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Abstract - An accessible and reliable motor function assessment tool can be 

achieved by joining clinical scales and motion tracking devices. The Motor Func-

tion Measure (MFM) scale is composed of 32 items and validated for patients 

aged from 6 to 60 years with neuromuscular diseases. Its application is unques-

tionable for clinical monitoring of patients. In order to reduce scoring variability 

in the evaluation process and increase patient involvement during MFM applica-

tion, this work proposes a system prototype capable of capturing, recording and 

evaluating patient movements based on Kinect and Tablet technologies. An ani-

mation system based on a progressive narrative adapted to the MFM scale was al-

so implemented. 
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1 Introduction 

Neuromuscular diseases (NMD) group more than 200 disorders involving injury 

or dysfunction of the nerves or peripheral muscles. They present as a symptom 

progressive muscle weakness, very often resulting in loss of autonomy and need 

for medical care [1]. Epidemiological data show 25,392 people with MND regis-

tered in the Netherlands between 2004 and 2016 [2]. In France, an estimation of 

13,000 people have been affected with Steiner's dystrophy diseases alone, Myas-

thenia, facioscapulohumeral muscular dystrophy, and inflammatory myopathy [3]. 

The estimated cost of medical appointments, medications, direct and indirect care, 

and early retirement in the US, calculated for the three most common diseases 

(Amyotrophic lateral sclerosis, Duchenne muscular dystrophy, and myotonic dys-

trophy) are between $ 1.07 and 2.26 billion per year [4]. These results stimulate 

investment and research initiatives in treatment and care. 

 The procedure after a diagnosis of an NMD is a specialized and multidiscipli-

nary follow-up of the patients. For this, a full day, 1-2 times a year, is foreseen for 

consultations with different specialists, complementary exams, assessments, help 

with social and school integration, as well as guidelines [5]. Regarding evalua-
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tions, the focus is on the musculoskeletal system and functional impairment. The 

investigation of muscle performance is performed by physiotherapists, usually us-

ing motor function assessment scales [6]. 

The Motor Function Measurement (MFM) scale is a 32-items motor function 

scale validated for patients aged from 6 to 60 years with NMD [7]. It is a rigorous 

evaluation protocol with precise instructions on how the proposed movement 

should be performed. It allows clinical follow-up of the disease, anticipates patient 

adaptive needs and assesses the impact of therapies or interventions. 

The issue around the use of MFM is the same with any other scale: the variabil-

ity of results, which are dependent on the subjectivity of the evaluator [8,9]. In ad-

dition, and still within the context of NMD, there is sometimes a lack of coopera-

tion from younger patients during motor assessments, associated with tiredness 

due to the many tasks performed during the evaluation day. In this paper, authors 

propose the creation of an integrated system to improve reproducibility of evalua-

tions and patient engagement during MFM evaluations. The system makes use of 

low cost technology (motion sensor and digital tablet) and software designed for 

motion capture and analysis, animations and feedback, always respecting the 

MFM paradigms regarding the main users: physiotherapist and young patients.  

2 Review 

The ability to analyze movements is an essential prerequisite for motor function 

assessment. However, qualitative analysis, commonly used for motor scales are 

dependent on the observer's ability and don't allow the registration of quantitative 

variables [10]. The three-dimensional study of human movements offers the pos-

sibility of quantitative measurements, requiring appropriate methods and equip-

ment [11]. The democratization of technologies such as motion sensors and tablets 

has enabled new approaches to human motion analysis research. The sensors 

based on the Time-of-Flight principle (ToF) (Kinect V2 sensor for instance) using 

silhouette recognition techniques and calculation of a 3D numerical skeleton have 

shown great potential for applications in motor rehabilitation of balance disorders 

and postural control, except of upper limbs and neurological disorders [12, 13, 

14]. It also has good results for gait analysis [15,16], sign language analysis [17], 

sports training [18] and ergonomics [19]. 

In the case of Tablet, some studies have shown that technology has a great po-

tential for health applications. Easy portable and with robust media, the manipula-

tion of an interactive interface allows motor therapies for stroke patients [20,21] 

and fine hand and finger movement assessments [22, 23,24]. 

Another advantage of using these technologies, besides the low cost, is the use 

of open platforms, which enables the development of specific applications, such as 

games and animations for the purpose of assessment and motor rehabilitation. The 

use of serious games/animations has the advantage of creating a playful and inter-
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active environment, adaptable to the needs and interests of the user, being a moti-

vational and complementary tool for rehabilitation, evaluation and motor training 

[25, 26]. Within the design of serious games, it is essential to provide functionality 

for patients and therapists: adequacy to patients' skills and needs, relevant tasks, 

feedback system, and facilities to guide the therapist all along the patient progress 

[27]. 

Technology-assisted rehabilitation and evaluation enables the creation of solu-

tions able to contribute to the improvement of the process and clinical treatment 

adopted. Within the working context described, assessment of NMD patients, an 

evaluation automation system aims to make patient, therapist and machine interac-

tion simple and more motivating. 

3 Method  

This work was developed within 4 axis: (1) Technologies to be used, (2) Recogni-

tion of activities and automatic motor functions assessment, (3) Implementation of 

animations and (4) Development of management interface. Each axis was devel-

oped in partnership with therapists. We considered the potentialities of the availa-

ble technologies, reliability of measurements, integration with clinical practices 

and theoretical framework. 

4 Results 

4.1 Motor function assessment by Kinect sensor 

To perform full body evaluation, the KiMe2 software was implemented, able to 

measure motor skills, analyze and communicate the results of 14 of the 32 MFM 

items. Upon detection of the numerical skeleton by the Kinect, KiMe2 converts 

raw data into kinematic data established by therapists and MFM standards: start-

ing position, posture, joint angles, time to perform the task, etc. From the data rec-

orded, an automatic analysis is performed providing different levels of infor-

mation about the movements executed: automatic score, justification of the score, 

calculations and graphs regarding position and joint angle. KiMe2 offers the pos-

sibility of movement reconstruction of the registered skeleton. Figure 1 illustrates 

the proposed architecture. 
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Fig.1. KiMe2 Usage Architecture 

4.2 Motor function assessment by Tablet 

For the evaluation of the distal motor skills of the upper limbs, 3 items (18, 19 and 

22) of the MFM were implemented on a Tablet for automatic evaluation. TabMe2 

software is able to identify finger/pen touch and compute position, time and speed 

parameters for the calculation of score. The feedback of the evaluations is given in 

the form of a score, justification of the score and reconstitution of the traces in the 

form of an animation. The raw data and the drawings of the evaluations are regis-

tered in a pdf file. Figure 2 illustrates the proposed architecture for the TabMe2 

software. 

 

 
Fig. 2. TabMe2 Usage Architecture 

4.3 Animation design 

Within the scope of making MFM assessments more playful, animations have 

been developed based on a game scenario that considers all MFM protocol con-

straints, the clinical context of NMD, the patient, and the technologies used. The 

animations unfold within a progressive narrative, which gives initial instruction on 

how each item should be performed. Feedback to the patient is based on the final 

score, always with a motivating message. The animations were developed with 
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open source programs Blender and Animaker. Fig 3 shows some of the screens 

which are part of the animations. 

 

   
Fig. 3. Animations Proposed 

4.4 Hardware and Software Integration 

The integration between hardware (tablet and motion sensor), KiMe2 software 

(Microsoft studio) and TabMe2 software (Android Studio) have been optimized 

for use within clinical practice. A digitization of the evaluation sheet (tool com-

monly used in MFM practice) was integrated to the Tablet interface. From the 

evaluation sheet, the therapist may control KiMe2 remotely (WiFi), perform hand 

evaluations (TabMe2), consult the MFM driving manual, present the patient's an-

imations and formalize their scores and comments. The fundamental principle of 

the system is to let therapist deciding or not to take into account automatic score, 

justification of the score, calculations and graphs. Control of the system via Tablet 

still has the advantage of allowing the therapist to remain always beside the pa-

tient. 

5 Conclusion and perspective 

This paper proposes a new approach to evaluate the motor functions of young pa-

tients suffering from neuromuscular diseases, based on MFM scale. The prototype 

makes use of motions sensor and tablet technologies and therefore offers more 

quantitative capabilities for motion analysis. KiMe2 and TabMe2 are two software 

developed for automated analysis that can help reproducibility of evaluations. The 

complete system is being tested, and patient measurements are being collected. 

The introduction of animations in the protocol has the ambition to transform the 

perception of the patients' motor functions assessment phase. The proposed system 

is more attractive for children to perform the movements, indeed as low motiva-

tion and lack of engagement are important barriers to performing the exercises.  
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