Proceedings of the World Congress on Engineering 2008 Vol III
WCE 2008, July 2 - 4, 2008, London, U.K.

A Passive Support To Motion Capability Of
Subjects Affected By Neuromuscular Diseases
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Therefore, aim of the first part of the researshthie
Abstract - Degenerative neuromuscular diseases as muscular development of a passive device as simple as pessib

dystrophy may severely reduce the autonomous moltif of the
subject’s limbs. Most subjects can recover some gunomy by
means of external devices mounted on their wheelains. The
helping devices can be active - generally motor tken - or
passive. Sometime the active devices require adng action of
the contralateral upper limb. Following a specificrequest of
some people, as first step of the research a sim@ed passive
helping device has been designed, built and tested subjects
affected by muscular dystrophy (MD). The preliminary tests
demonstrate that the prototype can increase theubjects’
upper limbs range of motion and that it is well acepted by the
dystrophic patients.

Index Terms — counterweight, exoskeleton muscular

dystrophy, passive devices.

I. INTRODUCTION

Some degenerative neuromuscular diseases, such
dystrophy, affect muscles strength and force thgests, few
years after the appearance of the symptoms, tgoser
wheelchairs. In fact, not only the legs’ musclesdme too
weak to sustain the upper body weight during wajkiput
also the upper limbs’ become soon inadequate teepauw
ordinary wheelchair. At a certain stage of the atioh of the
pathology, due to the lack of muscular strengtle, tbper
limbs are not able to counterbalance gravity actibans the
subjects can only act, at the most, by moving tha a
horizontally when it supported by a plane. Thecéar
immobility produces a faster degeneration of thescular
structure. The recovery of some active mobilityref arm is
then important both to carry out some autonomalasly
activity and,

to execute exercises working as self

capable to enhance the upper limb mobility by actigainst
the gravity action. The device must be mountedhenftame
of the subjects wheelchair.

Il.  PRELIMINARY TESTS FOR THE EVALUATION OF THE

SYSTEM REQUIREMENTS

For what it concerns the classification of theeleof
impairment of the dystrophic subjects, presenty literature
directly related to the analysis of the upper aattivity is
very poor, all the classifications of the diseasel and of the
need of assistance is generally made evaluating leb
activity ( Vignos scale).

Therefore for the present research it was usefsét up a
specific test to check the residual arm capability,
understand the strategies adopted by the subjiscited by
M.D. in order to better employ the scarce mechanica
ré&ources still available and to verify the influenof the
apparatus under development.

The test set up includes a motion capture systed fog
tracking subjects’ upper body and arms (provideihbrared
markers) and a wireless EMG system used to mottitr
activity of some muscles.

A set of simple movements of shoulder and elbowhiess
acquired to classify the subjects and understanel th
requirements for the helping apparatus.

The Vignos Scale class 10 M.D. subjects have bebn s
classified in three new groups (tab.1) considebinth the
EMG activity and the joints’ range of motion.

TABLE 1: SUB-CLASSIFICATION OFM.D. PATIENT OF CLASS10 (VIGNOS

physiotherapy.
Assistive systems may help subject in this tasky ttan be

active, that means in general motor driven, ospas Some
active system require to be driven by the conteoédtlimb -

e.g. by replicating its movement or by means ohandled
joystick — , originating unnatural movements [1].[2

SCALE)
initial intermediate advanced
EMG present| small activity absent
Mobility present absent absent

The present research was originated by the reauiest
organization — U.I.L.D.M. - | for the developmenit a
passive system, at least for the preliminary stadéost
UILDM affiliated, up to now, prefer to avoid any mhoo
driven device except for the electrical wheelctmirwhich
they are forced to live.
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To know the trunk kinematics and dynamics is esaketut
understand the arm performance.

The kinematic analyses show that some patientsthese
upper trunk and the scapula-clavicle complex teroeme
the range of motion of the other joints of the lirtiat is often
too small even to perform very simple everydaycadi

Looking to the muscular activity it is evidentr fastance,
that some subjects activate the deltoid insteddeobiceps to
rise an handled object from a table, where thewelis
leaned. Consequently, for the design of any hgldevice it
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is important to let the shoulder free of any coaist.

e il

a b
Figure 1: EMG signals of bicep (a) and deltoiddgb® MD subject during a
hand lifting exercise

Another aspect of MD is the pathological defoiiorabf
the trunk due to the incorrect posture of the sttbjeaded by
head and arms weight. The permanent deformatiotheof
chest involves serious breathing problems.
decreasing the arm weight transmitted to the sleoulby
means of an external device, it is profitable atgo the
breathing point of view.

I1l. TEST AND ASSISTIVE APPARATUS SET UP

Starting from a kinematic model of the human aBinjith
7 degrees of freedom - 5 d.o.f. for shoulder, arid. for
elbow -, a linkage system was designed to be cdujle
parallel with the arm, avoiding to add constraitdsthe
scapula-clavicle complex (Fig. .2yVith this approach the
device directly acts on the elbow,
counterweight force and couple for balance,
patience’s shoulder and trunk free to move. Thagésidual

force becomes adequate to move the weight-comfeehsa

arm in its natural working volume, without any liation of
the motion due to the external device. The linkeptudes
two sliding (for horizontal and vertical transtais) and one
revolute pair. Weight compensation at the elboadiieved
by a spiral spring at the revolute pair, for theeBarm torque,
and by a counterbalance moving in vertical to camspte the
whole arm weight. In order to balance the systéances and
couples have been evaluated as function of theoasition in
space neglecting the inertia actions [4], whichag/ small
in the range of motion typical of this applicatiorhe

counterbalancing force,land the counterbalancing torque M

(fig.3) can be simply obtained as follow:
V+F=F+K+F, 1)
V ACsin(@Z)-F1(AC AB)sin@@)=0 )

thus, for balancing vertical actions:

AC-AB
Fz = (LA—CjFl + F3 + I:4 3

and, analogously for balancing elbow torque:
M. =F, CDsin@@) + F, CFsin@) 4)

The forearm counterbalancing torque (Fig.4 - bine 1A)

ISBN:978-988-17012-4-4

providing the :
|eavin5igure 3: simplified scheme of loading actions loa &rm

is only function of the elbow anglk otherwise
counterbalance weight is independent from the awsitipn
and both of them are functions of the subject weigh

Theeefor

Figure 2: exoskeleton kinematic model
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Figure 4: torque at the elbow

For the first prototype a spiral spring has beesighed to
follow approximately the torque diagram and thetieat
guide has been equipped with little masses cobal@ncing,
through a cable and a pulley, the subject armtla@dliding
structure weight.

Fig. 4 line B shows the torque exerted by the gpiine C
the same with a spring preload, line B1 and C1 sinstead,
in both cases, the residual torque that the stibjast exert to
move the forearm.

While counterweights can be easily adjusted oreptsi
weight and skill, spring action can only be tungdvlrying
the preload thanks to its adjustable support. Mahoiations
of the torque can only be obtained by changingstireng.

Preliminary tests (fig 5) allow to adjust the sgripreload
specifically fore each subject.
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V. RESULTS OF THE TESTS WITH THE ASSISTIVE DEVICE

The results show that: the assistive device carase the
autonomy of people affected by M.D., the subjenttstion
skills increase test after test and, moreover,dstroases the
7 trunk posture improves.

I | T | . In the following paragraph the results of somestese
11 h displayed in terms of joint's range of motion -nmo- and of
MOUNT ANGLE 30° MOUNT ANGLE 107 guality of the trajectory followed. (fig. 7 and 8).

Jo— [—

excursion (deg)

Figure 5: spring calibration: —blue continuous ¢irfB) not preloaded spring
torque, dashed lines (C) preloaded springs torguth 30° and 10°
pre-adjustment) and red line required torque

time (s)

Figure 7: Example of arm joints excursion

"1 FREE 2 WITH DEWICE

Figure 8: Example of hand trajectory without avith the external device
Figure 6: first prototype mounted on a wheelchair

All the tested dystrophic subjects are differeatjuiring a

specific analysis and a specific adjustment of @hksistive

IV. TESTING THE DEVICE device nonetheless some preliminary rough indioatican

The first prototype of the developed device (Figeyéas be withdrawn for all the group, considering thatla tested
been tested with some patients to evaluate itctaftmess Subjects are also using the wheelchair for a fearsieThe
for helping them to move the arm and to handlepm following example refer to a specific subject.
objects for daily tasks (e.g. bring a glass tortimith). The
analyzed parameters are the changes producedeby t A, Exercise 1
external device to the joints’ excursions and tet
trajectories followed by the hand to completeskta

. Target movement Shoulder rotation to bring
Test protocol set the exercise procedure thagxeeuted the forearm to the chest

by the patients seated in front of a table on a ifieat starting from a position
wheelchair without any initial training. Every taiskexecuted where the elbow angle is 90°
three consecutive times, starting from simple me@10f a | |nvolved muscles Deltoid , pectorals et al.
single joint, to more complex exercises as to talgass of
water from a table and bring a it to the mouth. kéas on  This exercise, like the following two, was perforraso in
upper body (arm and trunk) are acquired by arameft the preliminary tests and was designed to anahaeshoul-
motion capture system together with the EMG sigoaihe  der movement, in particular for the scapula-clavimmplex.
most important muscles. Therefore the systenmisrkatics As expected, in comparison to the preliminary déte
could be reconstructed and correlated with th@ingg of performances with the device, were improved bypibiet of
muscular activity. view of r.o.m., but the subject posture and the enasnt
For the first series of tests a performance galex was naturalness were also enhanced. A detailed anadysise
also extrapolated by comparing the results with thgpper trunk movements during exercise (Figure §hlights
preliminary tests obtained without using the assstievice. that using the device, the excursion of the wmaht
movements of frontal and lateral bending (fig.9 lieds) is

reduced with respect to the reference case ohfimements

ISBN:978-988-17012-4-4 WCE 2008



Proceedings of the World Congress on Engineering 2008 Vol III
WCE 2008, July 2 - 4, 2008, London, U.K.

(fig.9 blue lines - where major trunk excursions aeeded to
the inadequate arm amoti
capability).With regard to the elbow movements, the helpini =

the subject for overcoming

device (Fig.10 red line) allows to move the joinbnm
naturally and with a better repeatability if comgzhto the
free arm case (Fig.10 blue line).

excursion (deg)

time (s)

— trunk lateral bending
— trunk free lateral bend

excursion (deg)

time (s)

Figure 9: Exerc.1 - Upper trunk flexion and latéranding

120 elbow flexion
— elbow free flexion

100 =

excursion (deg)

Figure 10: Exerc.1 - Elbow flexion

B. Exercise 2

Target movement
Involved muscles

Elbow flexo - extension
Biceps, triceps

The data collected during three consecutive répes of
the movement show in all subjects a fast improveroéthe
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Figure 11: ex. 2 — Joints excursion with the device
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Figure 12: exerc. 2 — Comparison of elbow maxesion

C. Exercise 3

Target movement
Involved muscles

Shoulder abdo-adduction
Deltoid , pectorals triceps

During this exercise the patient was asked to foluth
the hand a rectangle in the frontal plane (fig.18ue line).
Without the device the subject was unable to cotaptlee
task, while, with the assistive device the exercigas
completed, even in presence f if two zones of irsiec
(fig.13 — black circles )

Figure 13: Exerc. 3 — Following a prescribed regtdar trajectory

D. Exercise 4

performance, both for the r.o.m.(fig.12) and fdret
trajectory smoothness. The test of subject withany

Target movement Drinking a glass of water

picking it from a table in
front of the subject

preliminary training show the ease of the deviae (fig.11).

Involved muscles

Deltoid , pectoralis et al
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Figure 14: joints laws of motion during drinkingka

1 FREE 2 WITH DEVICE

Figure 15: hand trajectory for drinking task

This particular task allows to verify overall
improvement of self-sufficiency obtained only imgans of
the assistive device. People most severely affdoyed D,
as most of the subjects tested for the presenargseare

unable to raise a glass from the table without @ssistance.

By means of the simple weight compensating systBay
can drink by themselves (Figure 15). Moreover laviant
correction of the trunk posture and an increasenobility
could be detected by analyzing the evolution efjtint law

of motion . The graphs of the joint’s law of motion (Fig. 14)
show ranges of variation similar to the physiotogines. The

kinematic analysis of the drinking movement witke tfevice
(fig.16 — dark blue line) shows that the trunk mment is

kept much lower than the values recorded during the J.J.,

unsuccessful attempt to drink without help (fig-1ght blue
line). This can be interpreted as a correctivéoadhbor the
body that allows more physiological movements.

excursion (deg)

time (s)

Figure 16: trunk kinematics with (dark blue) or latt (light blue) the
assistive device during drinking task or drinkintgmpt .

VI. CONCLUDING REMARKS

The comparison of the tests performed with andiouit
the prototype of the assistive device purposelygies! for
M.D. subjects highlights the relevant contributibat even
this simple and passive device can produce to ppemdimb

ISBN:978-988-17012-4-4

the

performance and consequently to the subject antgndhe
gravity action, counterbalanced by the exoskelsi@mtem is
in fact, for some people, the main obstacle tocharse of
many simple but important manual operations.

The kinematics and the EMG analyses are effedtive
optimize the assistive device parameters and thgects
residual capacity .

The present work is only a preliminary analysis tlué
assistive needs of M.D. subjects’ upper arm drwvs one
simple example of passive helping device to bentexlion
the wheelchair. Its main features are to be siraptkeasy to
use and not to add constraints to the natural mewésn

The evolution of this passive system can lead newy v
useful products very profitable for dystrophic pleoprhis
system can be effective even when the residuakfofahe
patient is low. Nonetheless when the force isamattull an
active servo assisted device is needed. In tlEs, @nother
problem to be solved would be the choice of theaagtus’
driving signal.
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