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Abstract
Objective: Motor-assisted movement exercisers (MME) enable device-assisted physical therapy delivered
in domestic settings. This observational study captures the frequency of MME use, subjective experience
of the therapy provided and MME recommendation. 

Method: The prospective cohort study was implemented at ten ALS centres (02/2019-10/2020) and
coordinated by the research platform Ambulanzpartner. Participants assessed symptom severity,
frequency of use and subjective bene�t of therapy on a numerical rating scale (NRS, 0 to 10 points). The
likelihood of recommending the MME was determined by the Net Promotor Score (NPS). 

Results: Data for 144 participants were analysed. Weekly MME applications ranged from 1 to 4 in 41%, 5
to 7 in 42% and >7 in 17% of participants. Particularly positive results were achieved in the following
domains: ampli�cation of a sense of achievement (67%), diminution of the feeling of having rigid limbs
(63%), diminution of the feeling of being immobile (61%), improvement of general wellbeing (55%) and
reduction of muscle stiffness (52%). Participants with more pronounced self-rated muscle weakness were
more likely to note a bene�cial effect on preservation and improvement of muscle strength under MME
treatment (p<0.05). The NPS for the MME was high (+61).  

Conclusion: High-frequency MME-assisted treatment (de�ned as a minimum of �ve sessions a week)
was administered in the majority of participants (59%) in addition to physical therapy. Most patients
stated to have achieved their individual objectives of MME intervention as evidenced by a high level of
satisfaction. The results underline the justi�cation for extended MME treatment as part of the ALS care
concept.

Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that affects motor neurons and
therefore causes muscular atrophy and changes in muscle strength and tone. The most common disease
presentation is limb onset which is found in about two-thirds of people living with ALS. Almost each one
of them experiences muscle weakness and stiffness of the arms and legs as the disease progresses (1).
While ALS is an inevitably progressive degenerative disease, the provision of assistive devices (2) and
physiotherapy are recommended and well established measures (3). There is a variety of individual
therapeutic approaches, from strengthening and stretching of muscles, regulation of muscle tone to pain
management and prevention of falls (4). There are no uniform therapy regimens given the variability
among ALS disease courses. Multiple trials recommend regular moderate muscle strengthening training
and aerobic exercises at submaximal effort (3). In addition to the positive effects on physical
functionality, preclinical studies have demonstrated neuroprotection and prolonged motor neuron survival
(5).

In ALS, the bene�ts of a mobility routine in combination with low to moderate intensity cycling exercises
have already been demonstrated (6). As motor-assisted movement exercisers (MME) have already proven
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bene�cial in other neurological diseases (7–9) they have hence been integrated into the standard of ALS
care. The training options provided by an MME encompass active (muscle power), passive (motor power)
and assistive (muscle and motor power) training for both arms and legs. The perceived bene�ts are a
strengthening of muscle groups, reduction of spasticity and support of the cardiovascular system (7, 8).
In addition, an MME mobilises the entire musculoskeletal system including joints and tendons while
eliciting sensory inputs which in turn enhances sensorimotor feedback (10, 11).

In Germany, people with ALS can be provided with assistive devices and technology, such as an MME, all
of which can be used at home and complement physiotherapy. While this is part of standard care, the
provision of prescription exercise devices is dependent on a patient’s individual medical situation. To
date, there have been no systematic studies on the utilisation and provision of the MME in ALS.

The aim of the present observational study, therefore, was to identify the provision and utilisation
situation including the patients’ attitude towards using an MME.

For this study, we established the following hypotheses: (I) There is a correlation between frequency of
use of the MME and self-reported symptoms (muscle stiffness and muscle strength). (II) The higher the
frequency of use, the more participants report bene�ts in their self-assessment. (III) There is a correlation
between the recommendation of the MME and the frequency of use or other clinical or epidemiological
data.

Materials And Methods

Study design
A prospective multicentre observational cohort study was conducted at 10 specialised ALS treatment
centres in Germany between February 2019 and January 2021. The study is reported according to the
STROBE criteria (12).

Participants
Subjects meeting the following criteria were included in this study: possible, probable or de�nitive
diagnosis of ALS according to the revised El Escorial criteria (13), medical indication for domestic use of
an MME, provision of an MME via the case management network Ambulanzpartner Soziotechnologie
(APST) (2, 14–16) and provision of informed consent for participation in the study. Participants with
other severe life-limiting diseases or with clinically signi�cant cognitive impairment were not eligible for
this study.

Ethical approval and consent to participate
The study is in accordance with relevant guidelines and regulations and has been approved by the
Medical Ethics Committee of Charité - Universitätsmedizin Berlin, Germany under code EA1/219/15.
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Subjects were supplied with information on the study, both verbally and in writing. Informed consent was
obtained from all subjects.

Setting

Case management
Prior to the study, all of the 10 contributing specialised ALS centres had already joined the APST
multicentre case management network where the established routine process is as follows: ALS-trained
neurologists de�ne the medical indication for MME therapy to be embedded in the standard of ALS care.
APST case managers then notify providers of a patient’s need for this device. Upon delivery, participants
are granted a four-week trial period, after which individual recommendations for a therapy regime are
determined in close consultation with ALS-trained neurologists, physical therapists and providers of
assistive devices. In Germany, the outcome of the trial period determines whether or not the costs incurred
will ultimately be absorbed by a patient’s health insurance company. Due to the non-interventional design
of the present study, a general recommendation for MME use was issued while patients were not given a
recommendation as to the speci�c exercise routine to be followed.

Assessment and data capture
Case report forms were issued to neurologists, study coordinators and study assistants for the purpose of
assessing clinical and demographic data while both print and online questionnaires and structured
interviews were realised via the digital research platform APST for the purpose of assessing patient-
reported outcomes.

Variables

Demographic and clinical data
The demographic and clinical data collected included gender, age at symptom onset, disease duration,
type of ALS and the self-administered ALS Functional Rating Scale-revised (ALSFRS-R) (17). The
ALSFRS-R is a validated and widely used instrument that assesses the �ne and gross motor functions of
the arms and legs, bulbar function and ventilation. It comprises 12 short questions with 5 anchor points
(0-4) as response options. The scale spans 0 to 48 points in total with the bottom end of the scale
re�ecting low functionality and more pronounced disease severity. A monthly decline in ALSFRS-R points,
or delta ALSFRS-R, is indicative of the rate of deterioration and has prognostic signi�cance (18).

Self-assessment of symptoms of muscle stiffness and
muscle weakness
We intentionally used the terms "muscle stiffness" and "muscle weakness" to capture ALS symptoms as
this re�ected how participants evaluated their symptoms as they perceived them individually. What
participants rated did not necessarily correspond to the clinical picture of spasticity and paresis. Arms
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and legs were assessed separately on a numeric rating scale (NRS) where a score of 0 signi�es no
stiffness/weakness while a score of 10 signi�es most pronounced stiffness/weakness.

Use of the MME
The frequency of MME use was delineated as follows: once or twice a week, 3 to 4 times a week, 5 to 7
times a week, 8 to 10 times a week and more than 10 times a week.

Recommendation of the MME
The Net Promoter Score (NPS) was the instrument used to evaluate the participants’ attitude towards the
MME and their overall recommendation rates (19, 20). Originally, a tool created in customer relations
management, the NPS has since been explored further and applied as an evaluation instrument in
various clinical settings (16, 21–23). Adapted to our study objective, the NPS was calculated based on
responses to the question: “How likely is it that you would recommend the MME to another friend or
patient who is affected with ALS?”

Based on an 11-point Likert scale from 0 (recommendation absolutely unlikely) to 10 (recommendation
highly likely) points, participants who gave the MME a 9 or a 10 were considered "promoters" (likely to
recommend), those who gave it 7 or 8 points were considered "indifferent" and responders who gave the
MME 6 to 0 points were considered "detractors" (unlikely to recommend). Finally, the percentage of
detractors was subtracted from the promoters to ascertain the �nal score. In general, a group with a
positive NPS is regarded as supportive and results over 50 are considered excellent (20). To avoid
categorisation di�culties, an alternative is to omit the NPS calculus and merely report the average value
that corresponds to the recommendation (19).

For the purpose of this study, we analysed the NPS for the total of participants as well as for individual
groups according to gender, age, disease severity and frequency of use.

Domain-oriented participants’ experience with the MME
To capture a participant’s subjective impact of the MME on the various domains under treatment, an
expert team of ALS neurologists and scientists with expertise in ALS care and observational studies
developed statements around nine items. Based on our clinical experience the wording was aligned so as
to re�ect how a patient might perceive the changes that may occur in ALS. Therefore, we deliberately
avoided medical-scienti�c terms such as spasticity, contractions or joint locking. The domains thus
speci�ed were: 'preservation of muscle strength', 'improvement of muscle strength', 'reduction of muscle
stiffness', 'reduction of tendon shortening', 'diminution of the feeling of having rigid limbs', 'diminution of
the feeling of being immobile', 'ampli�cation of a sense of achievement', 'improvement of sleep quality'
and 'improvement of general wellbeing'. The question we asked the patients was, “How do you rate the
bene�ts you personally gained with the MME? Please specify for each domain.” Participants could
express their agreement or disagreement by giving each statement between 0 (no impact) and 10 points
(best possible impact) on a Likert-scale.
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Statistical methods
Data were analysed with IBM SPSS Statistics (Version 25.0). Descriptive analyses were performed to
compare frequencies within the parameters assessed. Results were expressed as means (± SD) if
distribution was normal and as medians if numerical data were visualized or if distribution was non-
Gaussian. Signi�cant differences between the parameters and, respectively, subgroups of nominally
scaled data were assessed by applying contingency tables and Chi-square test. A statistically signi�cant
difference of paired samples was analysed by a t-test. The Wilcoxon test was employed for the analysis
of statistical power of ordinally-scaled data, while metric data were subjected to the t-test. Correlational
analysis was performed with Spearman's Rho because of the ordinal nature of the scales. For the
comparison of the parameters weakness and stiffness, a ratio of both was formed for each participant.
For group differences of nonparametric data, the Mann-Whitney U test was performed for two
independent samples and the Kruskal-Wallis one-way analysis of variance for independent samples of
three or more. Statistical signi�cance was ascertained according to an error risk of up to 5% (p-value <
0.05).

Results

Sample characteristics
Within the observation period, APST case managers initiated the provision of an MME to 237 patients, all
of whom were subsequently invited to participate in the study. Ultimately, the respective study centres
enrolled 144 patients in total.

Demographic data and clinical characteristics
The gender distribution (male:female) was 1.5:1, which is a common distribution in ALS (24, 25). The age
of ALS onset was within the general range of prevalence in the ALS population (59.9 years SD 11.5) (26).
At the time of initial MME use, the average disease course was 37.3 months (3.1 years). The survey was
conducted after an average usage time of 8.2 months (SD 10.9), at which point in time the degree of
impairment was severe at 27.2 ALSFRS-R points (SD 9.8) and disease progression was equivalent to a
loss of 0.7 points per month.

Self-assessment revealed that 83.7% of participants experienced muscle stiffness in both the legs and
arms and almost all (97.1%) experienced weakness of the extremities. The results showed that both
muscle stiffness and weakness were more pronounced in the legs. Only 17% of all patients reported
exclusively either one of these symptoms.

In total, muscle weakness was signi�cantly higher than muscle stiffness (p < 0.001). Weakness
correlated with disease severity, as measured by the ALSFRS-R (p <0.001; correlation coe�cient = 0.4)
whereas no such correlation could be established with regard to muscle stiffness. Further information on
demographic and clinical characteristics are presented in Table 1.
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Table 1

Demographic and clinical characteristics of the cohort

Characteristics Classi�cation Total cohort, 

n=144

Sex female, % (n) 36.8 (53)

  male, % (n) 63.2 (91)

Age  at onset, years, mean (SD, R) 59.9 (11.5; 25.8-
81.5)

  at time of use of MME†, years, mean (SD, R) 62.1 (11.1; 29.6-
82.8)

Disease dura tion at time of use of MME†, months, mean (SD,
R)

37.3 (49.7; 3.0-
513.0)

Disease progression mean (SD, R) 0.7 (0.6; 0.0-2.8)

ALS-FRS-R score (max. 48) at time of survey, mean (SD, R) 27.2 (9.8, 1.0-40.0)

Presence of muscle stiffness total, yes, % (n) 83.7 (113)

in lower extremities, % (n) 73.5 (97)

in upper extremities, % (n)  69.6 (94)

Severity of muscle stiffness‡ mean (SD, R) 3.7 (2.7, 0-9)

  in lower extremities, mean (SD, R) 4.0 (3.2; 0-10)

  in upper extremities, mean (SD, R) 3.4 (3.1; 0-10)

Presence of muscle
weakness

yes, % (n) 97.1 (133)

in lower extremities, % (n) 94.1 (127)

in upper extremities, % (n)  91.8 (123)

Severity of muscle
weakness‡

Total, mean (SD, R) 4.6 (2.3; 0-10)

  in lower extremities, mean (SD, R) 4.8 (2.8; 0-10)

  in upper extremities, mean (SD, R) 4.3 (2.8; 0-10)

Abbreviations: n, number of participants; SD, standard deviation; R, range; ALS-FRS-R, Amyotrophic
Lateral Sclerosis Functional Rating Scale, revised; MME, Motor-assisted movement exerciser.

† Disease duration at the time of the initial use of the MME.

‡ Severity of muscle stiffness/weakness was assessed by using the numeric rating scale (NRS) with
the allocation 0 meaning no stiffness/weakness to 10 meaning strongest stiffness/weakness.
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Use of motor-assisted movement exerciser (MME)
At the time of conducting the survey, the majority of participants (n = 138) were exercising on the MME at
least 5 times a week (59.4%, n = 82). Still, 17.4% of participants surveyed (n = 24) were using the MME
more than once a day on some days (≥ 8 times per week; Figure 1).

Only two participants (1.4%) had not yet started using the MME and another two participants (1.4%) were
no longer been able to use it due to disease progression.

MME recommendation
71.6% of the responders (n = 101) strongly recommended the MME (9 to 10 points). 17.7% (n = 25) were
indifferent (7 to 8 points) and 10.6% (n = 15) did not issue a recommendation (0 to 6 points). The NPS
was +61 (Figure 2).

A further analysis of the frequency of MME use showed that participants who used the device at least 5
days a week (5 to 7 times a week) and several times a day (> 7 times a week; Figure 3) on some days
were more likely to recommend the exerciser than the others.

Interestingly, recommendation rates did not differ signi�cantly among participants who reported either
greater stiffness or greater weakness of the extremeties. Women were more likely to recommend the MME
than men (NPS: 67 vs. 58, p = 0.019). Participants over 60 years of age reached a higher NPS than
younger responders, however, this �nding was not of statistical signi�cance (NPS: 65.5 vs. 54, p = 0.58).
Disease severity, as measured by the ALSFRS-R, did not have a signi�cant impact on MME
recommendation rates (ALSFRS-R groups subdivided by mean value: ≤ 27 vs. > 27: NPS 68 vs. 59; p =
0.531).

Domain-oriented participant experience
The following percentages depict the highest impact on speci�c treatment areas as described by
participants and as re�ected by a score of 7 to 10 (Figure 4; (in descending order): ampli�cation of a
sense of achievement (67%), diminution of the feeling of having rigid limbs (63%), diminution of the
feeling of being immobile (61%), improvement of general wellbeing (55%), reduction of muscle stiffness
(52%), improved muscle �exing ability through stretching of tendons (45%), preservation of muscle
strength (39%), improvement of sleep quality (27%) and improvement of muscle strength (20%).

There was a correlation between the reported overall bene�t of MME treatment and frequency of MME
use. It was highest among participants with more than 7 exercise sessions a week. A signi�cant
correlation was found between frequency of use and the domains “reduction of muscle stiffness”,
“diminution of the feeling of having rigid limbs”, “diminution of the feeling of being immobile” and
“improvement of general wellbeing” (Figure 5).

Participants with severely stiff limbs did not express a preference for speci�c MME characteristics.
Participants with higher self-rated muscle weakness were signi�cantly more likely to see the bene�cial
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effects of the MME on the preservation and improvement of muscle strength (p < 0.05). The different age
and gender groups reported similar experiences in all domains.

Although participants with greater weakness of the extremities gave higher ratings for overall
improvement of muscle strength with the MME, this applied predominantly to the earlier stages of the
disease as measured by the ALSFRS-R (p < 0.05).

Discussion

Sample selection, demographic and clinical characteristics
The motor-assisted movement exerciser (MME) facilitates device-assisted physical therapy in a home
setting to treat motor symptoms of the extremities in people with ALS and other neurological diseases.

At 144 participants with a con�rmed diagnosis of ALS, this study presents the largest cohort to date in
the investigation of user satisfaction with MME treatment and therapeutic e�cacy. This substantial
number is representative of the general ALS population in terms of gender distribution, age at onset and
disease progression rate. Furthermore, the multicentre study design re�ects the broad base across which
the digitally supported APST care network operates. The selection criteria for participants included the
medical indication for an MME and involvement in the care network, an offer that is primarily available at
specialised ALS centres.

At 37 months at initiation of treatment, the mean ALS disease duration was notably long considering an
average survival time of 3 to 4 years after symptom onset (25, 26). This may explain the high level of
disease severity at the time of conducting the survey, i.e. another 8 months after initial MME treatment.
This, of course, raises the question of what would be the ideal point in time for issuing a prescription for
the device and of when and how the provision process ought to be started. As found in a previous study,
provision failure rates are high (47%) and, at 110 days, the latency between the establishment of the
medical indication for the assistive device and its actual provision is remarkably high (2). There are
several barriers to an early initiation of therapy, such as delayed determination of the indication or a time-
consuming intensive payer-side review of the indication prior to reimbursement. As one of the guiding
objectives in the treatment of ALS is the preservation of functionality, exerciser-based treatment should
be considered right at the initial onset of symptoms in the affected extremity to counter the detrimental
effects of the disease. Our clinical experience supports this assumption but we will need to conduct
further studies, preferably prospective in design, to provide conclusive clari�cation.

Self-assessment of symptoms and domains
We would like to stress that the self-reporting of symptom severity and prevalence was deliberately
subjective by design.

Clinical experience shows that individuals that are affected but have no spasticity also report muscle
stiffness, while the predominant presence of spasticity may also be perceived as weakness.
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Overall, muscle weakness was reported to be more severe and more frequent than muscle stiffness (97%
vs. 84%), and manifestations were more pronounced in the legs than in the arms. 83% of participants
reported presence of both symptoms. Interestingly, muscle weakness correlated with both disease
severity and progression rate whereas no such correlation could be established for muscle stiffness.
Although naturally, the self-reporting format of motor symptoms is as such subjective in nature, our
observations demonstrate the differential signi�cance of weakness and stiffness to disease progression.

Characteristics of MME use and use frequency
The MME provides patients with high-frequency, motor-assisted physical therapy in the comfort of their
own homes as an adjunct to physical therapy. It would be of interest to �nd out if access to standard
physical therapy was more di�cult to obtain for patients who were using the MME at a high frequency.
Especially in regions or at times with limited access to standard physiotherapy (e.g. during the COVID-19
pandemic), regular sessions with the MME can compensate for a lack of general exercise.

In our study, MME use was characteristically extensive, as the majority of participants had at least �ve
weekly exercise sessions. There was no correlation between the frequency of this routine and symptom
severity or ALS disease progression as measured by the ALSFRS-R. The participants did not specify all by
themselves how often they would use the MME. Each patient had been given an individual
recommendation by one of their attending therapists well before the device was provided. Further
adjustments were made over the course of treatment. These recommendations were issued
independently of the present observational study and were based on the individual user’s abilities and
aims. At any time, the participants were free to adapt both frequency and intensity to their speci�c
conditions. However, the sheer number of exercise sessions offers ample evidence of the good reception
this device has received.

Treatment recommendation and perception of MME
therapy
The domain-based user assessment showed a moderate bene�t on the preservation of muscle strength.
By comparison, participants gave higher ratings for the positive effect on stiffness. The domain of
“stiffness” included the item of ‘improved muscle �exing ability through stretching of tendons”.
Substantially reduced muscle �exing ability is a relevant problem in ALS as this leads to contractures and
can limit a patient’s range of movement even further.

Participants most often reported that the sensation of being immobile and having rigid limbs was
diminished and that they enjoyed a sense of accomplishment and improved general wellbeing. Those
participants who highlighted that their muscles were less stiff, that the feeling of having rigid limbs or
being immobile was diminished and that they felt better in general were the ones that used the MME
more often than others. The likelihood of perceiving a bene�cial effect of MME use on the preservation
and improvement of muscle strength was higher when participants rated their muscle weakness as more
severe and were in the earlier stages of the disease. In view of the fact that most participants were strong
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recommenders, although women and older participants more so, we come to the conclusion that the
bene�ts of use are not particular to one group or another, but rather a highly individual matter in the ALS
cohort. In this regard, separate assignment of MME treatment to muscle stiffness or weakness does not
appear reasonable.

Limitations

The present study results rely on the analysis of the participants’ subjective responses. Patient selection
was based on the individual indication for MME treatment, actual supply and willingness to participate in
the study. While this is implicative of a selection bias and constitutes a limitation of this study, the
sample size is such that the actual impact is not all that strong.

With regard to explicitness of results, we must certainly differentiate between evaluations performed by
patients and those by distinguished medical professionals. However, it was the very purpose of this study
to focus on the subjectivity of treatment effects, i.e. on the �ne interplay between the issue of
recommendations for device-based training and the personal experience and opinion of the patients
themselves.

Although de�nitive medical criteria for the diagnosis of ALS were applied in this study, the system
according to which symptoms were reported has not been validated. Therefore, all we were left with was
to analyse the patients’ subjective stance on the effectiveness of speci�c symptoms, i.e. the user
perspective. We will require further studies to de�ne the medically measurable effects of MME use on
speci�c functionalities.

Conclusion
This study demonstrates the high value that patients report deriving from the MME. Notwithstanding, the
distinction between muscle weakness and stiffness remains equivocal. The positive effects are described
separately for either cluster of symptoms; however, in reality, these can hardly be regarded separately. One
of the key characteristics of the MME is the integration of active and passive exercise, i.e. it allows for
motor-assisted and passive limb movement as well as for active exercise. Due to the severity and
progress of symptoms in ALS, most of the participants in this study would likely not have been able to
pursue the active exercise regime only. In view of this fact, the MME gains in both value and importance
in the range of therapeutic and assistive devices currently available to patients. It has the capacity to play
a crucial supportive role in the realm of neurological diseases such as ALS.

In conclusion, the bene�cial effects are perceptible beyond a merely functional level. The �ndings of
enhancement of wellbeing and resolve of perceived inactivity are consistent with reports from a previous
study (27).

Although the MME is a device that is indicated medically and has received positive user feedback, it is
frequently not supplied to patients. As for now, we can only speculate what this may be due to. To
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elucidate potential obstacles to early therapy implementation and a consistent provision process, further
studies are needed.
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Figures

Figure 1

Use of motor-assisted movement exerciser (MME).
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Figure 2

Recommendation of motor-assisted movement exerciser (MME). 

Figure 3

Recommendation of motor-assisted movement exerciser (MME) with respect to frequency of MME use.
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Figure 4

Domain-orientated participant experiences of the MME. 

Figure 5

Domain-orientated participant experiences with respect to frequency of MME.


