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EFFECT OF CHARACTERISTICS OF DYNAMIC MUSCLE
CONTRACTION ON CROSSTALK I SURFACE
ELECTROMYOGRAPHY RECORDINGS
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Ahslract: I\n inv.:stigation into the ability of dillerent spatial filters to reduc.: the amount of
crosst;i1k in a surf:lc,: .:kctwmyography measurell1ent W:IS conduct.:d. 1\ sill1ulation modd was
impkm.:nted to compare the p.:rformanc.: of four ,p:ltial filters under dynall1ic ll1usck contractions.
Two parall1.:l.:rs of a dynamic ll1usck contraction. n:ull.:ly muscl.: shorlening and v;trying contraction
force. weI'': evaluat.:d '>.:parately. The normal doubk differential filter resulted in the be,>t crosstalk
r.:j':clion for varying contraction force simulations. while th.: double dilTer.:ntial filter performed best
when incorporating musck shorlening. It is fUrihermore suggest.:d that crosstalk is influcnc.:d ll10re
by Illusck shorlening than by ch;lI1ges in th.: contr;lction forc.:.

Key words: Surf:tce electromyography. Illodelling. crosstalk. analytical model. spatial filters. motor
unit action potential. average rectified value. mean pow.:r spectral frequ.:ncy. muscle shorlcning.
musck contraction.

IX

I. I TRODUCTION

In surfac.: electromyography (sEMG) recordings.
crosstalk i, the unwanted signal component detected
above one muscle but generated by another muscle 11.21.
It is one of the main areas of research in sEMG
measuremcnts 131. Crosstalk has been investigated by
experimental II. 3 - 51 and modelling 13,4,6 - XI studies.
It has been shown that cro'>Stalk signals consist mainly of
far-field potentials that are generated due to the extinction
of the action potential at the muscle fibI" endings (end­
of-fibre effect) 12 4.6.9.10. III. Crosstalk depends on
many anatomical and phy,ical faciOI" of the ,EMG

generation 'ystemI7. X. 121.

Crosstalk has mainly been investigated in isotonic.
isometric contractions, e.g. an evaluation of methods to
reduce crosstalk 161 and a comparison of the different
method, employed to quantify cro"talk 141. This
eliminates some inherent ,ources of cro'Stalk (e.g. ,Iiding
of muscles under ,kin). I:veryday tasks. however, require
dynamic muscle contractions. The ubjective of this study
was to investigate, by simulation, the effect of some
param 'tel" of dynamic mu,cle contraction on crosstalk.

In a dynamic contraction the mu'cle ,horten, and the
forcc may vary over a I;trge ran 'e. These two parameters
(degree of shortenin' and force) were evaluated
,eparately to examine their individual elTccls on
cro"-talk. Th' geometrical change, incorporated include
a chan 'e in mu'cle Ien'lh (concentric contraction) and
the accompanying change in limb radiu,. The
p'rfol'lliance of four spatial filters with respect to

crosstalk rejection was compared for the simulated
condilions.

') METHODS

2. I 11011/1111' cOlldllc/Or II/odel

The analytical model developed by 1131 was used to
generate single fibre action potentials (SFAPs). A spatio­
temporal function describes the generation, propagation
and extinction of the SFAP. The model describes a
cylindrical layered volume conductor with bone. muscle.
fat. and skin tis,ues 1131. The layers are anisotropic and
their effect on the SFAP is Illodelled as a two­
dimensional spatial filter. A specific pari of the mu,cle
region comprises the active Illuscle fibres. The active
muscle territory was described as an ellipse. The
parameters that were fixed in the vol ume conductor
model arc reported in Table I. These include the
physiological cross-sectional area (PCSA) and maximum
voluntary contraction (MVC) of the muscl::.

2.2 /)e/eu;o/l .1'1'.1'/£'/11

Detection system is the general term used to rcf'er to the
electrode arrangements used to realise the <;patial filters
~hown in Figure 2. Ten detection systems were placed
circumrerentially around the surface of the volume
conductor with their centres in the range 0° - 45°, where ()
° i, the position directly above the muscle (see Figure I).

Four spalial fillers, with inter-electrode distance (lED)
5 111m, were considered (Figure 2): Illonopolar (Mono),
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MVC in 3 s. The time at which a certain contraction force
is reached, 1',IMlle, can thus be found from:

normal double differential (NOD). The deteetion points
were halfway between the innervation zone (IZ) and the
tendon region. The end-of-fibre effeet is visible as a small
bump at the end of each potential. %MVC

Iq, Mile =IO()' J
(2)

Table I: Fixed parameters in volume conductor model.

2.3 Motor IInil

2.-1 Mow,. IIni! jirin~ I}(II/ems

where RR is the % maximum voluntary conlraction
(M V ) where the complete M pool is recruited. It is

(3)

The average rectified value (ARV) and mean power
spectral frequency (M F) arc commonly used 10 evaluate
the characteristics of surface EMG 11,21. The ARV is
equal to the area under the rectified signal. Its value will
increase and then decrease with increasing electrode
separat ion. The slope of the decrease provides an
indication of filter selectivity with respect to crosstalk.
The propagating components, which form the main part
of an EMG signal. arc attenuated rapidly with increasing
distance. Crosstalk signals propagate with less
attenuation and can thus be measured a larger distance
from their origin 1111. The detection system which shows
the best suppression of amplitude content with increasing
distance will thus be preferential for crosstalk reduction.

The MNF value defines (he frequency component that
carries the largest weight (centre of gravity). It thus
provides information about the frequency content of the
crosstalk signal II, 21. The interpretation of the M F is
based on the fact that the filtering properties of a
detection system are determined by its transfer function.
The sEMG waveform is time and space dependent. Since
the eleco'ode separation and local ion are spalial
parameters, they in 11 uence the spat ial fi Iteri ng
charaCleristics of Ihe electrode configuration. The
temporal and spatial waveforms arc linked via the CV of
the muscle fibres. A change in the spatial characteristics
of the electrode configuration will thus also be reflected
in the temporal waveform as a filtering effect where the
relative contributions of the frequency components arc
weighted relative to those of the original signal.

2.5 Sigllal allalysis

with Illill = 8 pulses per second (pps) and liar_dis the
variation in discharge rate with force equal to
0.3 pps/%MVC. The discharge rates were limited to
35 pps. All the parameters correspond to experimental
measurements 1231.

MUs with negative I,." .. values arc nol yet recruited at the
time that the desired contraction strength is reached.
Their discharge rate is thus set equal to zero. A discharge
rate is computed for every MU with a positive
recruitment time from Equation 4:

The time at which a certain M is recruited is defined by:

( I )RTE(i) =e1n(RRlilll ,i =1,2,3 ...n

The SFAPs were summed together to obtain the motor
unit action I otentials (MUAPs). The MU territories were
circular with centres located randomly within the active
muscle. Each MU was assigned a specific conduction
velocity (CV). V values were limiled in the range
2-7 m/s and were assigned in agreement to the size
principle, i.e., V increased with MU size 1211.

The firing pattern computations are based on the model
developed in 1221. The MUs were recruited on the basis
of MU recruitmenlthreshold. defined by:

Parameter Value Reference

Bone radius 15 mm 1141

Skin thickness I mm 1151

Fibres / MU 50 - 1000 1161

M / muscle 200 1161

Fibre density 20 fibres/mm2 IComputed

ronductivity of skin I S/m 1171

Conductivity of bone
p.02 S/m 1171(isotropic)

[conductivity of fat
Kl.05 S/m 118, 191

(isotropic)
ronductivityof
muscle (radial + 0.1 S/m 118, 191
'lIlgular)
{:onduetivityof

~.5 S/m 118,191
muscle (longitudinal)
Inter-electrode

5 mm Selected~istance
PCSA of selected ~OO mm2 1201
muscle
o/t MVC where

85% Selected
recru itment stops
Interpulse interval

15% Selected
variability
Variation in discharge
rate with force 150/<- Selecled
(wlr dis)
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Typically, the MNF will increase with increasing
electrode separation. The reason behind this is than an
increase in electrode separation leads to ,I larger pick-up
area, which in turn increases the crosstalk 141. The errect
or electrode location on the MNF is determined by the
main contrihutors to the sEMG signal at that location, i.e.
whether the MNF will increase or decrease with
incrcasi ng inlereleelrode distance depends on thc relat i ve
contribution, or the propagating and non-propagating
COll1pol1l:nts. For example, ir the electrode system is

located close to the tendon, an increase in the MNF can
1)(; expected relative to the MNF observed 1'01' a detection
system location Illidway between the tendon and IZ
because the non-propagating components or the signal
originating at this location contribute mon: to the detected

wavcJ'orm than the components or the true EMG signal

1:11.

0 0

50 III III

The ARV and MNF were computed rrom I s long
simulated signals at the 10 transversal locations ror each
spatial rilleI'. These variables were normalized with
resl eel to the value assumed at the rirst location (00).

2.6 Sill/l/!mioll (!j'IIIII.\T!e .I'ilol'/el/il/g

Three libraries or SFAPs were created using the
analytical model described above. The muscle fibre
length was changed between the libraries to simulate
muscle shortening. A constant muscle volume was
maintained by increasing the limb and active musele
radius while decreasing the ribre length. The distance
between the centre or the active muscle and the centre or
the bone remained constant (:10 mm, sec Figure 3). The
detection system remained halrway between the IZ and
tendon region 1'01' all the simulations.

Skin
Fat
Muscle region

I----------f+/_ Bone

hgure I: The Illodel or the limb with diITcn.:nt layers. the active muscle. the location and territory or the MUs. The
location or the rour detection system centres (sec Figure 2) is also shown.
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Figure _: The spatial rilters implemented in the simulation and an S AP detected with each one.
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23 mm

68 mm63.5 mm

18.5 mm

Li mb

ctive
~Llscle---~---~

60 mm

15 mm

Fibre semi-length: 75 mm 55 mm 40 Illm

Figure 3: The muscle geometries used for incorporating muscle shortening. Increasing limb and muscle radius with
decreasing muscle fibre length can be seen. The parameters describing the muscle geometry for library I (lcft),2

(centre) and 3 (right) can be found in Table II.

Table II: Variable parameters used for simulating muscle shortening.

Library nr Limb radius Fibre semi-length Muscle radius Width Radial distance
between muscle libre(mm) (mm) (A) (mm) (w) (mm)

centres (mm)
I 60 75 15 83.29 0.29

2 63.5 55 18.5 49.58 0.31

3 68 40 23 30.99 0.34

The muscle shape was described by a Gaussian function
(also called a bell-shaped curve). given in Equation 5:

where A defines the maximum radius of the active
muscle. ~ is the longitudinal distance along the axis of the
musclc and \I' defincs the contraction width. The higher
the value of \I'. the more contracted a muscle is. The
relation between muscle volume and muscle shape is:

r(~) = A ·exp(-'·-,)
2· w-

(5)

width (w) to ensure a constant muscle volume. The
complete process is described in 1241. The values
obtained can be found in Table II. The fibre density
decreases. because the number of fibres in the active
muscle stays constant as the area increases. This is
displaycd by the increased radial distance between the
fibre centres witb increasing contraction force. CV
distribution was Gaussian with mean 4 m/s and standard
deviation 0.3 m/s 1241.

2.7 Sill/lila/ion (~/ increased IIl1lscleFJrce

The limb radius was obtained by adding all the radii of
lhc components (bone. 30 mm spacing and active
muscle). A numerical process was implcmcnted to obtain
the best values of muscle radius (A) and contraction

with d the muscle fibre scmi-Iength. A muscle volume of
83.2 cm3 and maximum fibre semi-length of 75 mm was
oblained from 1201 and used for library I (the relaxed
muscle). A fully contracted biceps brachii muscle can
reduce its length to Y2 of that in the relaxed state 1201.
Library 3's fibre semi-length was thus selected as 40 mm,
with library 2 given a value in-between the other two. see
Table II.

d
V = J7[. (1'(':.))2 .d~

-d

(6) hange in contraction force was modelled as a change in
the number of recruited ~ s. their discharge rate and
CV. The active muscle is api roximated by an ellipse with
semi-axis lengths of a = 15 mm and b = 12.7 mm. These
values were chosen to obtain the desired physiological
cross-sectional area of 600 mm2 for the biceps brachii as
given by 1201. The limb radius used was 50 mm and the
radial distance between muscle fibre centres 0.22 mm.
The fibre semi-length was set to 60 mm.

Six simulations were performed in which the contraction
force was increased from 10 to 100 % ~Vc. The force at
which the entire ~U pool was recruited was 85% ~V
in all cases. For forces higher than 85% ~VC, the
increase in force is obtained by an increase in discharge
rate only.



Voll)X( I) March 2007 SOUTII /\I:RICAN INSTITUTI: OF ELECTRICA L ENGINEERS

Table III: Variable parameters for simulating increasing contraction force.

Contraction fon:e ReCJ"uited Max dischm'ge Mean CV CV Std dev
(Olo MVC) Mus rate (pps) (m/s) (m/s)

10 IOJ 10.86 3.77 0.18

30 153 17.22 3.88 0.22
-

50 176 23.59 3.93 D.25

70 191 29.95 3.97 D.27

90 200 35 4 0.3

100 200 35 4 D.3

22

Sinc~ th~ small~st MU is recruited first, and CV is
assign~d incrcasing with MU size, the large MUs with
high values of CV are not rccruited at low values of
contraction force. The result is a decrease in the mean CV
with decreasing contraction force. This has been observed
by several authors 126 - 281. Table III shows the
parameter values that were used in the simulations.

The discharge rate of each M U was computed from
I~quations I to 4. MUs with negative RTE_tillll! values are
not yet recruited at the time that the desired contraction
strength is reached. Their discharge rate is thus set equal
to I.ero.

The mean and standard deviation of V is computed
from a summation of the CV values assigned to the
recruited MUs. from Table III the increase in CV with
contraction force ranging from 10 to 50 % MVC is more
significant than when the force increases above 50~
MV '. This agrees with experimentally determined values
ofCV increase with contraction force 1291.

When comparing the variables used for a 90 and 100 %
MVC in Tahle III, the two simulations seem identical.
The average discharge rate of the MUs will, however, be
lower for a 90% contraction than for one of 100% MVC.
The nUlnb~r of M s discharging at the maximum rate of
35 pps will thus be lower for 90 % MVC than for 100'/}
MVC.

3. R :SULTS

All the graphs in this section are shown in normalised
units (NU). Unless otherwise stated, they arc normalised
with respect to the value obtained at () 0.

.1.1 1~/Je("/ (I{IIII/scle sl/()"'ellill~ (11/ crosstalk

!"igure 4 shows the results obtained from the simulation
of the three libraries. Library I (relaxed muscle) results in
the most selective measurements, followed by library 2
and then 3. The only exception is DO. where library 2 is
more selective than library I at large distance.

NOD is the most selective filter at first for all three
libraries, but right at the end DO increases beyond NOD
in all the investigated cases.

Library I (relaxed muscle) results in the lowest values of
M F, followed by library 2 and then 3. At large distances
library 3 has a lower MNF than library 2 for the DO and
NOD detection systems.

The SO system always has the lowest MNF value. For
libraries I and 2 NOD has the second lowest MNF
values, but its values arc then exceeded by those of DO.
In the end the MNF of NOD is again lower than that of
DD. For library 3, DO has a lower MNF than NOD right
from the start, but NOD increases beyond DO's values at
large distances.

DO thus has the lowest M F values for all three
libraries at large distances. The last time its values exceed
those of DO occurs at the same distance for all three
libraries.

3.2 £/Tecl o(illcrl!osl!d c(ll1/ractiollFlI"ce Oil crosstalk

Figure 5 shows the initial value of ARV and MNF as
obtained with the different detection systems for different
values of contraction force. ARV is strongly dependelll
on contraction force, while MNF varies only slightly
when the contraction force increases. Both graphs are
normalised with respect to the values obtained at 10 0/"
MVC.

ARV increases with increasing contraction force. The
increase can be explained by the fact that more MUs arc
recruited as the contraction force increases. Since an
EMG signal is the summation of the contributions of all
the active MUs, it should increase in amplitude as more
MUs become active. The values measured at 2SO (open
markers) show a slightly larger increase than those
measured at 0° (filled markers).

The M F docs not vary significantly with increasing
contraction force. The variations do, however, appear to
be very random in nature. This observation is
independent of the circumferential position of the
detect ion system. The same is thus seen at DO and 25°
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Figure 6 shows the ARV and MNF values obtained rrom
1071 and 100'k MVC. The values ror ARV and MNF
obtained ror the other contraction force strengths lay in­
between the 10 and 100 'k MVC results. The rirst
observation is that neither the amplitude nor the
rrequency components or the various detection systems is
largely arrected hy the dilTerence in contraction force
,trength.

When comparing the ARV values. Mono. SO and DO
show a very slight increase in selectivity with decreasing
conlraction rorce. while that of DO remains constant.

The MNF values of Mono. SO and DO remain mostly
unchanged 1'01' a 100% or 10% contraction. The decrease
or NOD. DO and SO MNF with distance asymptotes at
]OU for both values or contraction rorce. arter which that
of DO increases slightly. DO and NOD have slightly
lower frequency components for 10% MVC as compared
to 100% MVC.

(a)

10().~=~

ARV

10.
2

• Mono

• S D
• DD
... DD

NU

(b)

o

1.2

5 10 15 20 25 30
Detection points (degrees)

M F

35 40
~

45

O.X

0.6

0
\1

(). -1- • Mono
~• SI) .. 'ii •
0 0• 1)1)

... NI)D 0 0
0 0

0 5 10 15 20 2S 30 35 40 45
Detection points (degrees)

Figure -1-: The ARV (a) and MNF (b) or libraries I (open markers. relaxed muscle). 2 (rilled markers) and 3 (open
markers with line. contracted muscle) with an lED or 5 mm. rat layer = I mm, skin conductivity = I S/m.
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I:i 'ure 5: The initial v.tlues of ARV (a) and MNF (b) as detected at different contraction force levels at 0° (filled
markers) and 25° (unfilled markers), fibre semi-length = 60 mm, fat layer = I mm. skin conductivity = I S/m.

IED=5 mm.

4. DIS USSION

.J. / ':'1/1'1'1 flIIIIIIS/'/1' .1!lfll'll'lIiIlM fill em.I.l/o//{

The first objective of the simulation was to establish the
relationship between limb geometry and amount of
crosstalk. When a dynamic contraction is elicited. the
ll1uscle geometry ehange~ alon' with other muscular
propertie.s (including CV. discharge rate and location of
the 11':). Since these changes all occur simultaneously. it is
very dillicull to ascribe a change in the measured sEMG
signal to a change in a sin'le muscular property. By
chan 'in' only the geometrical properties. the influence
this h;1S on crosstalk can be investigated directly.

When a muscle contracts the location of the IZ and
tendon area can slide with respect to the skin and
detection electrodes. It was shown by 1291 that this
sliding ellect could result in EMG amplitude changes in
excess of 20W;'. This may falsely be interpreted as an
increase in muscle activity. A shirt in biceps brachii IZ
position of between I and 4 cm with changes in elbow
angle was observed by 1301. while 1311 confirmed the
fluctuations in EMG amplitude with changing knee
angles. When an increase in amplitude is observed along
with muscle shortening, it is thus not clear which part of
the amplitude change is due to shifting of the IZ
underneath the detection electrodes and which part (if
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any) is due to the muscle shortening. A simulation
enables one to change selected variables and keep the rest
constant. investigating the individual effect of each
variable on the outpul.

When shortening of the muscle fibre occurs, the IZ and
tendon area move closer to the centre of the muscle.
This means that the non-propagating components origi­
nate closer to the detection electrodes. The crosstalk can
thus be expected to increase as the musclc fibres decrease
in length. This is evident from Figure 4 where crosstalk
is increased with decreased muscle length. However, the

changes are relatively small, especially keeping in mind
that the fibre length for the contracted muscle is reduced
by almost half relative to that of the relaxed muscle. This
could imply that the propagating wave components con­
tribute significantly to the detected crosstalk.

Library I simulates a relaxed muscle, with the tendon area
the furthest away from the detection electrodes. From
Figure 4 it is clear that library I always results in the best
crosstalk suppression. as expected. Furthermore

a) ARV

10°. •
~

~~
~~

~ ~NU • ~
~ ~ ~... ~

~ •10. 1 0... e •0 •0... e
• Mono I e
• SD "V e
• DD .... ,

10 - ... NDD ...
0 5 10 15 20 25 30 35 40 45

Detection points (dcgrccs)

(b) MNF

I. t • • •~ •
U

,
0.8 •...

;
~

0.6 • Mono
I• SD ~

...
~ ~'V

• DD ~ ~
iii e... DD

iii iii iii
0 5 10 15 20 25 30 35 40 45

Detection points (degrees)

Figure 6: The ARV (a) and M F (b) with a contraction force of 100 % (filled markers) and 10 % (open markers), fibre
semi-length =60 mm. fat layer = I mm, skin conductivity = I S/m. lED =5 mm.
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one would expect to sec more crosstalk in library 2 and
the most in library :1 (increasing crosstalk as the tendon
area moves closer to the detection areas). This can he
seen for the Mono. SD and DD systems. and also for
most of NI)D. At some stage. however. library 2 results
in a mon; selective amplitude response than lihrary I
(ND!) detected). This might be due to the decreasing
fibre tk:nsity with decreasing muscle length.

Increasing muscle length was lin"ed 10 a decrease in
spectral frequencies by 1:121 and 1111. while 11.+1 confirm
that Ihe IHln-propagating components will have a smaller
inl'luence with increasing muscle length becausc of the
increased dislance between Ihe source and delection
elect rodes. I\s slated by 1:15 I. M I,' cst imates arc greall y
inl'luenced by muscle fibre shortening and arc also
dependent on Ihe detection system being used. This is
cle:lr rrolll the v;lri;lbility of Ihe MNI: estimates in Figure
4 (b). especially for NI)I).

../.3 1,'lIi'c/ oj';//cl'clIscd cO///I'{/U;rl/ljill'cc all cl'O.I.lwll.

1\ similar study in which the contraction force was
increased with the same steps as in the current study. and
the I\RV and MNF were experimentally determined was
performed by 1291. The author reported that the inl'luence
of contraction force on the initial value of the MNF in the
hiceps hrachii is small. and possibly masked by other
factors. When c01l\paring the results obtained by other
:Iuthors on MNI: and contr;lction force. it is dillicult to
draw any conclusion as the results vary quite a lot from
one simulation to the next. M F variation with
contraction force increase depends on the muscle being
studied. the II~I) and the transl'cr funclion of the
ullderlyin' lissuc layers 1261. 1\ simulation sludy was
done by Inl in which they found Ihat MNI: mostly
increased and then rem'lined constanl wilh increasing
contraction forcl:. Thl:re werl:. however. exceptions.

They conclude that a 'eneral relationship between
speclral v'lriablt:s and MLJ recruitment cannot he ddined.

hlr the CUITenl simulalion (biceps brachii muscle. II:D =
5 nUll. s"in layer = I nUll and fat layer =5 mm) the MNP
docs not 1 ary significantly with increasing contraction
forl:l: (sec I:igun: 6 (b)). 1)1) is the most selel:tive filtl:r
for crosstal" rejection for :t11 or the contraction rorce
strcngths studied (I:igure 6 (a)). It is clear that a change in
thl: contraction forcl: strength did not have a significant
inl'lul:nce on cithcr thc amplitudc or fn:quency
componcnts of tlte resulting I:M(; signals. This could

also be as " result of the purely resistivl: nature of thl:
model. I\ccording to Lowery et al. 1:1611he components
in the model which eould produe' signiricanl capacitive
crfects are the nluscle tissue. fat l'lyer and s"in.
Inclusion of capacitive l:nl:cts in their model resulted in a
phase shilt o( the detected action potentials with respect
to the purely resistive model and a reduction in the
:Inlpl iIude or the non-propagal ing cOlllponent s. The
Ihickne.ss 01 the fat layer and s"in arc "cpt constant
throughout the sinlUlations and should thus have a

relatively constant dl'cc!. Ilowever. the capacitive ellccts
of the muscle tissue could inl'luence the results since the
thic"ness of the muscle tissue layer in the model changes.
Limb geometry (i.e. realistic ,s. cylindrical) is not
expected to inl'luence the results signiricantly since
Lowery et al. 1:161 concluded that an ideali/.ed cylindrical
limb model is adequate if the main parameters of interest
arc more qualitative I'catures of the EMG signal. such as
the approximate rate of decay of the EMG amplitude.
Future research could thus focus on the inclusion of
capacitiw dfects in the tissues.

5. CONCLUSIONS

The crl'ccts of two dynamic contraction parameters on
crosstal" rejection were evaluated separately. A
simulation model was used to inwstigate the ellect of
muscle shortening. and the drect of increased contraction
force on crosstalk sclectivity for four spatial filters. NI)l)
resulted in marginally betler crosstal" rejection in the
increasi ng contract ion rorce si mulat ions. When musc Ie
shortening was simulated. 1)1) was the most selective for
all the investigated situations. rollowed closely by NI)I).

The MNF estimates of the EM(j signal was clearly
allected b) muscle shortening and the accompan) ing
geometrical changes. while increasing the contraction
force did not cause a significant change in MNF.
(jenerally. the I\RV increased with muscle shortening as
well as incn:asing muscle conlraction force.

The selectivity of the detection systems was not
significantly innuenced by Ihe \arialion in contraction
rorce. This could be as a result of the purely resislive
nature of the model. I\ssessment or crosstal" selectivity
in dynamic contractions should thus. in ruture. include
capacitive dfects of the tissues.
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