Polish Journal of Medical Physics and Engineering
The Journal of Polish Society of Medical Physics
ISSN 1898-0309, doi: 10.2478/pjmpe-2021-0011

§ sciendo

Scientific Paper

Effects of detection system parameters on cross-correlations between
MUAPs generated from parallel and inclined muscle fibres

Noureddine MESSAOUDI*®", Rais EI'hadi BEKKA®, Samia BELKACEM®

@Université de Boumerdes, Faculty of Technology,abtepent Engineering of Electrical Systems, 35000rBerdes, Algeria
®Université de Sétif 1, Faculty of Technology, Dépent of Electronics, LIS Laboratory,19000 Sétifjeia
"E-mail address: n.messaoudi@univ-boumerdes.dz

Abstract

The aim of this study was to investigate the effeot inter-electrode distance (IED), electrode wad{ER) and
electrodes configurations on cross-correlation fameht (CC) between motor unit action potentialslUAPS)
generated in a motor unit (MU) of parallel fibresdain a MU of inclined fibres with respect to thetelction system.
The fibres inclination angle (FIA) varied from 0§ 180° by a step of 5°. Six spatial filters (th@ddudinal single
differential (LSD), longitudinal double differentiéLDD), bi-transversal double differential (BiTDPhormal double
differential (NDD), an inverse binomial filter ofaer two (IB2) and maximum kurtosis filter (MKF)hree values of
IED and three values of ER were considered.

A cylindrical multilayer volume conductor constitat by bone, muscle, fat and skin layers was usesinalate the
MUAPSs.

The cross-correlation coefficient analysis showet with the increase of the FIA, the pairs of MUWAdRetected by the
IB2 system were more correlated than those detdwtete five other systems. For each FIA, the figdialso showed
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that the MUAPs pairs detected by BiTDD, NDD, IBAaviKF systems were more correlated with smaller $EBan
with larger ones, while inverse results were fowith the LSD and LDD systems. In addition, the pasf MUAPSs
detected by the LDD, BiTDD, I1B2 and MKF systems &anore correlated with large ERs than with smaliees.
However, inverse results were found with the LSKA AIDD systems.

Key words: cross-correlation; electrodes; electromyografiibyes; inclination.

Introduction

The anatomy of muscles is generally complex andfittres
have several inclination angles in the mudél@he shape and
amplitude of the single fibre action potential (3HAchange
with fibre inclination. The characteristics of tmeotor unit
action potential (MUAP) and the surface electronmapdy
(EMG) signals generated by muscles with inclinedrefs
depend on the orientation of the recording surfeleetrodes
relative to the direction of the muscle fibres.

On one hand, since the human body contains musdtas
inclined fibres (case of the pinnate, bi-pinnated anulti-
pinnate muscléy, so it is important to compare between
surface EMG signals generated by muscles with Silparallel
to the arrangement of the electrodes and thoseraedeby
muscles with inclined fibres with respect to theotlodes
arrangement. On the other hand, practically itifiscdlt to put
all the electrodes in parallel with all the fibreé a muscle.
Therefore, it is important to estimate the effedt the
inclination of the fibres relative to the electrede

In our study, misalignment between fibres andteteles is
in a plane parallel to the skin surface. Moreowvéth this type

of muscles (in this study, the volume conductor eidbat we
used is a cylindrical multilayer which is adaptedthe limb
muscle. Moreover, the inclination of the musclerdi with
respect to the electrodes arrangement is achiewedhé
rotation of the detection system on muscle fibraslbel to the
skin surface) it is always important to considee #ffect of
each physiological and/or non-physiological para&nein the
EMG signal in function of the angle between therdi
orientation and the arrangement of the electrddethe case of
this type of muscle, surface potentials detectedlitierent
electrode locations along fibre direction alter phaand the
system is not space-invariant in the direction mipagation of
the intracellular action potentials (IAP).

It was shown that the amplitude and the shapeudhse
EMG (sEMG) signals are highly affected by physidbad) and
non-physiological parametet§.However, in these studies, the
effect of each of these parameters on the ampléndespectral
contents of the SEMG signal was assessed by fialhgther
parameters. In the case of inclined muscle filités,important
to analyse the effects of anatomical, physical detection
system parameters according to the angle between th

© 2021 Noureddine Messaoudi, Rais El'hadi Bekkai8@elkacem. This is an open access article le@unsder the Creative Commons Attribution-
NonCommercial-NoDerivs License (http://creativecoomsiorg/licenses/by-nc-nd/4.0/).
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longitudinal axis of the fibres and the orientatiofi the
electrodes (The angle of inclination of the fibrektive to the
electrodes is considered in a plane parallel toskia). The
effects on surface EMG signals of some anatomjuaysical
and detection system parameters and fibre inctinatvere
addressed only in a few work$.In these studies only a few
angles were considered. Fuglevand et’ abtudied by
simulation the effects of IED and electrode sizeétenshape of
the detected MUAP in the case where the detectjstem is
aligned parallel to the direction of the fibres.rifa et al’
investigated the influence of IED and ER and o#r@tomical
and physical parameters on the shape of surfacePSHBA
varying the FIA from 0° to 45° by a step of 5°, atbwed that
the SFAP features depended on anatomical, physiodl
detection system parameters. Teklemariam €t stbidied the
effect of IED on electrode orientation relativethe direction
the fibres for five values of the FIA (0°, 10°, 3@0° and 90°),
and pointed out that the effect of significant riggament
between the electrodes and the fibres could becestiby
increasing the IED.

Many one-dimensional and two-dimensional lintarpn

linea” and adaptiv€® detection systems were proposed for

sEMG signal detection. The behaviour of these systaith
respect to the inclination of the fibres is maingated to its
degree of isotropy. The anisotropic systems arg sensitive
to the orientation of the fibres and the almostriguic and
purely isotropic ones are respectively less semsitind not
sensitive to the inclination of the fibrés.

Many anatomical, physical and detection systenampaters

can influence the SEMG signln turn, these parameters can

be influenced by the orientation of the electrodith respect
to the direction of the muscle fibrd$!***?The effects of IED,
ER and electrodes configuration on the correlatioafficient
between pairs of MUAP signals generated from palrdilbres
(FIA = 0°) and inclined fibres (FIA: 0°) were investigated in
this paper. Three values of the IED and three walieER
were used for this purpose. The simulated surfad¢AM
signals were generated in a multilayer cylindricalume
conductor consisting of bone, muscle, fat and d&irers as
described itf and detected by LSD, LDD, BiTDD, NDD, IB2
and MKF systems. The inclination of the fibres Ire tplane
parallel to the skin was simulated by rotating thetection
system with respect to its centre. This inclinatisas got by
varying the FIA which is a parameter of the detattsystem
transfer function from 0° to 180° by a step of‘6°.

Methods

Simulation of the MUAP

The motor unit action potential (MUAP) of a MU lsetsum of
the SFAPs belonging to this MY.
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The simulated surface SFAP was implemented in MABLA
according to the model proposed by Farina et“aby
performing the following three steps:

a) The current density source is proportional to feeond
derivative of the intracellular action potentiahR). This IAP
was described analytically by Rosenfalck, 186%or each
muscle fibre, two IAPs are generated at the neusocoiar
junction (NMJ), and then they propagate in two oo
directions towards the tendons where they extirgidis

b) The volume conductor was described as a multi&yer
cylinder composed of bone, muscle, and skin. Thaisaof the
bone (homogeneous and isotropic, conductivity G0R) was

20 mm, the thickness of the muscle (homogeneous and

anisotropic, longitudinal conductivity 0.5 S/m atrdnsversal
conductivity 0.1 S/m) was 26 mm, the thickness lué fat
(homogeneous and isotropic, its conductivity wa<dsgs S/m)
was 3 mm and the thickness of the skin layer (hamegus
and isotropic, conductivity 1 S/m) was 1 mm. Thewdated
muscle has an elliptical cross section (20 mm, 89 m
containing one MU where the coordinates of its ientere
uniformly selected. The distance between the ceafré¢he
elliptical muscle and the centre of the volume aatdr (the
centre of the bone layer) was 34 mm The deptheMb was
defined as the distance between its centre andntieeface
muscle-fat” Figure 1 shows a cross-sectional view of the
model used to generate the surface MUAP sigritaure 2
shows the 3D longitudinal view of the volume conduavhen
fibres are parallel to the skin surfadeigure 2a) and when
they are misaligned with respect to the skin serfathe
volume conductor was mathematically described laasfer
function in the 2D spatial frequency domains, aggssted by
Farina et al. 2004 The number of fibres within the MU is
linked to its diameter. In this study the diametethe MU was
4 mm and the density of the fibres was 20 fibres/iiinThe
average fibre length varies in the range [40-16( (here, the
average fibre length was set 80 mm and the stardkarndtion
was set 1 mm)®* The NMJs and the ending tendons were
uniformly distributed over a range of 5 nifn.

¢) The detection system is the combination of thdizlp&lter
and shape and size of the electrddézhis system is composed
of one- and two-dimensional spatial filters withrccilar
electrodes shape. The following detection systemerew
investigated: the longitudinal single differentiglLSD),
longitudinal double differential (LDD), bi-trans\sal double
differential (BiTDD), normal double differential, NOD),
inverse binomial of order two (IB%)and the maximum
kurtosis (MKF) filter’® The masks of these six spatial filters
and the position of the electrodes arrangement reispect to
the muscle fibres direction are showrFigure 3.
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Figure 1. (a): The model investigated of the volumeonductor. Within the elliptical muscle, there is amotor unit and within this motor unit
there are 251 muscle fibres uniformly distributed™. (b): The motor unit (right side) and the generatedMUAP (left side).
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Figure 2. Longitudinal view of the volume conductormodel used to simulate MUAPs generated from the twtMUs. (a): case of fibres
parallel (FIA = 0°) to the electrodes arrangement(b): case of fibres inclined (FIA = 40°) with respet to the electrodes arrangement.
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Figure 3. Arrangement of the electrodes configureth the seven investigated spatial filters with resgct to the muscle fibres orientatiorf’

Effects of IED, ER and electrodes configurations
on CC

The purpose of this study was to investigate tliectf of the
inter-electrode distance (IED), the electrode radiER) and
the electrodes configuration on the cross-corm@ati
coefficients (CCs) between MUAP signals generatgd iU
of parallel fibres (FIA = 0°) to the detection syist and a MU
of inclined fibres with respect to the detectiorsteyn (FIA#
0°) when the FIA varied from 0° to 180° by a stdbt The
generated MUAP signals were detected by the LSDDLD
BiTDD (highly anisotropic), NDD and IB2 (almost isopic)
and MKF (adaptive and highly anisotropic) detecsgatems.
The Effect of IED was investigated for three values:18,
and 20 mnf® The effect of ER was investigated for three
values: 4, 10 and 12 mffi.For the analysis of the effect of a
parameter with a given value on the cross-corglati
coefficient, the fibres inclination angle (FIA) waaried from
0° to 180° in steps 5°. Consequently, 37 simuldtdAPs
were generated and 37 CCs were calculated i.eMilaP
signal generated at FIA = 0° was correlated waklftand was
also correlated with the MUAPs signals generate@rwthe
FIA varied from 5° to 180° with a step of 5°.

Results

Figure 4 shows examples of simulated MUAP signals
generated in the volume conductor previously dbsdriand
detected by LSD Higure 48), LDD (Figure 4b), BiTDD
(Figure 40, NDD (Figure 4d), IB2 (Figure 46 and MKF
(Figure 4f) systems when the FIA varied from 0° to 90° in
steps of 10°. It is clear that the LSD signal hlas bowest
amplitude and the MKF signal has the largest orlees&
results are due to the configuration of the eletdsoof each
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system and to the appropriate weights assignetiem.t The
figure also shows that increasing the FIA decreatwssl
amplitudes of the MUAP signals of LSFi§ure 4a8), LDD
(Figure 4b), BiTDD (Figure 4¢) and the MKF Figure 4f)
systems and kept almost constant the amplitudéseofIUAP
signals detected by the NDFi§ure 4d) and IB2 Figure 4¢€
systems. Indeed the NDD and IB2 almost-isotroplterf
compared to the LSD, LDD, BiTDD and MKF highly-
anisotropic filters are less sensitive to the FIA was
underlined irf*.

Table 1. Parameters used in the simulation of the sailts shown in
Figure 41718

Parameter Value Description
Muscle cross section (30 mm, 20 mm) Elliptic
Bone (radius and Homogeneous

conductivity) (20 mm, 0.02 S/m)

Muscle (thick, longitudinal
conductivity, transversal

and isotropic

(26 mm, 0.5 S/m, Homogeneous

conductivity) 0.1 S/m) and anisotropic
Fat (thick and conductivity) 3 mm, 0.05 S/m ';%rg?fo?f;gs
conductvi) tmm s gl
Fibre diameter 46m The same for all fibres
Gaussian distribution
MFs lengths [40-160 mm] (mean =80 mm, SD =
1 mm)
MU diameter 4 mm
MU conduction velocity 4 m/s
MUs territory Circular
Fﬁ;ﬁiglfére'b&tbon - Uniform distribution
Endplates spread 5 mm Uniform distribution
Tendons regions spread 5 mm Uniform distribution
MFs density 20 fibres / mm Of the muscle area
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Figure 4. Simulated MUAP signals generated in a ciyldrical multilayer volume conductor and detected ly the six investigated detection
systems when the FIA varied from 0° to 90° by a gpeof 10°. The IED was set 10 mm. The radius of theegltrodes was 4 mm. The other

parameters of simulation of these six signals ardaewn in Table 1.

Figures 5 6 and7 show the CC versus the FIA for three inter-
electrode distance value§igure 5), three electrode radius
values Figure 6) and six detection systemEigure 7). The
results with respect to detection systems show that CC
curves have different shapes. Anisotropic spatitr$é (LSD,
LDD, BiTDD and MKF) provide CCs that are more sémsi

to FIA than those obtained with the almost isotofilers
(NDD and 1B2).

Effect of the IED

Figure 5 shows the IED effect on the CC of the pair of MUAP
signals detected by LSDFigure 53), LDD (Figure 5b),
BiTDD (Figure 5¢), NDD (Figure 5d), 1B2 (Figure 5¢) and
MKF (Figure 5f) systems. For each pair of MUAP signals, the
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first signal was generated from parallel fibresAH 0°) and
the second one was generated from inclined fibreemwthe
FIA varied from 0° to 180° by a step of 5°. The lggis is
made for three values of IED (5, 10 and 20 mm).

For example,Figure 5a shows that IED has a negligible
influence on CC in the FIA range [0°-25°] and angigant
influence in the rest of the range in the case DLsystem,
where the CC increases with decreasing IED. The{gir of
MUAP signals detected by the IBZFigure 56 and MKF
(Figure 5f) systems depends ¢1A and IED which decreases
with the increase of FIAThese two figures show that the low
value of the CC is obtained with IED = 5 mm, arsl liigh
value is reached with IED = 20 mm and its intermagslivalue
is got with IED = 10 mm.
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Figure 5. Effect of IED on the CCs of pairs of MUAP gnals generated from parallel and inclined fibresand detected by LSD (a), LDD (b),
BiTDD (c), NDD (d), IB2 (e) and MKF (f) systems. Theadius of the circular electrodes was set 4 mm.

The IED effect was also investigated by the diffieee in Table 2. The DMMCC of MUAP signals detected before ahafter
percentage between the maximum (the best positfothe the inclination of the fibres for three values of he IED. The ER
electrodes with respect to the orientation of ibeet) and the was set 4 mm.

minimum (to the worst position of the electrodeshwiespect DMMCC %

to the orientation of the fibres) values of the C@MMCC) Detection systems IED (mm)

and the results are given Trable 2 This table shows that the 5 10 20
increase in IED decreased the DMMCC % value of L:8i0 LSD 162.78 109.751 65.998
LDD filters and increased the DMMCC % value of BiDD LDD 30.35 23.58 15.84
NDD, IB2 and MKEF filters. The results also show tthihe BiTDD 32.93 39.11 52.27
MKF system has the highest DMMCC values at IED =i NDD 0.085 0.665 1.83
and IED = 20 mm and that the LSD system has theeisig B2 0.009 005 0576
DMMCC value at IED = 5 mm and the IB2 system has th MKE 109,526 111253 127215

lowest ones for all three IED values.
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Figure. 6. Effect of the ER on CCs of MUAP signals gerated from parallel and inclined fibres and deteted by LSD (a), LDD (b), BiTDD
(c), NDD (d), IB2 (e) and MKF (f) systems. The inteelectrode distance was 20 mm.

Effect of the ER in ER increased the DMMCC% value of LSD and NDDefi

The influence of electrode radius (ER) on CC valbesveen and decreased those for LDD, BIiTDD, 1B2 and MKFefis.

the MUAP signals of two motor units for the six spk&filters
was investigated for three electrodes radius valdesim,
10 mm, and 12 mm The curves of CC as a functiofléf
have the same behaviour as those showing the IEbtefor

Table 3. Effect of the ER on the DMMCC % of the pairsof
MUAP signals generated from parallel and inclined ibres. The
IED was set 20 mm.

example,Figure 6a shows that increasing the radius of the DMMCC %

electrode decreased the CC value between the gfaiJ AP Detection systems ER (mm)

signals detected by the LSD system for FIA varieaf 90° to 4 10 12

180°. However, in the interval [0° - 90°] of FIAa effect of ::;g Z%‘Zig Zii‘:’;" ig'ijg

the ER on the CC is negligiblEigure 6e andFigure 6f show BITDD 4769 45.86 3203

that for every FIA, when the ER increases, the G€sveen NDD 0.085 0.95 0.68

MUAPs generated from parallel and inclined fibnesréase. IB2 0.576 0.146 0.071
The ER effect was examined by DMMCC % as well trel MKF 127.21 120.896 117.519

results are given ifable 3. The results show that the increase
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Figure. 7. Comparison of the effect of the FIA on Cs of MUAP signals generated from parallel and inéhed fibres and detected by the six

investigated systems.

In addition, with the three values of the ER, tlghbst values
of the DMMCC% are obtained with the MKF system airsd
smallest values are obtained with IB2 system. Tiesins that
the smaller DMMCC% values show that the MUAP signal
detected by the IB2 system are more correlated thase
detected by the other five systems.

Effect of the electrodes configuration (spatial
filter)

The effect of the configurations of spatial filteos the CC
between two MUAP signals was studied for two valakghe
IED (5 and 10 mm) and for ER = 4 mniigure 7a and
Figure 7b show the behaviours of the six investigated filtier
function of the FIA and the IED. The two figuresoshthat the
FIA has almost no influence on CC between two MUAP
signals detected by the NDD and IB2 systems. Inegdn
despite the increase in FIA, the different pairs MJAPs
generated from parallel and inclined fibres are enmrrelated
with the 1B2 system than with the other systems.

Discussion

The inclination of the fibres with respect to thetettion
system was considered only in a few modelling st®i@dind for

a few FIA3*' However, the performance of any system
depends on the positioning of the electrodes vatipect to the
muscle fibres, i.e. the FIA! In this study, we varied the FIA
from 0° to 180° in steps of 5° which correspondsatdalf
rotation of the detection system with respect ®dkrection of
the muscle fibres.

Fuglevand et al.,studied by simulation the effects of the
IED and electrode size on the shape of the detestei@dce
MUAPs in the case of parallel fibres. They showkdt:t (a)
electrode size had a smaller effect on the detedligpth of
MUAPs, (b) the detection depth increased with iasieg IED
and (c) the frequency content of the action potéstiecreased
with increasing the electrode size and the radfuh® motor
unit.” In our study, we have shown that the IED, ER aratiap
filters have a great influence on the correlatiaefticients
between MUAPs generated by MU with parallel fibsd
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those generated by MU with inclined fibres ($8gures 5 6
and7 and Tables 2and3). In addition, our results show that
for LSD and LDD systems, the correlation coeffitgen
between MUAPs generated by parallel fiores and MBAP
generated by inclined fibres is greater for larg@d and
smaller for smaller IEDs. Inverse results were fbuwvith the
BiTDD, NDD, IB2 and MKF systems (sdégure 5). For the
effect of ER, we have shown that for the LDD, BiTDIB2
and MKF systems, the correlation coefficients beve
MUAPs generated by parallel fibores and MUAPs geteerdy
inclined fibres are greater for large ERs and senddir smaller
ER. Inverse results were found with LSD and NDDtays
(seeFigure 6).

Teklemariam et al., 2016examined the effects of the IED
and the electrode orientation relative to the Bben the
surface EMG signal when the FIA varied from 609® and
showed that the effect of misalignment betweenelketrodes
and the fibres could be reduced by increasing i (25-30
mm), which attenuated the signal cancellation. THeedinces
between the results obtained and our results are as follows:
(i) the results of ret.were based on a few values of the FIA
(FIA varied from 60° to 90°), while our results welbased on
the whole interval of variation of the FIA (FIA vad from 0°
to 180° by a step of 5°), (ii) the detection sysiemwas only
the bipolar system, whereas in our study, threesdtien
systems were used and compared, (iii) with the goon the
relationship between the effect of the IED and ith@ination
of the fibres, it was shown inthat the effect of the fibres
inclination can be reduced by increasing the IEDe Tast
result cannot be generalized to all detection systdn fact,
we have shown that MUAP signals generated fromlighend
inclined muscle fibres are: (i) less correlatedhwét smaller
IED (5 mm) and more correlated with a large IED (@) in
the case of LSD system. (ii) more correlated witknaaller
IED (5 mm) and less correlated with large IED (2@nin the
case of IB2 and MKF systems (sEgble 2 andFigure 5).

Farina et al., 2002studied the effect of the dimension of
transversal and longitudinal bar electrodes inctee of double
differential (DD) filter on the estimated conductiavelocity
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(CV) with FIA = 30°. They showed that electrode esiz
negligibly influenced CV estimation in the case BD
recordings, especially for large IEDs. In ordebgiter analyze
the effects of ER and electrode orientation, wedubeeeER
values and varied the FIA from 0° to 180°. We shdwet the
MUAP signals generated from parallel and inclindgutefs and
detected by MKF and IB2 systems were more correlati¢h
the large ER (12 mm of the radius of the circullciode)
than with the smaller one (4 mm of the radius & dircular
electrode). Inverse results were observed with. BB system
(seeFigure 6).

The effects of fat layer thickness and effecthaf maximum
voluntary contraction (MVC) level on the CC of th&EMG
signals generated from parallel and inclined fibwd®en the
FIA varied from 0° to 360° by a step of 5° and d&td by the
LSD, I1B2 and MKF systems were examinedift was shown
that the fat layer thickness negligibly influenc€@ and that
SEMG signals detected by LSD system were more ledeck at
a low level of MVC than at a high level of MVC, Ji&ithe
SEMG signals detected by IB2 and MKF systems have a
inverse effect. In the present study, we found thatpairs of
MUAP signals produced by a MU of parallel fibres ttee
detection system and a MU of inclined fibres rekatto the
detection system detected by IB2 and MKF systenre weore
correlated with a smaller IED than with a large doeeach
FIA. Inverse results were realized with the LSDteys

It was mentioned i that the IED should be in the range of
4-10 mm to provide at least a few samples for @4tAP,
and large IEDs and improper electrode locations teag to
very deceptive results.

It was revealed i that the shapes of the recorded potentials
(MUAP) depended on the properties and location tof t
electrodes and on the anatomy and physiology ofntbecle
fibres. It was also noted that the IED modified thmatial
transfer function of the detection system and cgusstly
influenced the signal properties. In this work, sf®wed that
the pairs of MUAPs detected by the LSD system waoge
correlated with IED = 20 mm and less correlatechv#D =
5 mm in the entire range of the FIA (sEmgure 5a), and the
pairs of MUAPs detected by the IB2 and MKF systemese
more correlated with IED = 5 mm and less correlat@d IED
= 20 mm (sed-igure 5e and Figure 5f, respectively) for all
FIA values. But, we observed that IED negligiblyluenced
CC in the case of IB2 system (d&igure 5€).

The low-pass filtering effect due to the electrodige
influenced the space and time features of the thetesEMG
signal®* Therefore, smaller area electrodes are wanted.
However, it was also pointed out that the redudtidn
impedance of the electrode relative to its coraaes and noise
were gained when the contact area of the electwds
increased. A trade-off between these two contradjct
requirements can be reached by means of micro-@eed|
grooved surface electrodes in order that the smelketrodes
can have a fairly large contact area. It was shthah|ED and
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ER have a noticeable effect on the amplitude arettspl
features of SEMG and can represent two confounf@icigrs in
SEMG measurement$.We showed in the present study that
the pairs of MUAPs detected by the IB2dure 6€) and MKF
(Figure 6f) systems were more correlated with ER = 12 mm
and less correlated with ER = 4 mm over the enmirerval of
FIA (Figure 6f).

The effect of the FIA on the degree of Gaussianitgurface
EMG signals generated in a cylindrical multilayeslume
conductor and detected by the three systems igetstl here
(LSD, 1B2 and MKF) was assessed”inThe authors of the
papef” showed that with the same detection system, thecde
of Gaussianity of the EMG signal is highly influeacby the
fibers inclination with respect to the electrodeaagement.
Indeed, the classification of the studied detect&ystems
according to the degree of Gaussianity of sEMG aign
detected by them is different from a FIA intervalanother. In
relation to this work, for each value of the IEDdaBR, we
showed that with the increase of the FIA, the pafrMUAPs
detected by the IB2 system were more correlated thase
detected by LSD and MKF systems ($égure 7aand7f).

It was shown iff that the NDD and IB2 systems are almost
isotropic and that the LSD, LDD, BiTDD and MKF are
anisotropic systems. Based on this important rethét results
shown inFigures 5 6 and7 clearly show that with the NDD
and IB2 systems the correlation coefficient hasséme value
at FIA = 0° and at FIA = 90° and at FIA = 180°. Hower, with
LSD, LDD, BIiTDD and MKF systems, the correlation
coefficient is the same at FIA = 0° and at FIA =018This
result is due to the arrangement of the electradesach
detection system such as:

- For the LSD and LDD systems, the electrodes aanged in
only one direction and a 180° rotation make thetedeles at
the first arrangement (as at 0°).

- For the BITDD and MKF systems, although these syste

are bi-dimensional, but we have showd'ithat these two

systems are anisotropic. Therefore, the variatidnthe
correlation coefficient as a function of FIA is egted every
180°.

For the NDD and IB2 systems, since these two systarma

two-dimensional and almost isotropicthe variation of the

correlation coefficient as a function of FIA is egted at
every 90°.

Limitations

With the approach we proposed in this work, we o&nn
separate muscle fibres with different inclinatioakative to the
surface of the skin. Therefore, one cannot makexaension
for simulating multiple simultaneous MUAPs genedatey
MUs of different inclinations and separating therm
perspective, we want to use an approach that aldeparating
motor units with inclined fibres from MUs with pdie fibres.
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Conclusions

A study of the cross-correlation coefficient (CGytlween a
pair of MUAP signals generated by a MU of musclerds
parallel to the electrodes arrangement and a Mlhdfned
muscle fibres with respect to the electrodes aeraremt was
conducted in this paper by using simulated MUARmals. It

focused on the influence of IED and ER on CC. Three

detection systems were considered. The obtainedltses
showed that the effects of IED and ER on CC depmndhe
detection system. But for the same detection systemch
effect keeps the same behaviour for the differealuas

MKF system are the largest. This means that the MUA
signals detected by the IB2 system are stronglyetated
despite the increase in the FIA. We showed thatrthiease in
IED increased the DMMCC % value of the MUAPs detdct
by the IB2 and MKF systems. However, the incredsb@®ER
decreased the DMMCC % value of the MUAPs detectethé
IB2 and MKF systems. Inverse results were foundh wite
LSD system. The lowest DMMCC% values in the caséBaf
system implies that the MUAP signals detected lxy $listem
are more correlated than those detected by ther dihe
systems. As a result, we recommended the IB2 system
record SEMG signals generated from muscles withined

assigned to the IED and ER. For each analysis peesrand

fibres.

for each value assigned to Ttables 2and3 indicate that the
DMMCCs of the IB2 system are the smallest and ttafsthe

properties. PL0S-ONE. 201@):1-18.
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