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1. INTRODUCTION

In the management of multiple sclerosis (MS) motderxercise has been shown to improve the patients
physical fithess [1], walking [2] as well as quglif life [3], particularly through a combinatiorf resistance
and endurance training [1]. Alternative forms oémeise training both for upper and lower limbs utd the
use of robot-mediated therapy, which has gaineg@tpmainly in stroke rehabilitation, as an egkiigd
method to provide treatment of the same qualitthasprovided by a trained therapist for the imgment of
motor function [4]. However in the management of thre is still limited evidence on the benefitstlus
treatment. MS patients who used a robot-contrattedhipulandum have been shown to adapt to haptie for
fields [5], and additional evidence indicates thaper limb motor coordination also improved maiity
patients with ataxia who performed reaching tasisg) again, a robotic manipulandum [6]. Severatagch
groups have begun to investigate the effect of upp training in MS using virtual reality and robbased
exercise programmes for wheelchair-bound patiehts pvesented muscle weakness [7].

In the course of the Interreg IV project we develb@a robot-mediated virtual learning environmeatnad |-
TRAVLE (Individualized Technology and Robot-Assit¥irtual Learning Environment) that can provide
upper limb therapy to subjects recovering from otgical conditions [8]. However in order to ass#ss
effect of robot therapy on the quality of a patiestrm movements, clinically interpretable outcomeasures
should become available. In addition to the dynamigasurements recorded by the robot [9], kinematic
measurements of compensation, muscle and jointitggtirovide the most objective methods to mondaod
quantify clinical progresses. In order to obtainrenobjective measurements a portable motion cagistem
(Motion and Muscle Ambulatory Activity System or MMS) was developed to enable wireless monitoring
of upper limb function in clinical settings [10]. gystem’s reliability is one of the pre-requisiteshe clinic. In
this study we present a reliability analysis on tieasurements carried out using the MMAAS on a iafu
MS patients who received upper limb robot therdphe aim of this study is to evaluate whether tisé-tetest
reliability of the MMAAS is sufficient to use it asclinical assessment tool. We discuss the sagmifie of the
results and their implication for remote monitorwfgMS subjects receiving therapeutic treatment.

2. METHODS

Subjects

Six MS subjects participated in the study, 4 sulsjpcesented muscle weakness on the left arm sotj2cts
on the right arm (age 55 ys + 3.8 ys; EDSS sc@et71.6; Ml tested side 55.8 + 24.5). Ethical apatovas
obtained for the study (Adres Ethical Committeeefelt, Belgium). Subjects were asked to wear kejac
where 4 MMAAS sensors (inertial and magnetic) wardedded. The sensors were located on the thbwax, t
cranial edge of the scapular spine, the middlehefarm facing the lateral side and on the dorskd sf the
distal end of the forearm. A fifth sensor was dttatto a grounded support parallel to the thoréwe &rm and
forearm sensors were secured with additional st@pmit their movement relatively to the skin. &Betup is
illustrated in Fig. 1. The axes of the differentdbosegments were oriented according to the ISB
recommendations [11]. The joint angles were catedlan the MMAAS software from the sensor data
according to the procedure described in [12].

Measurement Protocol

The participants were instructed to perform a seoieactivities from a standardized protocol. Satsjevere
instructed to perform the task using the affected, avhile measurements with the MMAAS were carmed
by the same investigator. In order to evaluatertsst reliability each subject performed the gcot twice,
with the jacket being removed and put back on betwte two occasions. The protocol consisted df dai
activities. Each activity was performed by startargl ending at the same point, indicated to th@gstjlwhile
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Figure 1. Front and side view of the MMAAS jackatgl sensors.

4 repetitions were completed according to a setstfuctions explained beforehand. Several aatizitrom the
protocol were analyzed for reliability, as descdlie Table 1.

Data Analysis

The parameters considered in this study were: @ctwige of motionAROM) during the task, maximum
angular value, and minimum angular value. The m@ar@mconsidered were chest flexion, shoulder abhyct
rotation and flexion, elbow flexion and elbow radat The values used in the reliability analysisrevéhe
means across the 4 repetitions of these paramateesintraclass correlation coefficiedCC) was used to
quantify test-retest reliabilitiCC for consistency in the two-way mixed effect models used. The standard
error of the measuremerB§M) was also calculated to quantify the reliabilitithin individual subjects. The
SEM was calculated as the square root of the erronregaare term in the repeated measures ANOVA [13].

3. RESULTS

The results of the reliability analysis are repdrie Table 1. Although the number of subjects wastéd
statistically significant results were found onwamber of activity/parameter combinations. The valfogr the
ICC found in this study were comparable with thosentbin reliability studies on 3D gait measuremersiagl
optoelectronic motion capture systems [14]. B&M values were generally higher than the 2-5° emoge
reported in the literature for 3D gait studies [14]Cs ranging between 0.7 and 0.9 are considered addepta
in measurements with human subjects and indicatierate to good reliability respectively [15]. Howethe
results should be interpreted in the contexts bjesi variability as explained below.

A decrease irAROM was observed in some subjects during the third fandh repetition of activities
involving reaching. The subjects also remarked ealirig fatigued while performing the tasks where
decreasindAROM was observed. The movement pattern is illustratdeig. 2 left. This movement pattern is
expected from participants affected by MS. As médirthe protocol, an activity consisting solely difosilder
internal/external rotation was also analyzed féiabdity but was not reported in Table 1 as theulewas not
significant. It was observed that t#d&0M during this activity was very small as the pap#oits found
difficult to accomplish shoulder external rotation.

4. DISCUSSION

The aim of this study was to evaluate whether dlsérietest reliability of the MMAAS was sufficiettt use it
as a clinical assessment tool. The relative lagjees found for théCCs indicate a good reliabilitl CC 0.8-
0.9) for most of the tasks considered. The integtien of thelCC should however be carried out while
considering the amount of between-subject varigb[lL3], which in this study can be attributed toet
heterogeneous movement abilities of the MS grosp &ldicated by the variability in the Ml score riaular
attention should be paid to ti8&M to discern whether large between-subject vartghisi not masking poor
subject consistency [13]. Based on the results sow Table 1 it can be observed that elbow andatho
AROM were the movements with the highest consistentydsn trials, while shoulder flexion and elbow
rotation AROM were the less consistent ones. Thus althoughbiléljaof the system is comparable to that
found in 3D gait studies, subject consistency dilhl® reduced. In particular further research idtiobe
concentrated on assessing the influence of factoch as sensor placement, skin movement artifagts a
muscle fatigue. An additional reliability study tife MMAAS has been carried out exclusively on hwsalt
subjects using the same movement protocol deschibesl[16]. Thd CCs found ranged between 0.7-0.9 and
are comparable with those found in this study, evtile SEM values ranged between 2-6° and are lower, but
not considerably. However, in that study stati$tignificance was also found for shoulder rotation
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Figure 2. Elbow flexion (+) / extension (-) andter a subject reporting fatigue during th& and &'
repetition (left) and for a subject who reported susceptibility to fatigue (right). The task coresied was
Reaching to the contralateral side and is desciib@a@ble 1.

Limits of the present study were the restrictiontie number of subjects and the number of measurteme
occasions. These should be both addressed in funtestigations on the clinical value of the systén this
study the test group consisted of MS subjects rdtten of individuals with no impairment. This cbeiwas
made to understand the statistical consistencyhefdinical measurements done using the MMAAS. In
conclusion the results are comparable to thosedf@dui3D gait using optoelectronic systems as fahasCC

is concerned, but should be kept in perspectivéaking into account th&EM for specific movements. A
system with reliability and validity comparable tttat of an optoelectronic motion capture equipnventild
facilitate the assessment of patients outside &bor setting and make home monitoring more rolfusture
developments will be focused on a validity studg @am extending the clinical reliability study togeoup of
subjects suffering from stroke.

Table 1. Test-retest reliability results duringested activities.

Activity Parameter ICC SEM
(degrees)
Sitting with arm and hand in the anatomicabhoulder 0.866
position, abduct the arm up to 120° anébduction/Adduction AROM ('<O 01) 7.7
return to the initial position (between thorax and arm) p=b.
“ Max Shoulder Abduction ?Fﬁé?m) 7.8
Sitting with arm and hand in the sagittaGhoulder FIexion/Extension0808
plane, flex the arm up to 120° and return tAROM (between thorax and,’ 11.0
L - (p<0.05)
the initial position arm)
. . 0.812
Max Shoulder Flexion (p<0.05) 7.9
Sitting with elbow flexed at 90°, executeéElbow Pronation/Supination 0.764 10.9
full supination-pronation AROM (p<0.05) '
Sitting with elbow flexed at 90°, reach from
middle to contralateral side at arm lengtfhroax Flexion/Extension 0.795 o5
and return to the initial position. Target wagrelative to grounded support) (p<0.05) '
at shoulder height and one shoulder width
“ Shoulder  Flexion/Extension0.782 57
AROM (p<0.05) '
“ Elbow Flexion/Extension 0.916 41
AROM (p<0.01) '
" . 0.809
Max Elbow Flexion (p<0.05) 7.1
Si_tting with elbow flexed at 90°, reach_ fr_o_ Ibow Flexion/Extension 0.690
mldq_le to mouth and return to the mmaAROM (p<0.05) 4.9
position
" . 0.737
Max Elbow Flexion (p<0.05) 6.1
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