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Abstract

Sarcopenia is the age-related loss of muscle mass and strength that is associated with adverse 

health outcomes. Resistance-based exercises are effective for mitigation and enhancement of 

strength; however, adherence is low and challenging to measure when patients are at home. 

In a single-arm, pilot study of seven older adults, we conducted a field-based usability study 

evaluating the feasibility and acceptability of using a system consisting of a Bluetooth-connected 

resistance exercise band and tablet-based app which together we call BandPass in completing four 

different home-based exercises. The system measured a total of 147 exercises by participants with 

a mean duration of 94±66 seconds, completing an average of 30±20 repetitions. Though not all 

patients completed each exercise type, patients were positive about use: patient activation measure: 

80.7±14; system usability scale: 6.9±2.9; and confidence in use: 7.7±2.7. The BandPass system 

demonstrated its ability to collect data on exercise type, force during an exercise, and duration of 

exercise when older adults use it for monitoring exercise at home.
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1 Introduction

Sarcopenia is the loss of muscle mass and strength with aging and has been associated with 

increased risk of morbidity and mortality.[1] The etiology of sarcopenia is complex, yet 

resistance based exercises have been found to mitigate its development and progression by 

maintaining physical function.[2] Typically, these exercises are prescribed and conducted in-

person so the therapist can monitor it.[3] Though there is clear efficacy for these treatment 

strategies, nearly 40% of patients do not adhere to these regimens at home decreasing the 

potential efficacy.[4] Currently there is no method to measure the extent of or even if an 

exercise was completed. Mobile health (mHealth) could provide adherence and feedback 

information to the patient and the clinician for exercises completed at home. Here, we test 

a previously developed Bluetooth-connected resistance exercise band and associated app - 

BandPass - in older adults to assess their usability, feasibility, and acceptability in the home 

setting.[5, 6].

2 Methods

2.1 Study Design, Population, and Data Collection

Adults aged ≥65 years were recruited through a primary care clinic at Dartmouth-Hitchcock 

(DH) in Lebanon, NH. Participants were given a BandPass, a Samsung Galaxy Tab A tablet 

with a custom app installed, and instructions on how to use both.[8, 9] Participants were 

shown how to complete each of the four exercises (arm-lift, bicep curl, seated row, and 

triceps extension) and asked to complete them once a week for a month. Dartmouth/DH 

Committee for the Protection of Human Subjects and IRB approved the study. For each 

participant, the following data were collected through BandPass: when each exercise 

occurred; the duration of each exercise; the force exerted during the exercise; the type 

of exercise selected; and the Borg scale of perceived exertion of the exercise. Data from 

BandPass system were stored in a NoSQL cloud database. Participants also completed: 1) 

patient activation measure (PAM) scaled 0-100; 2) system usability scale (SUS) 0-10; 3) 

confidence in use 0-10; and 4) Willingness to Pay (WTP) for the device and app ($0-10, 

$11-20, $21-30, $31-40, $41-50, >$50). These questionnaires were electronically delivered 

using RedCAP at 4 weeks after enrollment. In all, higher values indicate favorability.

2.2 Analysis

We calculated mean and standard deviations for each for PAM and SUS scores. For 

each exercise, we calculated the correlation, Pearson’s r, between total repetitions, length 

exercising, and perceived exertion, each pairwise. We also examined the association between 

repetitions and perceived exertion through a linear mixed effects model, controlling for the 

exercise type and individual correlation. Data analysis in R v3.6.2.

3 Results

Seven participants (57% female), all white non-Hispanic, had a mean age 74±4 years. 

Three of the four exercises (arm-lift, bicep curl, and seated row) were completed by all 

participants. Over the study, the BandPass system collected force data on 147 exercises of 

the 112 expected: 36 (24%) arm-lift, 49 (33%) bicep curl, 36 (24%) seated row, and 26 
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(18%) triceps (Figure 1). Patients were positive about the system’s use reporting moderately 

high scores in PAM: 80.7±14, SUS: 6.9±2.9, and confidence in use: 7.7±2.7. Patients would 

pay a median of $31-40 for the BandPass system. We found a large correlation between 

repetitions and length of exercise (r=0.72, p<0.001), and moderate correlation of each with 

Borg scale (r=0.49 [p<0.001], r=0.54 [p<0.001]). This positive relationship was maintained 

through a mixed effects model (β=0.03, p<0.001). Finally, we also found differences in the 

number of repetitions, and duration of exercises (Figure 1).

2 Discussion

Remote monitoring of rehabilitation exercises offers patients with sarcopenia and their 

providers a method to examine adherence and changes in strength. In this pilot study, 

we demonstrated that an mHealth connected resistance band can automatically collect and 

detect when exercises are completed, the force exerted during the exercise and subjective 

data about each exercise longitudinally. The PAM survey indicated that patients felt highly 

activated to take on self-management behaviors and make lifestyle changes. Participants 

were relatively confident in use. Together with moderate SUS, TAM, and willingness to 

pay, these results indicate that patients believe the system can help them yet it is unclear 

on how acceptable its use is or efficacy as a therapeutic tool, requiring further investigation. 

Together with moderate SUS, and willingness to pay, these results indicate that patients 

believe the system can help them yet it is unclear on how acceptable its use is or efficacy as 

a therapeutic tool, requiring further investigation. Older adults completed the four exercises 

at unequal proportions and one participant did not complete any triceps extension suggesting 

that they were either too easy, too difficult, or not equally understood. This information 

suggests a need to revise our instructions. Further, our ability to capture these differences 

in the data demonstrates it is an easily monitored component of the therapeutic plan. The 

positive association between perceived exertion, the number of repetitions, and length of 

the workout is of note. Participants were provided bands that may have been too ‘easy’ 

for them; hence, it is important to ascertain the need to graduate to a higher resistance 

band. This study is not without limitations. First, this study was interrupted by the spread 

of SARS-CoV-2 limiting the intended recruitment of ≥14. We are not able to determine 

if participation was impacted by the pandemic. Second, we deliberately did not assess the 

efficacy of its use in increasing muscle strength at this stage of prototype development. 

Third, the participants in this study do not represent the broader United States population 

and future work will recruit a larger diverse cohort. Overall, data on all exercises, from 

all designed sources were collected for each patient each time an exercise was performed 

demonstrating that BandPass and app are feasible for at home use.
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Figure 1: 
Force over the course of each exercise using the BandPass system
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