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Pedometers and accelerometers have become commonplace for the assessment of physical behaviors (e.g.,

physical activity and sedentary behavior) in multiple sclerosis (MS) research. Current common applications include

the measurement of steps taken and the classification of physical activity intensity, as well as sedentary behavior,

using cut-points methods. 
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1. Introduction

Wearable motion sensors, namely pedometers and accelerometers, have been instrumental in improving the

assessment of physical behaviors in research studies, especially physical activity, sedentary behavior, and sleep.

Of note, data collected with these devices have allowed for a better understanding of the associations between

physical activity and health outcomes in different populations . Within the field of multiple sclerosis (MS), the use

of wearable motion sensors for measuring physical activity behavior has advanced significantly over the last two

decades .

The growing use of wearable motion sensors in MS is a result of physical activity being currently recognized as an

essential therapeutic component , as it has been consistently associated with beneficial effects for MS symptoms

and function . Physical activity is traditionally defined as any bodily movement produced by the contraction of

the skeletal muscles that results in increased energy expenditure , whereas sedentary behavior is defined as any

waking activity performed in a seated, reclined, or lying position with an energy expenditure ≤1.5 MET . To date,

the majority of studies on motion sensors in MS have focused on examining the validity and/or reliability of

pedometers and/or accelerometers in assessing steps taken and physical activity-related metrics, such as energy

expenditure or time spent in sedentary behavior and different physical activity intensities . These applications

have allowed for significant progress in understanding how device-measured physical activities and sedentary

behaviors are related with health in persons with MS. However, there are major opportunities and possibilities for

further applying wearable motion sensors and exploring the resulting data for identifying signatures representing

free-living physical function and mobility status in MS.

2. Applications of Motion Sensors in MS

2.1. Physical Activity Assessment
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The majority of the current wearable motion sensors are of small size, can be placed on different body parts, and

use piezoelectric, piezoresistive, or capacitive sensing mechanisms . The most commonly used wearable motion

sensors in MS have been pedometers and accelerometer-based activity monitors . These devices allow for the

collection of different measures related to physical activity, such as number of steps, step-rate, kcals/min, raw

acceleration (g-force), and activity counts. Studies have tested the validity and reliability of these devices in MS

and have developed physical activity prediction methods specifically for this group of people.

Overall, most pedometers have been demonstrated to be accurate in recording steps during regular and fast

walking speeds in MS . Regarding slow walking speeds (e.g., ≤54 m/min), piezoelectric- or accelerometer-

based pedometers are more accurate than spring-levered pedometers . Of note, accuracy of pedometers in

persons with MS depends on the disability level, with a higher measurement error occurring for those with severe

MS disability, as demonstrated by Sandroff et al. , where the accuracy of the ActiGraph GT3X activity monitor

decreased from 95.5% to 87.3% relative to manually counted steps. Conversely, the StepWatch, which is a gold-

standard device for capturing steps in clinical populations, only demonstrated a very small decrement in accuracy

during slow walking speeds in persons with severe MS disability (99% to 95.7%, relative to manually counted

steps) . Such results denote that the StepWatch may better differentiate the mobility status in free-living

situations than the ActiGraph GT3X if step is the metric of interest. The high accuracy of the StepWatch establishes

it as a reference method that can be used to validate other pedometers under free-living conditions , since there

is a lack of such devices that have truly undergone ecological validity testing.

Regarding accelerometry, researchers have traditionally applied cut-points to classify physical activity intensity in

MS . This method involves the translation of accelerometer output into meaningful metrics of physical activity, a

process termed calibration, wherein researchers establish the relationship between accelerometer output (i.e.,

counts/minute) and energy expenditure (i.e., metabolic equivalents (METs)) . Within the field of MS, several

disturbances in physical function, including altered gait parameters (e.g., walking velocity, cadence, step length,

and stride length), result in a higher oxygen cost (O  cost) during ambulation, compared with the general

population , and this manifests as higher MET values per a given number of activity counts per minute. To

address this issue, two studies  have established accelerometer cut-points for fully ambulatory persons with

MS, and another study  has derived cut-points for persons with MS according to disability status. Accounting for

the disability status is important because it identifies differences in the relationship of accelerometer output with

oxygen cost for the activities, and further because as disability increases, locomotion speed tends to decrease. As

demonstrated by Sandroff et al. , for individuals with mild disability, slow, comfortable, and fast walking speeds

were 2.22, 2.84, and 3.21 mph, whereas for individuals with severe disability, the speeds for the same categories

were 0.97, 1.40, and 1.74 mph, respectively. Thus, it becomes clear that one should not apply the same cut-points

for individuals with different disability statuses, as the functional capacity is highly different, meaning that the cut-

points for individuals with mild MS disability will be too high for individuals with severe MS disability. This indicates

that researchers should not apply cut-points developed for the general population among individuals with MS. The

MS-specific cut-points have been important for improving the understanding of associations between physical

activity and different health outcomes in MS , both in observational and experimental studies .
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2.2. Sedentary Behavior Assessment and Interruption

Sedentary behavior assessment in MS has gained attention because of its negative associations with health

outcomes . Accelerometers allow for capturing the total time spent on sedentary behavior, and further, the

number of breaks in such behavior, as well as the durations of these breaks. Some current motion sensors and

prediction algorithms allow for the detection of postural transitions (e.g., sit-to-stand or vice versa), and this may

provide an indication of lower body function under free-living conditions .

Studies using accelerometers suggest that persons with MS with mobility disability spend 65% (8.9 h/day) of their

daily time in sedentary behavior, compared with 60% (8.4 h/day) for those without mobility disability . The

number of bouts in sedentary behavior lasting more than 30 min was slightly higher in persons with MS with

mobility disability compared with those without mobility disability (5.1 vs. 4.3 bouts, p = 0.02) . Accelerometer

data further indicate that sedentary behavior is higher in older adults with MS compared with middle-aged and

young adults with MS , and that longer durations of sedentary bouts partially correlate with lower physical and

cognitive functions in older adults with MS . These studies have been instrumental for establishing the

deleterious associations of sedentary behavior with mobility disability and health outcomes in MS. However, the

studies lack the power for inferring causal relationships. One next step in studies using accelerometers to examine

sedentary behavior in MS is to apply such devices longitudinally for long periods of time, comprehending periods of

relapses and/or disease worsening, allowing for a better understanding of how mobility disability, as well as

physical and cognitive functions, relate to changes in sedentary behavior over time.

Besides only monitoring sedentary behavior, wearable motion sensors may be applied for promoting interruptions

of prolonged sitting in MS. Some devices, such as the activPAL, already present buzzing features for alerting

individuals about interrupting sitting at given intervals (e.g., hourly or every two hours). These prompting signals

may help with examining the potential health benefits of interrupting sedentary time and replacing it with light or

moderate physical activity . Therefore, in addition to only monitoring physical behaviors, motion sensors may

be used to reduce sedentary behavior and increase physical activity in MS.

3. Opportunities for Using Motion Sensors in MS

3.1. Biomarkers of Disease Severity and Progression

Overall, the field has witnessed substantial progress in using wearable motion sensors for assessing physical

activity and sedentary behavior in MS. As the technology for the devices and data processing methods are

evolving, new opportunities for assessing physical behaviors and clinical outcomes have emerged. Motion sensor

data have the potential for tracking disease progression and severity based on the ecologically valid assessment of

physical function and mobility . Such an approach would bring additional information to existing laboratory-based

tests.
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There is evidence that free-living accelerometer data may be related to performances on different mobility tests.

Studies have indicated that ActiGraph 7164 activity counts were strongly correlated with walking speed (r = 0.82)

 and mobility measures, such as the 6 min walk test (ρ = 0.78), and the Timed Up and Go test (ρ = −0.68) .

Similarly, pedometer output (step counts) has been correlated with measures of walking performance, mobility, and

disability over a 7-day period (EDSS (ρ = −0.90), Multiple Sclerosis Walking Scale-12 (MSWS-12; ρ = −0.83),

Timed 25-Foot Walk (ρ = −0.64), Timed Up and Go test (ρ = −0.51), and 6 min walk test (ρ = 0.67)) .

Those results provided a proof-of-concept that free-living accelerometer data may be related to physical function,

and recent evidence suggests that unsupervised assessments are necessary for acquiring real-world mobility data

. This is especially true, because gait characteristics from shorter walking bouts during daily living appear to

be more informative about the disability level than longer bouts that are typically applied in laboratory-based tests

. This reinforces the need to further collect motion sensor data in the free-living setting. With evolving

technology, it may be possible in the future to collect data continuously without the need for researchers to only

collect data at selected periods.

3.2. Smart Systems for the Integration of Researchers, Clinicians, and Persons
with MS

Smart systems for the ongoing monitoring of physical behavior among those with MS are essential for establishing

and using biomarkers for the early detection of disease progression, and consequently, for effective and timely

interventions for disease management . These smart systems could record real-world accelerometer and IMUs

data continuously, with minimal burden for the end-users . Additionally, smart systems should meet the demands

of researchers, clinicians, and end-users (persons with MS), and allow for a more integrated and inclusive disease

management approach.

In a clinical perspective, the continuous monitoring of free-living walking and physical functions may provide

clinicians with important ecological information on individuals who need immediate attention to prevent the

worsening of their mobility status, as well as their disease progression. Conversely, researchers need data on the

continuous monitoring of free-living physical behavior in order to develop more accurate methods/algorithms for

predicting mobility and physical function outcomes, as well as disease progression. This can in turn be used by

health professionals to improve clinical practice and disease management in MS by improving decision making,

time of decisions, and strategies for mitigating or reversing deterioration in mobility, physical function, and disease

course.

The integration of researchers, clinicians, and MS may be accomplished with digital cloud storage and computing

technology, whereby motion sensor data for persons with MS are constantly collected, uploaded to the cloud, and

processed remotely via algorithms implemented in servers, with outcomes and alerts being automatically sent to

researchers and clinicians. Researchers may use the data to continuously improve the algorithms, whereas

clinicians may use the data to improve clinical practice, providing personalized medicine to patients. Ultimately, this
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circle of constant feedback leads to better care for those with MS. Figure 1 illustrates the structure of such a

system.

Figure 1. Illustration of the structure of a smart system for integration of researchers, clinicians, and people with

multiple sclerosis. End-user motion sensor data are continuously uploaded to the cloud and processed via

algorithms embedded in the cloud. Researchers use the data for algorithm improvement. Clinicians monitor

patients remotely and deliver interventions as needed.
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