R. H. Westgaard and C. J. DeLuca
J Neurophysiol 85:1777-1781, 2001.

You might find this additional information useful...

This article cites 24 articles, 8 of which you can access free at:
http://jn.physiology.org/cgi/content/full/85/4/1777#BI1BL

This article has been cited by 5 other HighWire hosted articles:

Differential control of the scapulothoracic musclesin humans
C. Alexander, R. Miley, S. Stynesand P. J. Harrison

J. Physiol., May 1, 2007; 580 (3): 777-786.

[Abstract] [Full Text] [PDF]

L ong-term electromyogr aphic activity in upper trapezius and low back muscles of women
with moderate physical activity

P. J. Mork and R. H. Westgaard

J Appl Physiol, August 1, 2005; 99 (2): 570-578.

[Abstract] [Full Text] [PDF]

Theinfluence of contraction amplitude and firing history on spike-trigger ed aver aged
trapezius motor unit potentials

C Westad and R. H Westgaard

J. Physiol., February 1, 2005; 562 (3): 965-975.

[Abstract] [Full Text] [PDF]

Recruitment Order of Motor Unitsin Human Vastus L ateralisMuscle Is Maintained
During Fatiguing Contractions

A.Adamand C. J. De Luca

J Neurophysiol, November 1, 2003; 90 (5): 2919-2927.

[Abstract] [Full Text] [PDF]

Motor unit recruitment and derecruitment induced by brief increase in contraction
amplitude of the human trapezius muscle

C. Westad, R. H. Westgaard and C. J. D. Luca

J. Physiol., October 15, 2003; 552 (2): 645-656.

[Abstract] [Full Text] [PDF]

Medline items on this article's topics can be found at http://highwire.stanford.edu/lists/artbytopic.dtl
on the following topics:

Neuroscience .. Behavioral Neuroscience
Physiology .. Movement

Physiology .. Firing Rate

Physiology .. Humans

Updated information and services including high-resolution figures, can be found at:
http://jn.physiology.org/cgi/content/full/85/4/1777

Additional material and information about Journal of Neurophysiology can be found at:
http://www.the-aps.org/publications/jn

Thisinformation is current as of June 7, 2007 .

Journal of Neurophysiology publishes original articles on the function of the nervous system. It is published 12 times a year
(monthly) by the American Physiological Society, 9650 Rockville Pike, Bethesda MD 20814-3991. Copyright © 2005 by the
American Physiological Society. ISSN: 0022-3077, ESSN: 1522-1598. Visit our website at http://www.the-aps.org/.

/00z ‘Z aunt uo Bio ABojoisAyd-ul woly papeojumoq



http://jn.physiology.org/cgi/content/full/85/4/1777#BIBL
http://jp.physoc.org/cgi/content/abstract/580/3/777
http://jp.physoc.org/cgi/content/full/580/3/777
http://jp.physoc.org/cgi/reprint/580/3/777
http://jap.physiology.org/cgi/content/abstract/99/2/570
http://jap.physiology.org/cgi/content/full/99/2/570
http://jap.physiology.org/cgi/reprint/99/2/570
http://jp.physoc.org/cgi/content/abstract/562/3/965
http://jp.physoc.org/cgi/content/full/562/3/965
http://jp.physoc.org/cgi/reprint/562/3/965
http://jn.physiology.org/cgi/content/abstract/90/5/2919
http://jn.physiology.org/cgi/content/full/90/5/2919
http://jn.physiology.org/cgi/reprint/90/5/2919
http://jp.physoc.org/cgi/content/abstract/552/2/645
http://jp.physoc.org/cgi/content/full/552/2/645
http://jp.physoc.org/cgi/reprint/552/2/645
http://highwire.stanford.edu/lists/artbytopic.dtl
http://jn.physiology.org/cgi/content/full/85/4/1777
http://www.the-aps.org/publications/jn
http://www.the-aps.org/
http://jn.physiology.org

RAPID COMMUNICATION

Motor Control of Low-Threshold Motor Units in the Human
Trapezius Muscle

R. H. WESTGAARD'? AND C. J. DE LUCA
INeuroMuscular Research Center, Boston University, Boston, Massachusetts 022F®jdsin of Organization and
Work Science, Norwegian University of Science and Technology, N-7491 Trondheim, Norway

Received 26 April 2000; accepted in final form 17 November 2000

Westgaard, R. H. and C. J. De LucaMotor control of low-threshold ron pool from supraspinal motor centers (De Luca and Efim

motor units in the human trapezius muscle.Neurophysiol85:  1994; De Luca et al. 1982), either caused by graded intrir]
1777—1781, 2001. The flrlng pattern of low-threshold motor units W%%”ular propertles (eg' |nput reS|Stance)' or graded efficac
examined in the human trapezius and first dorsal interosseous (FQl aptic input to motoneurons, or both. This hypothesis|
muscles during slowly augmenting, low-amplitude contractions th% tractive in that it provides a sirﬁplified scheme for the cont

were intended to mimic contractile activity in postural muscles. Th f tout f le H " b dt
motor unit activity was detected with a special needle electrode a E orce output Irom a muscie. However, It can be argue

was analyzed with the assistance of computer algorithms. The surf4é@ common drive control scheme is not advantageous
electromyographic (EMG) signal was recorded. Its root-mean-squét@stural muscles, which must generate a sustained force
(RMS) value was calculated and presented to the subject who usefut. By this scheme, low-threshold motor units are requireg
to regulate the muscle force level. In the trapezius, there was minimadaintain elevated firing rates over long time periods even
if any, firing rate modulation of early recruited motor units duringnoderate force levels, which may cause premature fatigu
slow contractions£1% EMG,,,,/s), and later recruited motor unitsSthese motor units.

consistently presented higher peak firing rates. As the force rate of thg¢ is known that the human trapezius muscle is commo
contraction increased (3% EMG,/s), the firing rates of the motor ;.,qlved in sustaining prolonged contractions from postu

units in the trapezius approached an orderly hierarchical pattern w, mands (Jensen et al. 1993a). We know from our previ

the earliest recruited motor units having the greatest firing rate. In K that thi le h h id f1h |
contrast, and as reported previously, the firing rates of all motor unft©'K that this muscie has shown evidence or the unusual m

in the FDI always presented the previously reported hierarchicg®trol feature of motor unit substitution, which presumak
“onion-skin” pattern. We conclude that the low-threshold motor unil8€Ips to delay motor unit fatigue (Westgaard and De LU
in the postural trapezius muscle, that is the motor units that are md§99). Conceivably, there may also be adaptations to the m
often called on to activate the muscle in postural activities, hag@ntrol scheme in force-varying contractions that act to de|
different control features in slow and fast contractions. More detailédtigue. We have therefore examined the firing behavior

analysis revealed that, in the low force-rate contractions of the trapgw-threshold trapezius motor units during force-varying ca
zius, recruitment of new motor units inhibited the firing rate of activgactions of low force and long duration.

motor units, providing an explanation for the depressed firing rate of
the low-threshold motor units. We speculate that Renshaw cell inhi-
bition contributes to the observed deviation of the low-threshoMETHODS

motor units from the hierarchical onion-skin pattern. Twenty experiments [12 on the trapezius, 8 on the 1st dof
interossius (FDI)] were performed by 11 healthy subjects, 9 males
2 females, whose age ranged from 25 to 51 yr. Each subject read
INTRODUCTION signed an informed consent form approved by the local Institutio
Review Board before participating in the study.
Many studies have shown that the average firing rates of

motor units during force-varying contractions have a hierafrapezius experiments

chical organization, with higher firing rates for early recruited

units (De Luca and Forrest 1973; De Luca et al. 1982; Persorf he subjects were seated in a chair. Straps were placed ove
and Kudina 1972; among others). When mean firing rates Q;foulder_s and connected to force transducers belo_vv each shol
motor units with different recruitment threshold are plotted fofNe Subiects were asked to generate force by elevating the shoul

- . : - e contractions were performed bilaterally, but experimental d
a contraction with a trapezoid fo",ﬁce. profllg, Ehe complemewgre only collected from the right trapezius. The contraction level v
presents the appearance of an “onion skin.” That is, at

. e aWntrolled by tracking a target signal consisting of a visual displayj
given force level, the lower-threshold motor units fire at greatg{ root-mean-square (RMS) value of the detected surface ele

rates than the higher-threshold units. It has been hypothesizggghgraphic (EMG) signal. The RMS value of the EMG signal is mo

that this phenomenon is the result of the hierarchical responggable and therefore more difficult to use for tracking purposes tan

of individual motor units to a “common drive” of the motoneuthe shoulder elevation force. However, the synergies of large mus

Address for reprint requests: R. H. Westgaard, Div. of Organization andThe costs of publication of this article were defrayed in part by the paym|
Work Science, Norwegian University of Science and Technology, N-74%f page charges. The article must therefore be hereby mawebe:ttisemerit
Trondheim, Norway (E-mail: Rolf.Westgaard@iot.ntnu.no). in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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that potentially contribute in shoulder elevations allow considerablevel, similar to those observed during normal use of the
inter- and intra-individual variation in the association between mot@rapezius (e.g., Jensen et al. 1993a). Figure 1 shows resulfs o
unit firing rates and force output. The control of contraction level byy\w-contraction-level experiments on the trapezius and HDI
the surface EMG signal recorded from the same muscle region as fjgscjes; tracing a trapezoid EMG activity profile that reacHed
trapezius motor units was therefore preferred. Contractions with ranR als of approximately 10 and 20% EMG. Figure 1,A-C

and trapezoidal surface EMG force profiles were performed. How:

ever, all experiments did not contribute data for all force profile ]ustrates the typical motor unit activity pattern in the trapezipis

either because motor unit firing rates could not be successfully detgxPeriments, observed in all of 10 experiments with loyw-
mined in some contractions or because force profiles were exclude@@itraction level and a trapezoidal force profile. Each papel
consideration of the overall duration of the experiment. The overdiicludes an example of a motor unit recruited at a very Ipw
duration of the experiments was limited to approximately 2 h, to avottireshold £2% EMG,,,,) and which maintains a lower firin

undue strain of the subject and possible late fatigue effects in the firirate than later recruited units during the trapezoid contraction.
rates of the low-threshold motor units. The number of experimerigote that the later recruited motor units in FigC,where a

with the successful implementation of a specific procedure is listedfigrce profile with faster rise time and higher amplitude is usgd,
RESULTS tend to follow the onion-skin pattern, and the lowest threshpld

The surface EMG signal was detected with an active parallel-bar : - : .
by 10 mm in size and located 10 mm apart) differential electrode. T tor l.mlt pr.esents a firing rate behaVIO'r that is approaciing
e onion-skin pattern. The corresponding panels of Fig| 1

electrode was positioned with the medial bar 20 mm lateral to t .
midpoint of the line between the Gpinous process and the acromioriD—F) show that motor units of the FDI muscle, detected (at
(Jensen et al. 1993b). The surface EMG signal was band-pass filte3&Bilarly low thresholds, attain the highest firing rates apd
at 10—1,000 Hz and the RMS value calibrated as a percentage of fiesent the orderly onion-skin phenomenon. This firing rate
EMG activity detected at the maximal voluntary contractiopattern is consistent with previous reports of FDI motor unjts
(%EMG,,,,) level. The intramuscular EMG signal was recorded by i trapezoid contractions with faster rise time and higher c¢n-
quadrifilar wire electrode, consisting of four strands of &@-diam, traction levels (De Luca and Erim 1994; De Luca et al. 198
nylon-coated Ni-Cr wire bonded together and cut transversely t0The firing behavior of low-threshold motor units was al
expose only the cross section of the wires. The wire bundle was pla mined in contractions where a trapezoidal force pro

od”

@

in a 27-gauge needle, and a hook was formed at approximately 1 mm 9
from the exposed end of the wire. The needle was inserted to a depth A D =
of approximately 10 mm, at a point approximately 10 mm medial to 25 100 25 100 o
the midpoint of a line between the,Gspinous process and the 5 3 g
acromion. The needle was removed and the wire bundle remaineg?° 80F g0 > |3
lodged in the muscle. Three pairs were chosen as the differential inpt 15 60 i @15 = =l
to the amplifiers. The signals were band-pass filtered from 1 to 1@ g ¢ E =3
kHz. All the EMG signals were stored on a FM tape recorder. 2 10 ; 4°§ 5’10 g S

The intramuscular EMG signals were decomposed into the individs s | 28T £ %
ual motor unit firing trains using the Precision Decomposition tech- 0 0 s o ~ Q
nique (De Luca 1993; De Luca and Adams 1999; Le Fever and De i o
Luca 1982). This technique uses template matching, template updat- E Time (s) <
ing, firing probabilities and superposition resolution to identify the 25 100, 25 100 o S
individual firing times of the motor units with up to 100% accuracy _ 80@ =20 80 )9> o
(Mambrito and De Luca 1984). The firing rates were obtained byg g g 2 3
passing the time series of the inter-pulse intervals through a Hanning 15 60 215 60 2 ~
window and inverting the output. The Hanning window has a low-& 0 g T 0 B ~
pass filtering effect, attenuating fast, transient changes in motor ung < E E =1
firing rates. L s 20 § ts 20§ [N
FDI expenments 0 10 20 30 40 & 0 10 20 30 40

The subjects were comfortably seated with their forearms resting on 250 Time (9 100 25 F Time (9 100
a flat surface with the hand and forearm secured in a restraining device ) g
(De Luca et al. 1982). The device immobilized the hand and wrist by& 2° 80'¢ 220 z
means of a finger mold and a strap. The FDI was held at maximur@f 15 60 i 315 S
length by fixing the thumb at nearly 90° angle to the index finger. AZ & 3
quadrifilar needle was used for intramuscular recording (De Luca ef ° 0z gio !
al. 1982). (For this muscle a needle electrode is preferred in that It s 20}1\3 T 5 go
allows more flexibility in searching for low-threshold motor units.) s o -
The surface electrode, which was the same as for the trapezius re 0 i 0 20 30 40

experiments, was placed in the middle of the muscle (Erim et al. Time (s) Time (s)
1996). The muscle contraction level was controlled in the same way ; -
as the trapezius experiments, by tracking the visual display of tpe'® L: Root-mean-square (RMS) detected surface EMG activity pattern
. - Ully drawn lines with shading underneath) and firing rates (broken lines) of

RMS vglue of the detected surfa_ce EMG. S'Qr_‘a'- The mtram_us_c_u pezius A—C) and first dorsal interosseous (FID-F) motor units during
EMG signals were decomposed into the individual motor unit firingy.s contractions tracing a trapezoidal activity profile. Electromyograph
trains by the same procedure as described for the trapezius musqemc) amplitude levels reach approximately 2 8, D,andE) and 20% C
andF) EMG,,,,. The firing rates are low-pass filtered at 0.5 Hz. Theyedkis
RESULTS is calibrated to show firing rate in pulses per second (pps); the yigixis
. . . shows RMS-detected surface EMG activity in %EMG Asterisks in this
The majority of the experimental procedures consisted ﬁgure and in Fig. 3 mark points where a motor unit no longer is identified wjth

contractions of low force and slow modulation of the forceertainty.

[
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reaching approximately 20% EMG, was superimposed on a A

low-amplitude constant-force contraction of 7% EMG to 80

mimic an activity pattern observed in trapezius during normalg 2°
usage. Results from one trapezius and one FDI experiment afe20
shown in Fig. 2. The firing behavior of trapezius and FDI§ 15
motor units in this procedure conforms to the pattern shown irg 1o
Fig. 1. In the trapezius muscle, new motor units recruited® 5
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during the trapezoidal contraction have higher firing rates than | ___....ssmeion |

units already active (Fig.”&, observed in all of 5 experiments).

The new recruited FDI motor units have lower firing rates, and .
the onion-skin appearance of the firing rates is preserved (Fig. *°

2B). This behavior was observed in all of four experiments.

Firing behavior was further examined in sustained ramp; 2

contractions (Fig. 3). Figure 30—C, is from the trapezius

muscle and shows firing rates of motor units during rampg 1o

contractions at 0.05, 1, and 3% EMG/s. Figure 3,D-F,

shows firing rates of FDI motor units for ramp contractions at |
similar force rates. In case of the slow ramp contraction of

0.05% EMG,,,/s (reaching 10% EM(G,, in 3 min), the motor

units of the trapezius muscle showed little evidence of rate
modulation, and later recruited motor units had higher firing& °

rates than early recruited motor units (observed in all of

experiments). In contrast, FDI motor units in the same slow 1°
ramp contraction showed a weak, but clear firing rate modus 10

lation and preserved the onion-skin control pattern (F@).3
This behavior was observed in all of seven experiments.
ramp contractions with a force rate of 1% EMG/s, there was

cross-over of firing rates of early recruited motor units for the

trapezius muscle (Fig B; however, later recruited motor units
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FIG. 2. Trapezius A) and FDI B) experiments with a trapezoidal EMG
activity profile (rate of increase 1% EMG@G,/s to reach 17% EM@,,) super
imposed on a static contraction (7% EMG). RMS-detected surface EMG

activity pattern (fully drawn lines) and low-pass filtered motor unit firing rate
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FIc. 3. EMG activity pattern (fully drawn lines) and motor unit firing rate
(broken lines) in ramp contractions. Three trapezius and 3 FDI contracti
with rates of incline 0.05% EM@G. /s (A andD), 1% EMG,,./s B andE) and
3% EMG,,,/s (C andF) are shown. Vertical axes as in Fig. 1. All firing rate|
are low-pass filtered at 0.5 Hz. Adjacent averaging is performed with ti
windows of 0.5 s A andD) and 0.25 sB, C, E,andF) to improve clarity.
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tended to follow the onion-skin control pattern. In contrast,
FDI motor units followed the onion-skin control pattern (Fi
3E). At the moderately fast rate of force increase of
EMG,,.,/s, motor units of both muscles responded with firi
rate increase according to the onion-skin control pattern (
3, C andF). This behavior was observed in all of five ra
contractions with the trapezius muscle and is a common
servation in studies of the FDI.

Firing rates of trapezius and FDI motor units recruited bel
10% EMG,,..are summarized in Table In contractions with
force rates=1% EMG,,,,/S, the trapezius motor units recruite
between 5 and 10% EMG, (denoted as later recruited mot
units) reach higher peak firing rates than motor units recrui
below 5% EMG, ., (denoted as early recruited motor unit
Firing rates on recruitment are, however, quite variable, e
cially in slow ramp contractions (note large SD and rang
Firing rate modulation in ramp contractions is particula
evident when the rise time changes from 1 to 3% EM@&
(Fig. 3C and Table 1); however, the few motor units tracked
sufficient length of time with the “fast” rate of rise make t
firing rate statistics less certain than for the other protoc
The contrast between trapezius and FDI motor unit firi
behavior is evident for both the slow and fast ramps. In sl
ramps the firing rates of the FDI motor units are markeg
lower than the corresponding trapezius motor unit firing rat|
;’here is only marginally higher firing rates of FDI motor uni

(broken lines) are shown. The firing rates are low-pass filtered at 0.5 Hz dhtramps with rate of rise 3% compared with 1% EN(s.

adjacent averaged with a window of 0.5 s to improve clarity.

We commonly observed depression in firing rates of act
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TABLE 1. Firing rates of trapezius and FDI motor units recruited 1979), and the lower limb muscles in the cat (Hoffer et
in ramp contractions4 s after recruitment (defined as sustained 1987). Proximal extremity muscles show less firing rate mgd-

firing rate >3 pps) ulation than distal muscles, but the control scheme with first
- recruited units reaching the highest firing rate has been don-
Category n Firing Rate, pps  gjstent in all these studies.

Slow contraction (0.05% EMG./s) We have shown tha.t the FDI follows the same pnion—s in
motor control strategy in low-level, slowly augmentingX%

Tr%‘;flzy'“,\jUS* 1 11.0+ 3.6 (5.1-15.7) EMG,,.,/s) contractions typical of postural activity, as has
Later MUs*t 13 162t 4:7(7:6_24:8) previously been demonstrated for force-varying contractigns
FDI with faster rise time (De Luca and Erim 1994; De Luca et fl.
Early MUs* 31 7.7+ 2.4(4.0-13.4)  1982). The trapezius muscle shows a motor unit recruitment
Later MUst 17 7.8t 1.6 (4.9-10.9)
. A o
Moderate fast contraction (1% EMG/s) 20 ] $ 5
Trapezius | [
Early MUs* 11 15.7+ 2.3 (11.9-19.0) 0 4
Later MUst 16 19.6+ 1.5(17.1-22.1) o 3
FDI ° °
Early MUs* 17 14.3% 3.6 (9.3-22.2) o s
Later MUst 10 14.0- 3.0 (12.0-21.1) 2 @
i 1
Fast contraction (3% EM@,,/s) é
Trapezius ﬁ
Later MUst 5 28.2+ 2.8 (23.9-31.1) =
FDI o
Early MUs* 8 16.5+ 2.0 (14.6-19.2) 140 150 160 170 [
Later MUs* 10 17.3+ 2.9 (13.1-23.0) 100 110 120 .}_30 0150 160
B ime (s)
Values are means SD with range in parentheses;is number of motor l
units. FDI, first dorsal interosseous; EMG, electromyograph; MU, motor 151 ¢

unit. * MUs recruited<5% EMG,,,, T MUs recruited between 5 and 10%
EMG

trapezius motor units following the recruitment of new motor
units. (This phenomenon was more easily observed in contrac-
tions whose force increased2% EMG,,/s.) Figure A
shows a segment of the data in Fig\ & higher resolution. The
firing rates of three early recruited motor units are shown,
while vertical arrows indicate time of recruitment of the late
units. A marked depression in the firing rate of the unit re-
cruited at 105 s follows the recruitment afotor unit 6 at

145 s. Later, there is a depression in firing rates of all three C Time (s)
units, following the near simultaneous recruitment of two more 25.

units (units 7and 8 at 155 s). Depression of early recruited
trapezius motor units in force-varying contractions is further-
more strikingly illustrated by the firing rate behavior in short-

Firing rate (pps)

(*™om3%) Aianoe snizedes|

/00z ‘Z aunt uo Bio ABojoisAyd-ul woly papeojumoq
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Q.
duration spontaneous “glitches,” observed several times in this Y o
experimental series. In FigB4the firing rate of two trapezius g 3
motor units reversed into a depression halfway into the rising £ £
phase of a 2-s glitch. In contrast, the firing rate of FDI motor - f\;
units traced the envelope of the RMS value of the surface EMG m
during similar force glitch (Fig. @). f)
DISCUSSION 245 250 255 260

Time (s)

The onion-skin motor control behavior is a consistent find- ) ) o )
. . . . . FIG. 4. A: expanded view of contraction in FigA3Fully drawn line shows
ing in force-varying contractions of extremity muscles. It haﬁMS-deteeted EMG amplitude level; broken lines show firing rates of egrly
been demonstrated for FDI (De Luca and Forrest 1973; [&ruited motor units. Vertical axes as in Fig. 1. The vertical arrows indichte
Luca et al. 1982), deltoid (De Luca et al. 1982), flexor pollicigme of recruitment of higher threshold motor uni.and C: sections of
longus, extensor pollicis (De Luca and Mambrito 1987), tibfecordings with Fra”Sie”tlgclreazegliD’; 'E:';"S’Tﬁmg"t“de at hr:ghc}im?f;esho'“t on,

; ; . ; m the trapezius muscleBf an . The 2 arrows irB identify the
alis anterior (De Luca et al. 1996; S.taShUk and de Bruin 19_8§§rresponding time points in the recordings of RMS amplitude and motor ¢init
rectus femoris (Person and Kudina 1972), abductor digjting rates. The firing rates are low-pass filtered at 0.5 Hz and adjadent

minimi (Tanji and Kato 1973), brachialis (Kanouse et ahveraged with time windows of 0.5 #)and 0.1 s B andC).
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pattern that conforms to the onion-skin control behavior durifgFFERENCES
.relf?-nvely faSt force-varying contractions, bUF reverts to & qUazk EE ano Suzuki I. Recurrent inhibitory connexions among neck md
itatively different motor control scheme during slow contrac- toneurones in the caf. Physiol (Lond)383: 301-326, 1987.
tions. Under the latter conditions, which represent a typicBkoman H, De Luca CJ,aND MAMBRITO B. Motor unit recruitment and firing rate
operating mode of the trapezius muscle, there is minimal jfinteraction in the control of human muscl&ain Res337: 311-319, 1985.
. . . . ' DE Luca CJ. Precision decomposition of EMG signaléethods Clin Neuro-

any, rate modulation of early recruited motor units and the Iaterphysiol 2 1-28. 1993
recruited motor units reach higher firing rates than units abe Luca CJ anp Abams A. Decomposition and analysis of intramusculg
ready active. electromyographic signals. IrModern Techniques in Neuroscience R

Trapezius is the only muscle among those listed that mus?eaFCh,Ed'tgggby W'ndhOFZt U and Johansson H. Heidelberg, Germa

; ; : Springer, 1999, p. 757-776.

meet predommant postural task requ're”.‘e.”ts- The deviant gSLUCA CJanp ERiM Z. Common drive of motor units in regulation of muscl
tor control features, observed during mimicked postural CON+<orce. Trends Neuroscl7: 229305, 1994.
tractions make the trapezius better adapted to provide a SbiStuca CJ, FoLey PJ,anp ERiM Z. Motor unit control properties in constant

tained force output, in the sense that low firing rates delayforce isometric contractiond. Neurophysiol76: 1503-1516, 1996.
fatigue in the low-threshold motor units DEe Luca CJaND ForRrResTWJ. Some properties of motor unit action potenti
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