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L i INTRODUCTION o ﬂ
While there have been a number of reports dealing with the effects of
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practicce on EMG parameters:most of -this researchcenters on Lhe
activity of the prime movers and their antagonists. Few studics system-
atically assess the stability of sclected EMG parameters. ol'.lnllmpdlory
postural activity ‘and lls~relauonslup to- prime mover EMG aclivity in
response’ Lo practice: Belenk'ii et al.i(1967) were one “of"the first re-
searehers to include. lower limb postural activity and upper limb prime
movef activily in- their definition of a neur ‘mue.) uhr acuvxty patlern.
Belenk’ii ét 'l {1967) reported:that practice led 16 an’ 1mprovement in
the stability of the neuromuscular activity pattern associated with uni-
lateral shoulder flexion but offered no data to support their claim.
Conversely, Lee (1980) reported considerable variabilily.in the temporal
relationships of the ipsilateral biceps femoris awd’lhc a ’lerloridellmd
during a unilateral shoulder flexion task despﬂe 280 performance trials.
Schmxdl (1985) argues that ldcnufymg mvarmnl rel'\uonshlps should

between postural" actmty 'md upper hmb 'ng st qctmty would be
highly:-variible! However if as'a res) ‘, a the motor program
begins to include lhe “postural’ componehl of the: lask invariances
between” the EMG " ] and upper limb
agonist might dcvelop Such” an'll'ldnCCS would suggest lhdt antici-
patory postural activity could be considered a component of a parti-
cular upper limb movement and would be consistent with_Brooks’s
definition of molor programs “that are based on past experience
~and that can generate postural ad)uslmentq and movements" (Brooks,
1979). On the other hand, Lee (1980) maintains that v'mablllly in
the spatio-temporal details of the neuromuscular pattern is consistent
with Bernstein's proposal of peripheral indeterminancy in the motor
system. The concept of peripheral :indeterminancy “suggests thalt he
details of the neuromuscular pattcrn mny not be mduded in a
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ceritrally. slored mgllfg)'x\'fr‘c;‘_g_r_z}sllz The purpose of the. presentzstudy! was
twolold: (1) to identify invariant spatial and tem poril:relationships -
belween anlicipalory postural and prime mover.muscle onset,activity.
Y and (2) { ) assess the possible effects.of pragtice upon. these relationships. -

t
) L [T

METHODS ,
- R ‘

Subjects

Fi\'?q-,r_igh(_.l;andg_d,..;c;p,ll:cgc—a»gcd males.with' no history--of neuro-
muscular disease:served us.volunieer subjects: Subjeets were aware of
the nature of the study and provided written consent: > . ' .

) ,,‘l.; 5‘4 . . . ;‘i i PRI - L M . P .

Procedures. - - . - S e :
:Subjects stood:one meter in-front of a black screen embediled | itha -

light.emitting diode (LED}.at approximately eye level. Subjects stood -
with,their. bare.feet:shoulder-width aparlfwilehé»l-?lié}mé(li'ill-bérdér"bf théir
hands.resting.against microswitches attached to-Velcroband§strapped -
to.,

The:subjects:were given:an’ auditory-warning stimulus
and; followi 1g.a.variable.warning interval (2,3, or 4:sec)ithe LED"was
aclivaled, Following the illumination .of the: LED, subjects bilaterally
flexed their shoulders as rapidly as possible to a position with the
extended arms parallel to the floor. Data was collected over three.
consecutive days. On day I eight blocks of 25 trials were presented with
a 2min rest period following each block. Four blocks of 25 trials-were

presented on days 2 and3. . iz
» Anstru_ientation and Data Analysis. ..~ TR

/" Electromyographic activity -was. recorded from: the biceps femoris
(BE), paraspinals,(PA) and anterior-deltoid (AD):muscles:of the right
side using. Ag/AgCl. surface -electrodes with onsite preamplifiers
(Therapeutics Unlimited). After. skin preparation involving shavingthe
electrode placement area, lightly abrading the skin with fifie sand paper
and cleansing with isopropyl;alcohol, the electrodes avere aligned with
lh(;":'di‘ﬁec‘_liidn/ of the muscle.fibers, The Anatoniic: Guide Sfor the:Electro-
myographier (Delagi et al., 1975) was consulted to determine: the
placement of the electrodes. A wash resistant marker was used at the
electrode placement site 1o ensure. identical placement position for all
three days of data collection. A ground eléctrode was placedsover-the
right  mastoid - process. Following .::additional - “amplification
(zain= x 1,000) and filtering with a bandwidth.of 10-3 KHz, "the
signals were stored at a digital sampling rate.of 1:KHz.1n addition to the
EMG signals, marker signals were recorded signilying the onset of the
LED and reaction time (the time the subject’s. hands: moved .from the
microswitches). The raw EMG signals were analyzed using a
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IBM/PC AT nucrouompuler '1nd lhc Compulerscope soflw'u'e pz\ckflge
(RC.: Electronics): Trials> <10 «(day - 1) and 391400 ' day 3) we -
individually..analyzed:=by determining -thc" onset lafencies ol' lhe’_j
monitored :muscles: relative {to>LED * lllumumllon Muscle onsct was
considered:as:theedrlicst deteétableinerease in EMG that exceeded the
base-line activation level for a minimum of 30 ms (Macpherson, 1988).

Statistical Analysis
The following procedures were applied to each individual subject’s
data. The.mcans:and standard.deviations of ‘réaction - time (RT)y and
onset latencies.for each:of the-monitored muscles were' oblamed foreach
ddy The data were tested for serial correlation and nonéwere found. An
F test for equality of variance was used to assess the stability of the RT
and onsel lalencies across days. Satlerthwaite’s modification “of (he °
Student’s i-lesti(1946) was used to.test for. dilferences‘betweer ‘dalys- of;
bolh RT and the onset Jatencies. Ratios between the various muscle-
latancy..: combmatlons were: developed and:=Sattefthwaite’s
modlﬁcmon\ov_,, he Student’s tstest was'employed:to: tesl isfdtﬂ‘erenccs ’
ween days forcach ratio. Pearson R correlations:were also developed‘
bclwcen he various muscle onsct:latency: com*bmalxons*‘Aﬁ alplm'
level ofO 05 was; ﬁdopled for: all slaustlcal tcsts

RESULTS

Order ofMuscIe Onsets PR R "

On day ! three subjects dnsplayed the followmg muscle onset ‘order:(a)
biceps femoris; (b) paraspinals; (c) anterior deltoid. This onset pattern
was labeled Pattern 1. The remaining two SUbjCClS displayed the
following onset order: (a): paraspinals;: (b)-biceps femoris; (c) anterior
deltoid. This-onset.pattern was labeled Pattern 2. The onsct pa lern used
by each-subject remained invariant across days with one excep ‘
subject.5 the onset of thé anterior deloid ‘prececded’ blccps ‘[Erhoris
activation.on Day 3.7 The finding that different subjects dlsplay dlﬂ'erenl
postural muscle onset orders to: accomplish- the’ Same task is consistent
with the- ﬁndmgs ol Horak et al:{1984), Layne et al. (1985) Layne and
Abraham (1987) ; ’

Reactwn Tune aml Musc Ie Onsel Latencies : _
The mean reaction time of:four.of the five subjects decreascd bel . een
days. | and 3. With practiceithe :mean:RTs of two subjects became less .
variable, two subjects displayed the same variability on both days 1 and-
3 while one subject became more variable (Table'1).-Ol intérestis the fact
that the two.subjects who initiated their activation pattern with the
paraspinals were-the same subjects who exhibited no change in the



7 Tablé 13 Mednis * dnd  standard” dévidtions

ANTICIPATORY POSTURAL ACTIVITY

. . ‘reaction times ind musclé onset-latendiss.

e i

ot indiv

e DAl o

BE

e IPAT s

‘AD .

‘Subject 2+

RT -
BF

AR

Subject 4
RT
BE

PA - -

AD
Subject 5
BF’
PA
AD

“«“'(Tv Lon

IS4 (dis)
2141 (432)
227-5 (40-5)

443:2);

201-3 (364)
258-3 (55'1)

2888 (628),

286°1" (27:0y
-182:4 (28:1)

1977187y

2059 (21-7)

2720 (186)
T1780 (11-2)

1654 (251)
1790 {i38)

"t 9607 (23.8) % 997 243) - -

2L E139.4210)

7 363:1:4(63:d).:.

38

R RN T

" 10594141

1699 (247) 332+
1754 (227) 3490
-183:7.426-3)-  295..

233-59(304) . 4350+
187 (339) 15
1427 (297)  3-44¢
. +1650:(309). . 43¢

5 e ERRR N

(2595 (537) 378
166'5%(537)  365°
CTITES (A3 Csane

1828 (501) 533
T C .

233"-"5 A162) <132,
1526 (180) 116
1316 (182) 190
1438 (150) 132

B N

.
N XL

L L TS LA
405 139

284% 140
XX ,|4_; “

s83¢ - jag

5250
584°

17-9
13-8

5590 I

134
136
A3
123

142
109

134,

R

494% 7.6

3790 151

164

*Indicates significaice al the 0°:05 iével,

1 F value for test of equality of variance.

$ tvalue for Satterthwaite’s modification ofi-test, .
R Py w5 LBARNATS

variability of reaction times. These two subjects were a
and had the fastest ‘reaction’ times"on botli"days (Ta
that when rdpid movement onsét” s the goal,
paraspinals prior o bicep femoris onsel m

8

strategy than initial lower limb activation, o P
Mean onseél latencies for,all muscles, for. each subject, decreased

between days | 'and 3. Ol the |5 comparisons involving muscle |
(three muscles x_five subjects) 10 reached

Iso'léss variable
ble 1), suggesting
activation of the
ay be a more eflective

atencies
-significance. The latencies of

subject 1's biceps femoris and paraspinal failed to decrease significantly

while none of subject 4's onset latencics displa
with practice (Table ). The failire to find”

yéd significant decreases
significant decreases in
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sub)ccl 4's muscle o.nscl Idtencu.s was_not, .surprising. as. lhls suojecl
'signific reaction- timesdespite the

SUbshlnlml pr.n,lu,e S - e e = e
Despite the three days of pr.u.lu.e lhurc was no clear trend for the

variability -of- the~mean-muscle ofiset"latencies o dec se belween
days | and 3 Wuh pr.\cllce sub_jcus ‘md 3 dlsplaycd lc'; ‘iriabilily in

lhe varmblhly' of thur onsets (Tdble 1) These lwo subjects were also less
variable than the :r:cm.umnl, subjects on both days:1 and 3..

Muscle Onset. La:em y Ruuos ERERS

Table 2 dmplays the ratios between lhc various’ muscle ofiset latencies
for each subject, for each day. The biceps femoris—anterior déltoid ratio
for subject’s | and 5 were the only ratios which-changed”significantly

Table 2 Means and standard deviations -of ratios of wilhin

subject mean muscle onset combinations R P
Day | Day 3. 55 I 4 df
Subject |, - LA INE

" BF/AD 082 (022) 099 (0:13) 279 213 147
PA/AD 073 (0-11) 075 (017} 245 03I 1537
.PA/BF ° 097.(0:40) 076 (0-16) 309‘ T 1S2 ll9
Subject 2 oy Y I
"BF/AD  088.(004) 093 (008) 497* . 185 125
PA/AD 094 (004  096.(0:07) . .31 085 - 142
PA/BF 1-07 (0:06) 104 (O-11), 3:38* Q74 . . .-139

Subject 3 oo TR
BF/AD 071 {0:09)  0714012) 174 004 168
PA/AD 090 (005} 086 (004) 155 168 172
PA/BF 129 (0-18)  1-25 (0-21) 147 046 174

Suhjccld ‘ L Sl .

" BF/AD 0388 (0:06) 0488 (0:09 187 021 165
PA/AD 096 (003) 094 (004) 148 vy 173
‘PA/BF 1110 (010) 109 (01T) 06 o |9 l80

Subject’s 7 . L ome
BFAD 099 (004) 107 (008)  477*  242¢ 126
PAAD 092 (009) 092012 710 006 169
PABE . 093 1010) 087 (0:12) 136 115 176

* Indicates significance at the 005 level. - PR o -
1F value for test of equality of variance.
$Uvalue for S.uu.rlhw.mc 5 modification ol‘Sludcnt s t-1cst,
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Figurc 1. chrcscnlanvc lnals ©ofEMG.from day I (A). zmd dny 3B dlspiaymg dlﬂcrcm RTs bu(
mvarmnl rclauvc umc of musclc onsels.. ' SR '

between days Tand 3. For both of lhese subjects the change m the biceps.
femoris= antenor deltoid ratio can be | primarily allnbuled to. lhe large A
decrease in antenor deltoid’ onset latency ‘The vanablllty of lhe ratios

for each’subject was generally stable between days 1 and 3 wuh the

exceéption-of subject 2 whose vanabxlxty si gmﬁcan tly increased for lwo of
the three ratios: Figuré 1- dlsplays a smgle trial’ EM,G data for. day 1

and 3. It‘can be observed that despxte dxﬂ“eren s in absolute muscle

onset latencies (relative 16 the movement sumulus) lhal the tcmporal-
relationships between the various musclé onsets‘is unchanged
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“Table-3- -Correlationcoellicients between first Gnset of postiiral muscle activity and
{anterior deltoid anset, for each subject. for both Day | and Day 3.

Subject

i :;_:Vv: ;- ) 3 e

‘Muscle combination ~ PA/AD  BF/AD  BF/AD  BF/AD  PA/AD -
Dayl .:inge  070° 0-38¢ 068%. - 083 . 075"
‘Bayd - - 063 0-73¢ 079+ 087¢ 051

* Indicates significance at the 0-05 level.

A

Correlanons between Muscle Onsets

High corrclations between the first onset_of postural_ activity. 'md
anterior:deltoid Gnset were found for all subjects. OF tlie?10 correlations,
nine reached significance with the exception being subject 5's correlation
between the paraspinals and anterior deltoid onset on day 3 (Table 3).

DiscussioN

The high correlations between the: t.onset .ol -postural aclxvnty and
anterior deltoid onset, regardlcss ‘of the neuromuscular. acuvatlon
' pattern utilized by the subject, indicate a coupling of thé” postural
response and the upcoming limb movement. Cordo and Nashner.(1982)
hypolhesxzed (hat il postural activity § ;rxggé}cd by the stimulus then
-the onset latency of the initial postural response. would be “fixed in
relation to the stimulus,” (p. 293). The magmtudc of the smnd'\rd
deviations associated with the onset lateicies of the mmally actnnted
postural muscles (BF for subjects 2;3;4 and PA 'Tor subjects | and 5),
indicate the latency between the onsét of postural activity and the
movement stimulus was not fixed. This- suggests- that;the anticipatory
posturalactivity was not tnggcrcd by the movement stimulus.

Cordo-and Nashner (1982) also presented-what they felt't6 be a more
plausible possibility regarding the relationship between postural '1ctw1ty
and arm movement. They suggested that if there is one command for
both the limb movement and the postural activity then “over a series.of
trials with a range of reaction times that the two, events would alw:\vs be:
separaled by an’ approxnmalely fixed time mlerval" (p 293)

However, their results did not support this p0531bll|1y Cordo and
Nashner (1982) found that the initial onset of poslural and prime mover
aclmty were nol stgnlﬁcanlly correlated durmg a handle pulllng task In
contrast to the ﬁndmgs of Cordo and Nashner (1982), .significant
correlalions belween the onset of postural activity and. the anterior
deltoid were found in the present study. These significant correlations
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.were, l“ound‘, over

,'_byethe mgmﬁcanl;
5)one~subjecl (Table 1), ~T-h:ese resulls
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ra series of.trials with a large, range of: 'nmscle -onsct

1ﬂ'erences belwcen RT for day Inndid‘ay 3 l'or all bul

‘_he.,:ack of sngmﬁcant correlatxons
rnover -onset:. reported by

ast :fo lhlS par cbiar task If both postural and
ty are: H_,lggcred by ‘one::motor. commdnd 1t is

molor,__prog»ram Ewdencc_;of mvanances n lhe relauve llmmg} of
.neuromuscular, :

‘rhn piro;- 1.984,
he relatively

C the w . ‘high:degreé of
mvana-nce of the. relallve- uvmmg of the: lwo onsels The.relauvely small

tlmmg oflhe two events is mvarlant Thevmvanant relauonshlp between
. -the. onset. :of postural an,d pnme movernacuvvty can be consndered a

S (P '13).
985) have also proposed lhatx ;postural Lacuvnty* ‘to
;dxslurbnnccs is regulated by a
HES AN e H 3.1.2‘,;:;.&.55' ik

In addmon ito explormg lhe exxslence ofmvarmnt rcl.monshlps ini lhe
spaual and ummg parameters of muscle onsets; this study.also:focused
on, the effects of practice on the stability ‘of the:relationships. Several
have. reported. lhal temporal relationships between muscle
onsets' have been altered .as-a result of practice; Normand:et.-al. (1982)
d, that an(agomsl muscles altered. their temporal: rela*uonshlp to
agomsls wnth  practicg, durmg a bi- artlcular arm-movement. - Hobart ef al.

(1974) reporled that with practice there:was a change in.the temporal

, relalxonslup between thc anterior:..and. posterior.-deltoid during a

lhrowmg task mvolvmg shoulder flexion, These results are-consistent
~withthe, predlctlon that as:skill is acquired modifications in the. ummg of
- the muscle activity occurs. (Hobart and Vorro, 1974).

The above authors investigated:the temporal relationship between the
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ionscl. of Llu, d[,omsts dnd anmgomsls‘ of - lhcxr pa {qH "_a'sk:“'

o~ Thus, dcspxlc dccrcdsus in redction nmc’ ;
rcl.mvc lmun;, ol' lhu lwo musc.lc:‘ on%ls

bulwccn lhc ﬁrsl onset of postural acuvuy and an’ten T
Jon day 1, dcspllc HE l.lr;,c mng: of rcnunon eu:

(LUdWIg, 1982) As, lhe EMG sngnal can provxd' OFim: .
lhe ncuromusculdr _sys(cm conlrols movemenl“ emﬁii’ﬁatibﬁ 6f”l‘he
Variance:iss dCLl’CdSLd with pracllcc : EEEIN RS
,,_:-Conﬂlctmg ievidence exists as to whether-the varmnce assocnled with
..musclc.onsets decreases:with practice: wig (1982 found 1 decrease in
. the.variarice.of the-onset-of the agonistwith*practice durmg an élbow
extension:taskzMooreand Marteniuk: (1986)2rcporlcd f ‘decrcuse in‘the
variance:of thé’onsel of the: antagonist-miiscle in“a’ time-constrained
¢ uppet” limb. aiming:movement with pracllc 5 ;Iowever these-same
+ subjects displayed:no:changesin the variitnce of;lhé agoms( onsel ‘with
-practice..:Lee (1980) mveshgalcd neuromuscular onset pauems, whlch
included postural and prime mover muscles ‘associated with*an arm
raising:task. She {ound no decrease:in lhe vandnc offlhe muscle onsets
over four.days of ptactice: N
In order to determine il the variance of lhc muscle’ onscls deécreased
with practice’ F.valuesfor the equality of variance were compuled for'the
various:muscle onséts(Table 1). Two subjcc,ls displayed-decreases in the
variability -of ' two of: the- three musclc onsets, {he varmblhly of (wo
subjects' remained unchanged and one subject” dlsplayed ln(.rcascd
muscle onset variability with practice. The ﬁndmg ol no universil trend
toward decreased.variability for muscle onsets is*not suprising il the
variability of the “RTs is-examined (Table1).  There’ is* perfect
correspendence between subject RT variabilily trend and indscle onset
variability trend. For instance, subject 1's'RT variability*and”"muscle
onscl variability was unchanged between Days 1 and™3, while both
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