share? What 

s the correct and appropriate summary measurement to use to 

eflect the intent of the outcome? These are all questions that 

eed to be answered so that a clear understanding of what the 

ollected data represents is possible. 4) Validation: Validation of 

ny outcome requires several considerations [ 33 , 34 ]. The outcome 

ust be appropriate for the population and meaningful to the 

erson for whom it is measured. It must be feasible to both 

ssess the outcome and to process and analyze the data. The 

utcome must be interpretable, measured precisely, and measure 

he characteristic that it claims to measure. Lastly, the outcome 

ust be responsive to change. All these considerations must be 

ddressed before an outcome can be deemed useful in a clinical 

rial setting as a primary outcome. 

.2. The role of patient registries (Allison Peck, Treasurer Cure VCP 

isease, United States; Jennifer Levy, Scientific Director Coalition to 

ure Calpain 3, United States) 

It is well-established that patient registries are valuable 

ools in patient identification, collection of evidence to better 

nderstand a disease or condition, clinical study design, and 

tandard of care development; however, the COVID-19 pandemic 

ighlighted their value as a remote monitoring tool. Allison 

eck shared insights from designing an international patient 

egistry and utilizing a patient-led registry as a building block 

or research. As a new, ultra-rare disease patient organization, 

ure VCP Disease considered the following factors as critical for 

heir registry platform: low cost, accessibility, international reach, 

atient data-protection, customized surveys, and data-sharing with 

he community. 

Ms. Peck reported that 90 patients with VCP-MSP have enrolled 

n the Cure VCP Disease Patient Registry with 10 countries 

epresented. The Cure VCP Disease Registry has been used to 

ntegrate the patient voice into several research projects, including 

) a research study comparing patient insights with clinical 

bservations [35] , 2) the clinical study design of a natural history 

tudy [36] , and 3) the development of a standard of care guideline 

37] . Similarly, a patient registry can reveal gaps in current clinical 

are. Comparison of the age of symptom-onset and age of diagnosis 

evealed that diagnosis lags symptom-onset in VCP-MSP, with 

8% reporting symptoms prior to age 41 but only 27% of those 

eceiving a diagnosis prior to that age. Patients with VCP-MSP 

ften reported experiencing fatigue, pain, and depression, but 

ew patients received medical care to address these symptoms 

ue to reduced awareness of these co-morbidities. Prospective 

ollection of these symptoms in the Cure VCP Disease registry 

aises awareness of the broad existence of increased tiredness 

reported in 76% of patients), pain interfering with health-related 
345 
uality of life in 45%, and depression in 29%. Well-designed, 

emote, open-access patient registries elevate the patient voice 

nd can provide critical disease insights when designing clinical 

rials and establishing standards of care without the requirement 

f travel. 

Dr. Levy presented on the international LGMD2A/R1 registry 

dministered by Coalition to Cure Calpain 3 (C3), a nonprofit 

atient foundation. The registry, which can be accessed at www. 

gmd2a.org , allows individuals with limb girdle muscular dystrophy 

A/R1 (LGMD2A/R1, a form of calpainopathy) to self-report their 

ontact information, year of diagnosis and genetic testing results, 

eurologist and clinic information, disease symptoms, and current 

edications and adaptive equipment used. Questions are in 

lain English without medical jargon, and the estimated time to 

omplete is approximately five minutes. At the time of the ENMC 

orkshop, the registry had over 1250 submissions. The registry 

as been successfully utilized for clinical study recruitment and 

o distribute research questionnaires. C3 will soon launch a new 

egistry on the IAMRARE platform, a program of the National 

rganization for Rare Diseases. This will allow for longitudinal data 

ollection using data elements informed by TREAT-NMD’s Limb 

irdle muscular dystrophy Core Dataset project. Dr. Levy expects 

he new registry to launch within the next 12 months. 

. Current experience with virtual training and reliability 

.1. Global lessons learned from remote training and reliability 

Michelle Eagle, Managing Director ATOM International, United 

ingdom; Kristy Rose, Physical Therapist, Australia; Lindsay Alfano, 

hysical Therapist, United States) 

Dr. Eagle, managing director of the ATOM International 

onsortium which provides standardized training of trial PTs, 

resented the lessons learned and challenges of implementing 

emote training in response to the pandemic lockdowns. In 

his role, Dr. Eagle was instrumental in developing training and 

uality control policies to ensure high-quality trial data despite 

he challenging circumstances. There was discussion around the 

evelopment of procedures to ensure site PTs continued to have 

ccess to standardized training through use of videoconferencing, 

ut also allowed flexibility to transition to in-person training 

hen deemed safe by regional, local, and institutional governing 

odies. Dr. Eagle discussed cultural and geographical differences in 

esponse to the remote training transition as well as considerations 

or hybrid training options moving forward. One important 

onsideration is understanding patient privacy rules/policies 

mong different countries to determine if live streaming video 

o an individual in a different region is legally allowed. A 

enefit of the pandemic was a push toward and quick acceptance 

f videoconferencing as a suitable training modality. Utility of 

his modality has continued to supplement in-person training 

hroughout the progression of the pandemic with fluctuating 

ockdowns or travel restrictions across regions persisting. 

Dr. Rose shared her experience conducting remote training 

nd reliability methods across the Asia Pacific Region (APAC) 

uring the global pandemic. She noted training across the APAC 

as always presented unique challenges. The APAC region is 

eographically vast and there is significant variation in the 

ducation, training, professional qualifications, and scope of work 

f medical professionals across the region who often serve 

s evaluators for clinical trials. Prior experience with industry 

ponsored trials is also variable, as historically, this region 

as had limited trials. The impact of the language differences 

annot be overlooked as APAC evaluators are frequently asked 

o communicate with trainers and review documents in English 

ather than their primary language. During a video recording 

http://www.lgmd2a.org
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he advantage of easy demonstration to supplement the verbal 

nstruction is lost. There is also significant variation in local 

anguage and cultural practices across the region, which requires 

dditional consideration. Compared to other regions, it was the 

xperience of her and colleagues that many clinical trials sites 

cross APAC require more input in terms of training and ongoing 

upport to conduct assessments at the quality and consistency 

equired from industry. 

Remote training has required many alterations to the original 

obust face-to-face method of training. While the remote delivery 

f training enabled study sites to continue and trials to be run 

cross APAC during the pandemic, she found it was not a substitute 

or robust face-to-face training, particularly for those evaluators 

ho are new to clinical trials or having difficulty conducting 

tandardized assessments. 

Dr. Alfano discussed the quick implementation of virtual 

raining and reliability methods in the United States. Training 

ia virtual methods was feasible in most circumstances, though 

essions were divided into multiple, shorter sessions to avoid 

Zoom fatigue’ and maximize active engagement in learning. 

raditional didactic training methods were adapted for use in 

irtual settings including the use of slide presentations via screen 

haring capabilities and sharing of patient videos to practice 

coring of assessments. Reliability testing via virtual platforms was 

lightly more challenging to implement though was successful 

n most instances. The burden of ensuring successful virtual 

eliability fell primarily on the site to provide appropriate visual 

larity for the virtual trainer. This obstacle was overcome by 

sing a second person to manage the laptop or camera to 

nsure an adequate view. Some COA required in-person reliability, 

uch as handheld dynamometry or spirometry, and could not be 

ompleted virtually. However, the trainer could generally assess the 

valuator’s technique and provide feedback to improve consistency 

f administration. 

.2. Utilization of remote platforms for training and reliability (Anna 

ayhew, Physical Therapist, United Kingdom) 

Dr. Mayhew reminded the workshop group that the mode 

f training and utility of virtual platforms must begin with the 

urpose of training, its role, and who is being trained. Remote 

r virtual training likely does not replace in-person training in 

ost instances, but can work very well in conjunction with or in 

reparation for face-to-face training. She stressed the importance 

f linking the expert NMD centers and community therapists to 

nsure continuity for individuals with NMD and their families; 

erhaps by making training material available directly to the 

ommunity. Dr. Mayhew discussed an example of an online 

raining portal, opentact.net, which was specifically aimed at PTs 

n the UK but is freely available to therapists outside of the 

K as well. The portal includes information on assessment and 

anagement of several of the more common NMD and included 

irtual clinics where therapists could practice scoring COA such 

s the NSAA for patients with DMD [ 38 , 39 ], EK2 [40] , North

tar assessment for limb girdle type muscular dystrophies [41] , 

nd Revised upper limb module for SMA [42] . One advantage of 

his platform was its accessibility at any time of the day and 

cross the globe so it could potentially reach more people than 

ffering in-person training. It is very easy to add material to the 

pentact.net platform and provides easy access to existing links 

o other training material. She cautioned that the website was 

nly successful because it had staffing and funding to maintain the 

ebsite as well as develop new material. 

Limitations to the opentact.net training portal were discussed: 

) it does not include any translations. ii) It cannot replace 

he benefit of learning how joints or muscles feel, iii) it does 
346 
ot demonstrate how to facilitate movements or safe handling 

echniques that require hands-on training. The portal does, 

owever, use a wide variety of different media techniques which 

nclude videos, podcasts, written material, and virtual clinics which 

an cover a large amount of complicated material. Dr. Mayhew 

ointed out that other training material exists such as the Scottish 

uscle Network and exercise guidelines for people with NMD. 

owever, she acknowledged that remote training needed to be 

xpanded so that it is accessible regardless of global location, and 

ould be user-friendly based on countries’ access to internet or 

ellphone coverage, and most importantly kept up-to-date. 

. Workshop summary and call to action (Meredith James, 

hysical Therapist, United Kingdom) 

Upon completion of the workshop, there was consensus among 

articipants that remote testing has merit in both clinical and 

esearch contexts and is worth further investigating and refining. 

se of telemedicine improves access to leading experts in the 

eld of NMD clinical care and research both locally and expanding 

eographically to underserved populations with previously limited 

ptions for care. There are restrictions to provision of telemedicine 

hat vary based on geographical location, for example many state 

icensures within the United States restrict the use of clinical 

elemedicine by only allowing service to patients residing in the 

ame state in which the PT is licensed. The group agreed that some 

linical testing can be completed within the home environment 

o assess an individual’s function and abilities. A benefit to 

elemedicine is that it provides a window into the individual’s 

rue abilities at home in the environment in which they complete 

aily tasks. Providing guidance to individuals with NMD and 

heir families within this context enables efficient incorporation 

nto daily use. However, remote testing for clinical purposes is 

ot without its challenges. Access to high-quality internet with 

ufficient bandwidth to permit dual video conferencing is not 

quitably accessible within countries and across the globe. Use 

f other methods such as smart phone applications or mobile 

otspots are other options that can provide access to telemedicine, 

ut are also not equally accessible. Furthermore, poor health 

iteracy may prevent some patients from engaging in remote 

esting. Health professionals need to consider whether the patient 

nd family have the abilities and resources to engage in remote 

ealth care. Poor physical and/or cognitive functioning as well as 

ommunication abilities may also be barriers. Also, one needs to 

onsider if there are beneficial aspects of face-to-face health care 

nd rehabilitation that may be missing in a telemedicine approach. 

Use of remote testing for research purposes was also deemed 

o be useful and worth validating. However, first the method of 

emote testing must be determined as either 1) live testing using 

ideoconferencing methods with a specialist, 2) use of home-based 

pplications that collect information within the home environment 

o be processed or scored post-testing, 3) use of other technologies, 

uch as wearable devices, that can assess movements and activities 

ithin the home or community environment over a specified 

eriod. While all the methods have value in their specific contexts, 

ach requires a high level of development and validation to ensure 

ata quality and reliability for use in clinical trials. Similarly, 

nderstanding sensitivity to change and meaningful change within 

he remote environment is critical for interpretation of trial results 

tilizing these methods. Validation effort s are ongoing f or each of 

hese methods and may provide further evidence to support their 

se and in which contexts they are most informative. 

The vast acceptance and implementation of video conferencing 

ethods in response to the pandemic opened additional options 

or training, reliability testing, and ongoing quality control. While 

emote training options may, in some circumstances, provide 

https://opentact.net/c/
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R

ore widespread access, via virtual meetings with experts or via 

nternet repositories and platforms, there was consensus among 

orkshop participants that in-person training opportunities were 

till highly valued and most effective in some circumstances. 

ecause patient care and evaluation in clinical trials can include 

ands-on activities, training and reliability should also ensure 

 hands-on component. Virtual or hybrid training options can 

mprove the efficiency of didactic training and may provide the 

pportunity for ongoing quality control or ensuring reliability in 

ome instances. Having these methods available, in conjunction 

ith in-person training will likely be the most readily adopted 

raining method moving forward. 

While there is significant work remaining to better understand 

nd exploit the full potential of remote testing and training 

ethods, workshop participants agreed that the benefits of 

mproved access to individuals within their home environments, 

educed burden of clinical care and/or trial participation through 

eduction of travel, and increased flexibility in scheduling visits 

nd sessions was worth the time and effort. Further research 

s needed to specifically validate these methods within their 

ppropriate context of use and much of this work is already 

ngoing. 

eclaration of Competing Interests 

Lindsay N Alfano reports a relationship with Sarepta 

herapeutics that includes: funding grants, speaking and lecture 

ees, and travel reimbursement; Astellas Gene Therapies that 

ncludes: funding grants; ATOM International, Ltd that includes: 

onsulting or advisory fees, and travel reimbursement. 

Meredith K James reports a relationship with Sarepta that 

ncludes: consulting or advisory. Meredith James reports a 

elationship with Pfizer that includes: consulting or advisory. 

eredith James reports a relationship with ATOM Ltd that 

ncludes: consulting or advisory and travel reimbursement. 

Gita M Ramdharry reports a relationship with Orphazyme ApS 

hat includes: consulting or advisory. Gita Ramdharry reports 

 relationship with F Hoffmann-La Roche Ltd that includes: 

onsulting or advisory. 

Linda P Lowes reports a relationship with Sarepta Therapeutics 

nc that includes: funding grants and travel reimbursement. 

inda Lowes reports a relationship with ATOM International that 

ncludes: consulting or advisory and travel reimbursement. 

Declarations of interests of members of the Workshop Study 

roup can be found online. 

cknowledgments 

This Workshop was made possible thanks to the financial 

upport of the European Neuromuscular Centre (ENMC) and ENMC 

ain sponsors: 

Association Française contre les Myopathies (France), Deutsche 

esellschaft für Muskelkranke (Germany), Muscular Dystrophy 

ampaign (UK), Muskelsvindfonden (Denmark), Prinses Beatrix 

pierfonds (The Netherlands), Schweizerische Stiftung für die 

rforschung der Muskelkrankheiten (Switzerland), Telethon 

oundation (Italy), Spierziekten Nederland (The Netherlands) 

nd Associated members: 

Finnish Neuromuscular Association (Finland), Österreichische 

uskelforschung (Austria), SMA Europe and the World Duchenne 

rganisation. 

With thank the following members of the ENMC Company 

orum for their support to the ENMC: 

Sanofi Genzyme, Santhera Pharmaceuticals, Amicus 

herapeutics, CSL Behring LLC, Ionis Pharmaceuticals, Perkin 
347
lmer/Wallac Oy, AveXis Switzerland GmbH, Biogen International 

mbH, Hoffmann-la-Roche, Lupin Atlantis Holdings SA 

A special thanks to the Parent Project Muscular Dystrophy and 

dgewise Therapeutics for their support to cover travel costs from 

on-ENMC member country participants. 

orkshop participants: 

ulie Coats, Astellas Gene Therapies, Raleigh, NC, United States. 

osé Corderí, Favaloro Foundation, Buenos Aires, Argentina. 

nnette Costello, Patient advocate, Dublin, Ireland. 

ichelle Eagle, ATOM International, Ltd, Newcastle Upon Tyne, 

nited Kingdom. 

aha Elseed, The John Walton Muscular Dystrophy Research 

entre, Newcastle University and Newcastle Hospitals NHS 

oundation Trust, Newcastle Upon Tyne, United Kingdom. 

lessandra Gaeta, Duchenne UK, Hammersmith, United Kingdom. 

eather Gordish-Dressman, George Washington University School 

f Medicine and Health Sciences, Pittsburgh, PA, United States. 

lin Haf Davies, Aparito, Wrexham, United Kingdom. 

nri Human, Physiotherapy Department, University of Pretoria, 

retoria, South Africa. 

one Knudsen, The National Rehabilitation Centre for 

euromuscular Diseases, Aarhus, Denmark. 

indy Leffler, Casimir, Seattle, WA, United States. 

ennifer Levy, Coalition to Cure Calpain 3, Westport, CT, United 

tates. 

harlotte Lilien, University of Oxford, Department of Paediatrics, 

xford, United Kingdom. 

aria Mancini, Edgewise Therapeutics, Boston, MA, United States. 

nna Mayhew, John Walton Muscular Dystrophy Research Centre, 

ewcastle upon Tyne, United Kingdom. 

atlyn McGrattan, University of Minnesota, Minneapolis, MN, 

nited States. 

obert Muni-Lofra, The John Walton Muscular Dystrophy Research 

entre, Newcastle University and Newcastle Hospitals NHS 

oundation Trust, Newcastle Upon Tyne, United Kingdom. 

llison Peck, Cure VCP Disease, Americus, GA, United States. 

athan Peck, Cure VCP Disease, Americus, GA, United States. 

aleria Prada, Fondazione Italiana Sclerosi Multipla, Rome, Italy. 

ara Pylarinou, Systserv SA, Patras, Greece. 

risty Rose, The University of Sydney Discipline of Physiotherapy, 

ydney, Australia. 

lla Werlauff, The National Rehabilitation Centre for 

euromuscular Diseases, Aarhus, Denmark. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.nmd.2023.02.011 . 

eferences 

[1] James MK, Rose K, Alfano LN, Reash NF, Eagle M, Lowes LP. Remote 

delivery of motor function assessment and training for clinical trials in 

neuromuscular disease: a response to the COVID-19 global pandemic. Front 
Genet 2021;12:735538 . 

[2] Chartered Society of Physiotherapy. Final report: understanding the 
opportunities and challenges of remote physiotherapy consultations and 

rehabilitation during the Covid-19 pandemic. 2022 [cited 2023 15Jan]; 
Available from: https://www.csp.org.uk/system/files/documents/2022-02/ 

csp _ remote _ pt _ evaluation _ final _ report.pdf . 
[3] Mohamed IN, Elseed MA. Utility of WhatsApp in healthcare provision 

and sharing of medical information with caregivers of children with 

neurodisabilities: experience from Sudan. Sudan J Paediatr 2021;21:48–52 . 
[4] U.S. Department of Health and Human Services: Food and Drug 

Administration. Conduct of clinical trials of medical products during the 
COVID-19 public health emergency: guidance for industry, investigators, and 

institutional review boards. 2020. 

https://doi.org/10.1016/j.nmd.2023.02.011
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0001
https://www.csp.org.uk/system/files/documents/2022-02/csp_remote_pt_evaluation_final_report.pdf
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0003


L.N. Alfano, M.K. James, G.M. Ramdharry et al. Neuromuscular Disorders 33 (2023) 339–348 

 

 

 

[

[

[

[

[

[  

[

[  

[

[

[

[

[  

[

[

[

[  

[

[  

[

[

[

[

[

[5] Bray P, Cornett KMD, Estilow T, Pareyson D, Zuccarino R, Skorupinska M, et al. 
Reliability of the Charcot-Marie-Tooth functional outcome measure. J Peripher 

Nerv Syst 2020;25:288–91 . 
[6] Eichinger K, Burns J, Cornett K, Bacon C, Shepherd ML, Mountain J, et al.

The Charcot-Marie-Tooth Functional Outcome Measure (CMT-FOM). Neurology 
2018;91:e1381–4 . 

[7] Shy ME, Blake J, Krajewski K, Fuerst DR, Laura M, Hahn AF, et al. Reliability
and validity of the CMT neuropathy score as a measure of disability. Neurology 

2005;64:1209–14 . 

[8] Prada V, Laura M, Zuccarino R, Reilly MM, Shy ME. Virtual Charcot-Marie-Tooth 
examination score: a validated virtual evaluation for people with 

Charcot-Marie-Tooth disease. Neurol Clin Pract 2022;12:e98–e104 . 
[9] Le Moing AG, Seferian AM, Moraux A, Annoussamy M, Dorveaux E, 

Gasnier E, et al. A movement monitor based on magneto-inertial sensors for 
non-ambulant patients with Duchenne Muscular Dystrophy: a pilot study in 

controlled environment. PLoS One 2016;11:e0156696 . 

[10] Lilien C, Gasnier E, Gidaro T, Seferian A, Grelet M, Vissiere D, et al. Home-based
monitor for gait and activity analysis. J Vis Exp 2019 . 

[11] Servais L, Camino E, Clement A, McDonald CM, Lukawy J, Lowes LP, et al. 
First regulatory qualification of a novel digital endpoint in Duchenne Muscular 

Dystrophy: a multi-stakeholder perspective on the impact for patients and for 
drug development in neuromuscular diseases. Digit Biomark 2021;5:183–90 . 

12] Alfano LN, Miller NF, Iammarino MA, Moore Clingenpeel M, Lowes SL, 

Dugan ME, et al. ACTIVE (Ability Captured Through Interactive Video 
Evaluation) workspace volume video game to quantify meaningful change in 

spinal muscular atrophy. Dev Med Child Neurol 2020;62:303–9 . 
[13] Annoussamy M, Seferian AM, Daron A, Pereon Y, Cances C, Vuillerot C, et al. 

Natural history of type 2 and 3 spinal muscular atrophy: 2-year NatHis-SMA 
study. Ann Clin Transl Neurol 2021;8:359–73 . 

[14] Gidaro T, Gasnier E, Annoussamy M, Vissing J, Attarian S, Mozaffar T, 

et al. Home-based gait analysis as an exploratory endpoint during a 
multicenter phase 1 trial in limb girdle muscular dystrophy type R2 and 

facioscapulohumeral muscular dystrophy. Muscle Nerve 2022;65:237–42 . 
[15] Haberkamp M, Moseley J, Athanasiou D, de Andres-Trelles F, Elferink A, 

Rosa MM, et al. European regulators’ views on a wearable-derived performance 
measurement of ambulation for Duchenne muscular dystrophy regulatory 

trials. Neuromuscul Disord 2019;29:514–16 . 

[16] Ferrer-Mallol E, Matthews C, Stoodley M, Gaeta A, George E, Reuben E, et al. 
Patient-led development of digital endpoints and the use of computer vision 

analysis in assessment of motor function in rare diseases. Front Pharmacol 
2022;13:916714 . 

[17] Boentert M, Wenninger S, Sansone VA. Respiratory involvement in 
neuromuscular disorders. Curr Opin Neurol 2017;30:529–37 . 

[18] Chiang J, Mehta K, Amin R. Respiratory diagnostic tools in neuromuscular 

disease. Children (Basel) 2018;5(6):78. doi: 10.3390/children5060078 . 
[19] Toussaint M, Chatwin M, Gonzales J, Berlowitz DJ. ENMC Respiratory 

Therapy Consortium. 228th ENMC International Workshop: airway clearance 
techniques in neuromuscular disorders Naarden, The Netherlands, 3-5 March, 

2017. Neuromuscul Disord 2018;28:289–98 . 
20] James M, Gordish Dressman H, Hilsden H, Rufibach L, Human A, Duong T, 

et al. P.162 Clinical outcome study of dysferlinopathy: performance of upper 
limb entry item to predict foced vital capacity in dysferlinopathy (LGMDR2). 

Neuromuscul Disord 2022;32:S114 . 

21] Handberg C, Werlauff U, Hojberg AL, Knudsen LF. Impact of the COVID-19 
pandemic on biopsychosocial health and quality of life among Danish children 

and adults with neuromuscular diseases (NMD)-Patient reported outcomes 
from a national survey. PLoS One 2021;16:e0253715 . 

22] Ganek H, Eriks-Brophy A. Language environment analysis (LENA) system 

investigation of day long recordings in children: a literature review. J Commun 

Disord 2018;72:77–85 . 

23] Burgess S, Audet L, Harjusola-Webb S. Quantitative and qualitative 
characteristics of the school and home language environments of 

preschool-aged children with ASD. J Commun Disord 2013;46:428–
439 . 
348 
24] Jones RM, Plesa Skwerer D, Pawar R, Hamo A, Carberry C, Ajodan EL, et al. How
effective is LENA in detecting speech vocalizations and language produced 

by children and adolescents with ASD in different contexts? Autism Res 
2019;12:628–35 . 

25] Suting LB, Mozeiko J. Analysis of real-world language use in a person 
with Wernicke’s Aphasia. Perspectives of the ASHA Special Interest Groups 

2021;6:553–65 . 
26] van der Woerd B, Wu M, Parsa V, Doyle PC, Fung K. Evaluation of acoustic

analyses of voice in nonoptimized conditions. J Speech Lang Hear Res 

2020;63:3991–9 . 
27] Lin E, Hornibrook J, Ormond T. Evaluating iPhone recordings for acoustic voice 

assessment. Folia Phoniatr Logop 2012;64:122–30 . 
28] Kojima T, Hasebe K, Fujimura S, Okanoue Y, Kagoshima H, Taguchi A, et al. 

A new iPhone application for voice quality assessment based on the GRBAS 
Scale. Laryngoscope 2021;131:580–2 . 

29] Schneider SL, Habich L, Weston ZM, Rosen CA. Observations and considerations 

for implementing remote acoustic voice recording and analysis in clinical 
practice. J Voice 2021 . 

30] Shu K, Mao S, Coyle JL, Sejdic E. Improving non-invasive aspiration detection 
with auxiliary classifier wasserstein generative adversarial networks. IEEE J 

Biomed Health Inform 2022;26:1263–72 . 
31] Kim MK, Kantarcigil C, Kim B, Baruah RK, Maity S, Park Y, et al. Flexible

submental sensor patch with remote monitoring controls for management of 

oropharyngeal swallowing disorders. Sci Adv 2019;5:eaay3210 . 
32] Coyle JL, Sejdic E. High-resolution cervical auscultation and data science: new 

tools to address an old problem. Am J Speech Lang Pathol 2020;29:992–10 0 0 . 
33] Boateng GO, Neilands TB, Frongillo EA, Melgar-Quinonez HR, SL Young. Best 

practices for developing and validating scales for health, social, and behavioral 
research: a primer. Front Public Health 2018;6:149 . 

34] US Food and Drug Administration: Center for Drug Evaluation and 

Research, Center for Biologics Evaluation and Research, Center for 
Devices and Radiological Health. Guidance for industry patient-reported 

outcome measures: use in medical product development to support 
labeling claims. 2009 [cited 2022; Available from: https://www.fda.gov/ 

regulatory-information/ . 
35] Ikenaga C, Findlay AR, Seiffert M, Peck A, Peck N, Johnson NE, et al. Phenotypic

diversity in an international cure VCP disease registry. Orphanet J Rare Dis 

2020;15:267 . 
36] Johnson MA, Klickstein JA, Khanna R, Gou Y, Consortium Cure VCP Disease 

Research, Raman M. The Cure VCP Scientific Conference 2021: molecular and 
clinical insights into neurodegeneration and myopathy linked to multisystem 

proteinopathy-1 (MSP-1). Neurobiol Dis 2022;169:105722 . 
37] Korb M, Peck A, Alfano LN, Berger KI, James MK, Ghoshal N, et al. Development

of a standard of care for patients with valosin-containing protein associated 

multisystem proteinopathy. Orphanet J Rare Dis 2022;17:23 . 
38] Mayhew A, Cano S, Scott E, Eagle M, Bushby K, Muntoni F, et al. 

Moving towards meaningful measurement: Rasch analysis of the north star 
ambulatory assessment in Duchenne muscular dystrophy. Dev Med Child 

Neurol 2011;53:535–42 . 
39] Mazzone ES, Messina S, Vasco G, Main M, Eagle M, D’Amico A, et al. 

Reliability of the north star ambulatory assessment in a multicentric setting. 
Neuromuscul Disord 2009;19:458–61 . 

40] Werlauff U, Fynbo Steffensen B. The applicability of four clinical methods to 

evaluate arm and hand function in all stages of spinal muscular atrophy type 
II. Disabil Rehabil 2014;36:2120–6 . 

41] James MK, Alfano LN, Muni-Lofra R, Reash NF, Sodhi J, Iammarino MA, 
et al. Validation of the north star assessment for limb-girdle type muscular 

dystrophies. Phys Ther 2022;102 . 
42] Mazzone ES, Mayhew A, Montes J, Ramsey D, Fanelli L, Young SD, et al. 

Revised upper limb module for spinal muscular atrophy: development of a 

new module. Muscle Nerve 2017;55:869–74 . 

http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0005
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0006
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0007
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0008
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0009
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0010
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0011
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0012
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0013
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0014
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0015
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0016
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0017
https://doi.org/10.3390/children5060078
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0019
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0020
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0021
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0022
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0023
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0024
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0025
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0026
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0027
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0028
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0029
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0030
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0031
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0032
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0033
https://www.fda.gov/regulatory-information/
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0035
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0036
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0037
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0038
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0039
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0040
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0041
http://refhub.elsevier.com/S0960-8966(23)00031-7/sbref0042

