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| Aasrnlgr
/f The object ofvthis thesis uas'to*exaline’instrnctlon dependent
| modula tion of amplitude of the short.and long latency coaponents
of the stretch reflex'in human rrist flexors. Two experilents

- were perforled using repeated trials and four levels of -

perturbatlons. Background luscle actlvatlon vas controlled us1ng
a constant biasing pre load.

In Experilent I,the effect of instructions to "conpensate“,

Met goﬂ or "assist" the. -imposed perturbation was exanlned in - ——~ww77%:
one group of subjects umder twvo. separate»condltlons of | . ‘%
N | instruction: 1) aixed 1nstruct10ns and 2) non:alxed %
instructions. In Experiment [I the effsct of "colpensateﬂ.and
"let go" inStructions was compared for tvo age groups, one much
. ol der than the other (Group 1 age range='24-30; diizp 2 age , p
range= 50-69). The relationship betveen modulating b{lity and
voluntary kinesthetic reaction time was examinei in both -
experinents, : B ' ‘ e e

In Experiment I, when instructions vere not mixed,

-
T e LI N R I NS

instruction dependent chan ges wereiseen in muscle be:kground .
activity. Modulation of the amplitudes -of both the short and the
long latency conponents of the stretch reflex were also

observed uodulatlon of the short latency reflex conponent was

dependent on the direction of change\of background ac tivity

whereas that of the long latency component was independent of

the changes in background. In the mixed instruction paradigm, no
changes occurred in the background and hence no modulation of 5

- - -
5
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shbrt latency reflex alplitude vas. ohsefved.iﬂowevg:, modilation

of the long latency reflex conponent vas still observed, Just as

-

%n the non-mixed 1nstruct10ns paradigm.
.eé. -In Bxperllent 11, similar amplitude lodulatlon vas observel ,"

in t&égﬁvo age groups for both reflex couponents. The: only

statistically siglflcant age group difference was the presencg

'
‘ Fron both experllents no strong relatlonshlp elerged

betwéen,ahlllty to modulate reflex anplxtqde anl kinesthetic -

R O S

reaction time.
The data gathered here support the existence of separ;te

N neural pathways for the shoft and long latency conponents of the

stretch reflex, and 1ndlcate that there are little, if any, age

related ‘bdiflcatlons 1n these neural pathvays up to the sixth

decade of life. 4 ' e

%, S k,a
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' secondaries (type II) are 1nVOlVed, with the1r relat1v=

velocity of stretch ([Matthews and Stein, 1969) and duration

1nvest1gatlon 51nce the turn of the century and the t1ne of

w
2 EONEEE P

. CHAPTER I
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- ' ) :
v [ . r
. L Ao ST " : ' > .
notor reflexes consist of specific muscular responses to

/

spec1f1c s1tes and types of stlnulatlon.rﬁesponses are generally

. S U I S

related to their stlnulus in a strongly stereotyplcal manner, A

demonstrating faxed 1nput-ontput relatlonshlps (Hennaman, 1980).
The response Ofﬁ muscle to stretch con51sts of a reflex

contractlon 1n1t1ated by EHG acf1v1ty startlng from B to 37 msec

C

from the start of stretch, depend;ng on the muscle (Marsden, ] :
Herton:andruorton, 1973a) . This reflex conStraction has
traditionally been termed "tendon jerk" if ellc1ted by a tap teo

o

the tendon, and "stretch reflex" 1f e11c1ted by relatlvely slow

o K A P 8 S sk w183 0

.

rates. of stretch (Harsden Herton and Morton, 1973a) . Afferent

e

inputs nedlatlng the reflex contractlon'orlglnate predominantlyn

§

fron.hnscle spindles. Both sp1ndle pr1mar1es (type Ia) .

i R S 9

importance being deternined’by input<characterlstlcs.snch as

(Henneman, 1980)

The stretch reflex has been. the subject of 1ntense

i \

Sherrlngton. Followlng hls conceptuallzatlon of the stretch
reflex as a prolonged tendon jerk in 1924, the same neural

mechanism became accepted for both responses (Marsden, Merton

<
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»

and Morton, 1373b. Eonseqnen£i77Aﬁntii*tecenti&Tuthe*stretch*f*L' **********
fefléx vas donsidered td‘be si;ple and spinal, nediated,by a : :~.w
neural cifcuit invqlvingxdne Or mor2 synapses between afferent
and efferent limbs of the loop. This 5ppealingly simple
conceptualization of the streich re;lex"was later challengead by
the work of Hammond in the mid 1950°'s. :

Bhilé tes£ing the load conpensﬁtionjgypothesis.of strgfcp
reflex function, Hammond (1954, 1956, 1960) des:ribei, in human
bi ceps, the occurrencé of two seﬁarate components of reflex EHG\‘;
écfivity. iheﬂfi;st'cOnponent, a£ a latency of 18 or 20 n§ec,; |
seemed to correspond to the well éstablished spiﬁai’réflex arc.
The second qqﬁéonent of activity followed a period of,EHGr !
quiessenée aﬁ% began at about 50 msecz. That an altiéether
separate and different neural mechanism was likely to be
responsibie fér gge second component was immediately suggested
by the dissociatiqﬁ of the two célponents in response to prior
instructions. It was observed that imstructions io_"let go when
pulledﬁ could effectively suppress all activity starting at 50
msec, while fhe initial response, referred to agithe "t endon
jerk response™ by the author, was not at all affected (Haammoad,
1954 and 1956) . |

Since the ;atency of the second EMG component was much less
than that for voluntary activity (later;than”JDD,msec),yet much
longer thaniany required by monosynaptic ttgggnissiop, it vas !
suggested that an altogether different neural circuit mediatel

the second conponent{ A longer loop, omne involving higher ° —t



centres controlling alpha and gatta::outes—toﬂtﬁe—nuscfes%ganﬁﬂf~%fmm—w

possibly the cerebe%lﬁn, vas ;roposed to be operatihg - .
Sinulta&eously with fhe sho;ter, épinal pathway Ehamnond, 1966).

éhértly theréhfter the sensorimétor cBrtexAbegan to gepiacé
the cerebellum as the most.likely site of affereﬁt-efferent
linkage for long loops. The doqunenfation ;f.direct projections”
of 1Ia afferents‘to area 3a, in the baboon (Phi;lips, 1969),
provided anafqhicalrevidenée f;r the circuitry of the
hypothesized }pops, and also placed theam within an évolutionary
context. It was suggested by Phillips that long loosp (and
modifiable) stretch reflexes might be repla:i;g the moré
pr.nitive,<stéreotyped, spinal loops in higher primates.
Ascending the evolutionary sca le, direct cortico-motoneuronal
projections are éreéent in nécaques (ﬁrown,,nilher-Brovn, Ball
and Girvi9,‘1978),‘bettér‘devéloped in ‘-haboons (Phillips, 3969) . »
and most dénse ;n man (Brown et al,'j978).

Proprioceptive afferent linkabe to motor cortex has been
vell established in primates. Opeh léop investigatibns
established firing rates of both pre- and post-central neurons
a € responsive to mechanical perturbations of hand position in
lonkexsﬂsandlto be timed appropriately to contribute to long
latency suscular activity beginning at 35.lsec (Evarts, 197;;
Evarts and Tanji, 1974). Pyramidal tpadt,nen;qﬁs,jidgntified by
antidromic stimulation at the nedullﬁry level) responded to .

stretch of the arm vith a latency of 24 msec, ndn-pyramidal

neurons responded at 14 msec and post-central Deurosns even.s

-



earlrer't19 lsecfafter'start*of~timrstretchr4~5uhseqnent—ctose&44*
loop invest igations in awake lacaques hy Fetz and coworkers ha ve
suppor ted and expanded‘these findings. Usi%g spike triggered
avéraging, the se guthors s hoved that lost precentral
‘coriiCOlotoneuronal cells Hhosé output braducéﬂ postspike
facilitation of forelimb iusc}es responded to passive stretéh of
their targef muscles (Fetz and Chenef; 1980; Fetz, Finocchio,

Baker and Soso, 1980: Soso and Fetz, 1980) This rslation

%
P

between the sensory 1nput to the cortlcomotoneuronal cells and
their motor output confirmed. that they participate in a negative
feedback loop via the coortex, ‘
Invhunéns, indiréct evidence for tke transcortical nature
of long stretch reflex loops hasrbeen gathered by a nuamber of
clinical investigations., Examining the effects of lesions of the
central nervous system on the stretch reflex in humans, it has
be en repéatedlyldenonstrated tggs-lesions in the spinal cord
{dorsal colulﬁs), medial lelniscus;\internal capsule, and
" sensorimotor cortex, all result in a selective impairment of
exclusively longer latency muscle activity (2dasm, Marsien,
Herton and Morton, 1976; Conrad and Aschoff, 1977; Marsden,
'Qnerton and Morton, 1977 and 1978: Chan, uelfill anes, Kearney
and watt, 1979). Similar results have been obtained in more
accurately and experimentally lgsignédﬂ}onkels {Lee and Tatton,
1975;  lenz, Tatton and Tasker, 1983) '

In. comparing lateucy betvween tendon jerk responses an&

later activity for dlfferent muscles, it has been shown that



- this ti:eriatervakfinefeases—as~dis%&ma}4nﬁﬂmea—aeteaeare#—pee}———————%

and brain increases (Marsden, Merton and Morton 1973 (a)) and

1976 (b); Chan et al, 1979). This has been interpreted as more

ipdirect evidence for the existence of long loops,. despite soﬁe

exceptiéns to the péttetn. In humans, long latency activity for

fl exor pollicis brevis vwas not the same as for flexor pollicié

ldngus (Marsden et al, 1976). In the.squir;el monkey, long

la tency éctivity in short head of'bibeps'brachii vas 1ater than.

that in flexor carpi‘ulnaris and flexor digitorum profundus

(Lenz et al, 1983a). - SR
The importance of a tran;cerebellar foute for’thé | |

nddulaﬁion,of'supraspinal reflexes has been suggésted by 6thers

beside Hammond (Milner-Brown, Stein and Lee, 1975). In an

elegant study of afferent-efferent linkagyes in the‘farelinb

potor)cortex of cdts, the importance of cerebellar facilitaiion

of cortiéal Ta response has been shoin'(Uurphy, wbng and Ewan,

1975). Cerebellar cooling, pérticularly of dentate, d£astically

reduced the motor cortex response to Ia input, particularly that

of the second componeni, starting 22 msec following stretch.

Whether a supraspinal pathway is esseantial for longer
latency muscular activity has been questioned by a number of

investigators. Results have been obtained indicating that o

participation of highér centres is not raquired for prolonged

EBG activity. Spinal and decerebrate cats still showed multiple-

peaké of EMG (Ghez and Shinoda, 1978). All neural activity,

.

oy
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in the limbs of both spinal cats and lonkeys,(Tracey, Walasley

and Brinkman, 1980). ﬁxtensive ;erébral and cerebellar lesions

and cooling in lonﬁeyé did not affect late reéponses

differentially fron-baa:ground orvfron eariiér activity (Miller
. L

and Brooks, 1981).

An alternative viewpoint to the long loop hypothesis has

recently been advanced, fo;&owing observation of ﬁultiple bursts .
of spindle Ia afferent activity in passively e;tended huaman
wristsr(Hagba:th,‘ﬂagglund, Wailin and Young, 1981). Mechanizal ;
oscillations of tgf musculotendinous system have: been proposed ' :
aé responsible fof the repeated bursts of afferent a:tiﬁity gnd
the subsequent nuitiple ENG peéks, independently of longer
circuits (Eklund, Hagbarth, Hagglund and Wallin, 1982a). Also
supporting this "resonaﬂce hypothesis™ is thegébservation in
'spinal' cats of two bnrsts of Ia activitx correSponding to two
™G peaks (Tracey et al, ‘1980) . 4 | |
To recapituldte, evidence exists in favour both}of a
supraspinal, cortical or qerebellar, ﬁehiated long latency
respoﬁse to stretch, and of an etcid?ively spinal -
interpretation. One avenue of clarificatioﬁ of this issue is
through exalinat;bn of .the effects of instructign on the
co;pqnentsﬁpf EgGg?ctivity. If the long latency and the' short

la tency conpogenfs can, as first suggested by Hammond, be

dissociated in response.to instr&ctiogs, separate pathways would -
~be indicated. On the other hand similarity of response at both

e



"latencies would support the contention ;nat.both responses may
. be mediated by the same pathways. In the literature, four,
possibly five,~neural\nechanisns have been proposed whereby
modulation,of feflex responsiveness could occur. )

| Flrstly, 1ncreased reflex activity ~ould be ;edlgied by
1ncreased alpha-gamsa drive. Enhanced alpha notoneuron activity
w&ul&%eg&na;feste&as—xnc&ease&mﬁe&lae -baekground-activity — - —
and could resulc in larger reflex activity at botahfhort and
long latency. This has repeatedly been'onserved to occur when
levels of biasing preload to a #muscle ate.nanipnlated (Evarts
and Granit, 1976; Gotlieb and Agarval 19;; Eklund et al, 1982-
Jaegerset al, 1982). The increased gamma activity acconpanylng
the increased alpha activity would similarly enhance' )
responsiveness at all latencies.

Secondly,laltered fusimotor activity alone has been .
proposed as another mechanism for changed reflex‘tespon51veness;
This vould be manifested as an altered thresholi for reflex
respon se p0551bly unaccompanied by any change in background ‘
activity. Both components vouln then be affected similarly. Such
a lechanisn vas proposed by Iles (1977) to account for increased
‘responses in his pretibial muscle after instructions to 'reSisl'.
a perturbation;'by‘Evarts and Froma (1978)t£o account for the
'high'sensitivityfoprte-central neurons to small -disturbances; - - —
and by Dufresne,,Soecﬁting,andmierzuola,LiQBO)WLQNacconntmfor,eﬂwl,lll

changes in reflex excitability during sinusoidal movements." No

change in fusimotor sensitivity was observed, however, during



prfor"to the response in this case also and both components

A

o ' / ‘ : L
preparation for akvolgn%ary contraction in human pretibial

nﬁsclesT(Burke, uqxébn, Skusevand‘hestérnan, 1980);
. Thirdly, spinal reflex'excitability cou1d be centrally
/ - ) ' : - 5
altered by subthreshold facilitation or disfacilitation of the

P » v
motone uron pool. No measurable EMG changes would be obvious

&

fAuouldgbeﬂa££9ctadusinilaxlyfgmhatAStnetchérailet;anplitndefcaugﬁaAmuf fffffff -

be conditioned independently of backgronﬁd activity and muscle
length has been suégested in monkeys (Braitidn, Wolpaw and

Kieffer, 1982). Furfher, nohkej precentfal neurons show

 instruction dependent changes in activity vithoht concomitant

™G changeé,>prior to a perturbation’(Evarts and Taniji, 197%;
Tanf* and Evarlts, '1976). Subthreshold facilitation of the
lofbneuron pool.has also been suggested by Eklund and co-workers
{1982 (b)i for altered instruction—depgndent responses, and alss
by Gottlieb and Agarwal (1979) and Jaeger’ang éo-workers
(1982a,b). ‘ |

. Fourthly, assuiing the existence of a‘separate long loop
. for the long latency résponsé, itrcould be possible tﬁ’pre—sef
the gain of this loop sepagitely. This was the neéhanism
6riginally proposed by Hammond (1960) and also by gplebatch>and
co-vorkers (1979).;In this eveétuality no changs would be seen’
“in prior background activiggnSrinthé'firsteoapenentpﬁaé 

H

reflex response. .

Lastly, an integrative perspective proposés that modulatibn

of longer latency coaponents of EMG actiQity can be achieved by



I
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altering reactivity at both;the spinal and tbhe supraspinai loop

" levels. Within this perspective, "trenscorgical reflexes™ in an

-

~intact animal are interpreted as the product of both seglental

HcCloskey and Potter, -1979). Bquivalent instructions, "pull® and

%

and suprasegmental inputs to the notoneuron pool "brganiked for
close cooperation" (Evarts and Ffﬁin, 1981). It has been’

suggested that utilization of each Loop, spinal and suprasplnal,

—_— % ﬁ__,,, —

would. be rewveighed each time in order to be the "most
appropriate to.each set of circumstances" (5rimm and Nashner,
19781,,particularly,for mo@ulation,ofvnuscular,activity,uithf
instruction (Milner-Brown et al, 1975; Miller and Brooks, 1981).
The existing literature on the effects of instruction o
stretch reflex modulation does not provide a definitive ansver
to whe ther the two components can be dissociated. Clains o'f both
have been made since Hagmond. Evidence supporting dissociation
of the tvwo conponents has neen gathered but interpretationS*for
this phenonlenon have variedvvidely.L | | | -
InStructipns‘to "resist" or te "let go" to forced extension
of the elbow, in a'pnradign very similar to Hanlond's, resulted
in the same enhancement or suppression of EuG'ectivitj occurring

betveen 40 and 70 asec after stretch (Colebatch, Gandevia,

.6 nlet go" to perturbations of the distal joint of the thunb

resulted in amplitude nodulatlon of the late portlon, component

ko R e e,
AR

e b rviag S sl R T ol b

B, ofrthe 1ate reflex ac1tiv1ty 1f the thulb ves held statlonary
(Marsden, Merton, Morton, Adam and Hallett, 197 ; but in an

absence of aaplitude modulation.vhen the thnlﬁywas moving

0

\
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(uarSden,rﬂerton and Norton, 1976a).

Comparing "resist" and "let go" instructions to

L3

perturbatlon of wrist flexors also denonstrated that late peaks

are more easily nodifled by prior instruction than are 1nit1al

EMG peaks (Eklund et al, 1982b). However,,observatlons-that in a

traiq'of short-latency responses those closest to the volitional

response were nost affected by instruction led thesé authors to
cohclode that spinal pre-setting was responsible for‘thov
phénonenon,,and,not lonéﬁloops.

Literarure also,exists proClaiiing that both the'short_and

the long latency reflex act1v1t1es are modified by prlor

';nstructlon. It is worth notlng 3t this p01nt that Hannond Ca

himself also observed an occasional suppression of the ntendon
jerk" response at the elboiﬁfollouihg instruotions to "let go"

(Hammond, 1960).

Comparison of "compensate!" and "passive™ instructions on

human vrist responses iﬁdicatedvthat all EMG peaks were affected

by the instructions {Lee and Tatton, 1975). Similar results were

obtain ed comparing "compensate" dnd "ler go" (Lee and rﬁtton,
1978) . Although late EMG peaks (M2, M3) occurring from 55 to 85

BSeC were most larkedly affected by instructions, the earlier

act1v1ty (51) at a 1atency of 30 35 msec vas also nodulated, to

a smaller deqree. ' : -

s

Tt e i dhn
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Also at the vrlst a series of four élfferent 1nstruct10ns,
"do not react", "react to target", "react maximally", and

"3 ssist", were shown to affect magnitule of both early,

10



"nyotatic"'lactivity : curring betveen 30 and 60 msec and
"late-nyotatlc" act1v1ty spanning 60 to 120 lsec fron the
stretch»(Jaeger et al, 1982). Blceps and triceps also ‘have

delonstrated modulation of shor latengy activity vit@fa range

[y
/

of instructione (?honas, Brown and lLucier, 1977).

/) i

Results of a similar. nature hava‘been obtained for 1ower

11mb nuscles using "resist" and "let go" on human t1b1alls
‘anterior (Iles, 1977), and "re51st", "do not re51st"?and
‘"assist" op soleqswendmggst;ecnegiousVes”yetl (Gottlieb aed ]
Agarval, 1979 . . |

Modulation of ehort latency.actv1ty with instructions has
also been documented in nonhulan prlnates (Bvarts and Tanjl,»
1976) and in cats (Ghez and Shlnoda, 1978) .

At the levelipf the motor cortex, 1nstruct10n induced

changes-lnn5ct1v1ty in nonkey pre-~entra1 ne urons occdrred ’
within 200 to 500 msec of instruction onset and prior to any
perturbatiOn,‘pre-setting spinal cord refleifexcitability.
(Evarts-and Tanji, 1974). Further, the level of pyraﬂidalitract'
ne uron activity following perturbatlons to the 2lbow also was
nodulated depending upon lnstructlons to "pull" or to "push"
_(Evarts and Tanji, 1976) . - |

Lastly, ievestigations directed specifically'to examining-

the effect of nlxlng and non-mlxlng different 1nstructions “have

shown,'on‘hunan biceps, that randomization of instructions
("pronate" and "supinate") minimizes their effect on the short

'latency response (Evarts'andFGranit, 1976) . Elimination of

m



changes in tendon jerk amplitude was subsequently determined to
be the result of concomitantly abolished changeé in bﬁcférbund -

discharge'prior to the perturbation (Bvarts and Vaughn. 1978}).
%A‘ N . —'v . . .

" In summary, there are two important considerations vhen

instruction effects on refléxﬁanplituﬂe are examined. Dne,'given
. v . » : : -
b . \ )

&

the greviously mentioned dependence of reflex respohse»naghitndeA
om levels of notoﬁeuron pool excitability, it is essential to

control bgpkg:pd@?_facilitapiop of the motoneuron éoo;mptiorvto

stretch, as mentioned by Iles (T977).‘Two,rquantification of the

reflex responses is also necesséfy. Failure to do this renders

comparisons and conclusidns tenuous.

< Some of the studies mentioned above suffer from these ,'

met bodological inadequacies. I;struct%on effects were exarmined
under'a cdnditign!of no biasingvpreload by Gottliéb and Agarwal
]f979). And no quaﬁtification of résults waé‘perfornéd_by

Ha mmond (1954 to !960), uaréden and eoworkers (1976 and {9783;

Colebatch andkcoworkers'(197a, for the short latency component),

and Eklund and‘covorkers (1982).

Relationships;between.ahility'to modulate the gain of the

stretch reflex pat hwvays and other variables related to movenment

 performance have not been explored before. While a great deal is

Wkﬁ6§ﬁmab6ﬁfu7516iiéffwtéﬁéfidﬁ”fiiéfiﬁdwifswféiifiﬁﬁéﬁf?"faﬁﬁ;””mﬂ”’

aging, no.information exists on how either of these tvo

, variables are related to gain modulating ability.

12
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Colebatch et al, 1979), and of 85 msec in fleror pollicis longus

in the human thumb can compensate ap to 50% error in position

_ neuromuscular functioning. .

Kinest hetic reaction time, the tise required -to react - S

,

volnntarily to a Einesthétic stiiulus; can be very fast, in the

-

order of 70-80 msec in human biceps (Evarts and vaughn, i§78;
(ﬂarsden et al . 1978y . Voluntary reacélon time to.audltory or J-
visual stilhli are all luch-longer,‘gener;lly beyond 10 asec gzj'
__(Hammond, 1960; manﬁjnghngwle#x,eg and Tatton, 1976). k;;‘,l,;,,
Since stretch reflex act1v1ty can preceed voluntary contraction
by 1nterva}s of 25~ 40 msec in monkeys or even longer in man, 1t y
has been suggested tyat the vegxtihort klnesthetlc reactlon time

may be rendered possible by some ac1litatory effe&ts of the |

R R P S I

e
).

prior reflex activity on the lotoneuron pool (Ghez and Shinoda,

1978) .

In functional investigations of stretch reflex activity it

has been demonstrated that the long latency response iagnitude

¥ -

due to a disturbance [Marsden, Merton, Morton, Rothwell and

A b L s

Traub, 1981) angd that the lﬁgnitude of long latency activity and

of voluntary activity are‘inversely related (Marsden, Rothwell

~and Traub,. 1979). It is possible, therefore, that ability to.

‘modulate the reflex response might be related to short

kinésthetic reaction time if both are aspects of the same

The general decrease in reaction time seen with age (Suci,
Davidoff and Surwillo, 1960; Salfhousé, 1979;: Evarts, Teravainen

and Calne, 1981) amight thus be accompanied by a loss of ability _ b

s
L3
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" to modulate the gain oﬁ'réflex pathways.
at ‘ '

O PUDRES Yo

Alternatively, the‘general reduction in thSiological
plast1c1ty seen u1th age (Welforad and Blrren, 1965; Broun; 197:2;
Ca;pbell, HcConas,and Pet1t10, 1973' Grlaby, Dannesk1old-5ansoe,
Hvid and §altin,j1952)»light be glrectly reflected in orsbe -

respdnsible‘for.ﬁ reduced ability to'lodulate_reflei responses.

»%hegplastieityfef—thevleng—la%eneygfespohsewinfpaftieulazéhasg—mv~e~WAw~;

been vell document ed. Developlentally, 1t reaches adult fornm i
only around the age of 8-10 years (Bawa, 1§81) It is hlghly
suscept1b]e to 1earn1ng. Tralnlng is requ1red to produce
lodulatlon Oor response 1n the flexor hallucis longus (Harsden,
Merton and uorton, 1976b) Practlce 1lproves nodulatlon
perforlance in a variety of hulan nuscles {Hanlond 1960;vConraﬂ
and Aschoff, 1977; Marsden, Merton and norton, 1976bf}1Loﬁg
1at§ncy,§¢tivity is also high%y dependent on its contexi. Por
example, despite similar anaesthésiq“of the thumb, long latency:
activity of the thumb fle;or vas redﬁced only when the nusﬁle
vas pe;turbed vhile'adiing és a prime mover. The résponsé was
not affected when the luscle’wag\acting posturally (Harsdgn{
Merton and uortén,‘1976c). L;Stly:)no long latency responée vas

elicited by very small perturbations (+/- 1% 6f maximal force)

unless these vere mixed with large perturbations (Marsden,

~ ‘Merton and Mortom, 1979 . - "*'*”"jij*”mm~”<”*~*mm"**”ﬂ*”<m"' R

-

This thesis was undertaken to explore the

instruction-dependent amplitude modulation of the tvo components

»
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of the stretch reflex in human wrist flexors while giving

particular attention to theé methodological issues mentioned
v . ;

above. A variety of instructions were examined both mixed
together and separately.
Additionally, the relationship between.the ability to

g . .
Pl Jﬁ

modulate the components, particularly longér latency activity,

—and klnesthetICAvolﬂptaryAreactlon time was—examined: This-was—

also tested w1th dlfferént age groups to evaluate posslble age

related dlfferences of both phenomena.

2

CHAPTER 1X

METHODS

Subiject

7]

~

A ‘total of thirty-eight subjects of both sexes, ranging in -

. P ) )
age from 21 to 69 years, were recruitéd from the university

community. All subjects were right handed and were randomly
assigned to three groups on the basis of instru;tion paradigm

-

and age.

One group offflfteen subjects (8 uale, 7 female), 23 to 30

-8 — - S [

years old, was tested under tvo separate condltlons of

1nstruct10n. 1) mlxed 1nstructlons and 2) non- mlxed

instructions.

15
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The other. two groups were tested with a reduced mixed
instructions paradigs only. O0f these, omne group éonsisted of ten
o subjecté (8 malé, 2 femle) 21 to. 30 years of age. Thf other
consisted of thirteen subjects (9 male, 4 fem;le) 50 to 69,yéafs

‘old.

~Apparatus

Pertur bations extending the vrist were administéred‘by a.
vertical handle attached: to the shaft of a precision forque
motor (Aerbflex laboratories TQ B82W, typz C). The nofo}'was
driven by square pulses, 250 mseb'in duration, witH a -
servoamnplifier. Four different pulse magnitudes were used: 0.9 ,
1#5 s 2.7 and 3.6 volts. These were each superiipoéed on a
constant biésing preload of 0.4 volts. Calibrations of torque
' magnitude ¥y ith the handle positioped j:fjpcm from the shaft oﬁ
the motor established 4.0 volts to correspnd to 10,000 gm cm.

A padded horizont -platform level with the handie {
supported the subject's arm duriﬂg teétiﬁg, reducing muscular
activify other than for the wrist musculature. In posifionihg
the arm for testing the axfis of rotation of the wrist was
aligned witg the axis of rotation of the;gotor and stabiiized
with padded sidergrips. These ;ripped the foreafm just
proyiﬁally to the wrist and did not in any way impede e@}her
flexion or extension of the joint. The distance of the handle

from the shaft of the motor was adjusted for each subject, a

16



range of 7 to 10 cm so that the handle could-be held comfortably
i

in the palm of the hand with the fingers relaxed.

pun
13

' N
Angular wrist position was monitored by‘a potentiometer
(Bourns Inc.) coupled to the shaft of the torque motor. Position .
feedback was prdvided to the subject by means of a Tektroniif’

oscilloscope.

Tension at the handle was measured by two pairs of strain
gauges [Micromeasurements type EA- 13-250MQ-350) connected to a

Vishay 2310 bridge circuit.
W

4

EMG Recording

In all subjects surface EMG was recorded for wrist flekérs
ﬁsing Ag-ggcl electrodes placed 3-5 cm apart. on the medial half
of the férearm, over the flexor carpi radialis muscle. Fxtensor
EMG was also recorded for those sﬁbjects involved in Experiment
I. Grouﬁding was through a strap positioned on the distal
forearn, Fo£ recording, the ENMG signélsAwere first handpaSS
filtered (30Hz - 3KHz by Grass P15-AC pfeanplifiers)'and then
further amplified.

~Al1l-signals, along with torque pulses, light pulses (see

Instructions), tension-and position records, were recorded on an

8 channel FM tape reccrder for off-line analysis.

—

17
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Instructions s —

a

Three Aifferent instructions vere uéea to,£ell subjects ﬁow
!to respond to a forthcoging nechanically;prdduced wrist
extegsion. These were: "compensate", "let go" or "assist" and
vere clear ly defined to the subjecté. Specifically,
ncompensate’= react as quickly as.possible to tﬁe perturbation
Aby flexing tﬁe wrist ; "let go'"= actively relax,'let’the'wrist
be ext ended without resisting; "assist"= aid_thelperturbgtion by
actively extending the wrist. . ‘ %
| Instruélions vere usually given by means-of a light-box. On
the box both the colour,énd the position of the light served as
cues to the response required to be made subsequently to the
perturbation.*?acing the subdject from left fo right the lights
vere: red=compensate=flex; yellow=let go; g?een=assist= e;tend.

When only tvg/instructions vwere used the middlé yellow light was

-
covered bfﬁglack tape and the green light was now used to
signify let go. Square pulses of Qifferent aiplitudes were used
for labelling each light instfuction for the purpose of
recording and subsequent analysis. |

The three instructions were given as one of the following

paradigms.

A, 3-Choice Simple Reaction Time Paradigm:

All three instructions were used, mixed pseudo randomly.

18
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B. 2-Choice Simple Reactioh Time Paradigm: - — — =
"Conbensateﬂ and "let go® instructions only were used, again
»ixed pseudo randomly.

@

3

C. 1-Choice Simple Reaction Time Paradigm:
No light box was used. Each instruction was tested
o | ‘ . :
separately by asking the subject to repeatedly respond the

sa ne wéy to all the pseudo.randomly presen four loads.

E

T hese particula; labels have been chosen in order té
facilitate discussion éf the different éqradigns by refefring
ﬂspecifically to the number of instructions used witﬁin éach one.
In all cases the subject was instructed on how to react to the
perturbation wellvin advance of adtuélly héving io respond. The

specific reaction times measured were theréfore 'simple!' in

nature,
The whole study was devided into two Bain experiments.

Exper iment I included paradigms A and C.nExperimeﬁt II consisted

of paradigm B only. These two experiments are explained below.

19
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This experiient included 15 subjeCts in the age groﬁp 20-30
years. The pﬁrpose of thisiexperiient'was;gual: oﬁe, to
invest idate gain‘;bdulatioh éf stretch refiéx pathways.with a
range of iQStrﬁctions; two, to determine how this modu}ation is
affected by the manner in which the instructions are given.

. . .

Thé,two conditions of instruction consisted of one,
infernixing fhe instructions (3-Choice Simple Reaction Time
Paradigm) -and two, testing each instruction separately (1-Choice

Simple Reaction Time Paradigm). ‘ ( .

Paradigm A: 3-Choice Simple Reaction Time

&

In this condition the three instructions (compenéate,blet
go and assist) wefe given in random order, follouiné a .
éreprepared sequencé which was used for;qll subjects.‘The timé‘
interval between éach_perturbation was such as to ;educe the
squect's.preparatory time to a few secbnds, at the most, thus
preventing the .establishment of a ﬁa;glé ahd constant |
- preparatory set. In addition, short sequences of five or six
uninstructed wrist extensions weré éseqdo raﬁdonly intermixed
with the instructed perturbations. These attempted to evaluate
reflex mag;itude-toapertﬁfbations vhich were unéxpected and to

"

which the subject was not required to prepare a response.
-



Each of the four types of response: conpensate; let, go,
aséist and 'no-instruction!', vere paired with the four sizes of
perturhétion (0;9 vV, 1.8 v, 2,7 V and 3.6 V) and tested
repeatedly. Each pbssible instruction-load pair, 16 in totéi,_

was presented more than twenty times. -

Paradigm C: 1-Choice Simple Reaction Time

In‘contrést to the first condition here each of the three

-

instructions ([compensate, let go, assist) was tested éeparately,_

in three singleéinstructidnlsilple reacti?g,tihe sets.

For each of these sets the one required response/ was \given
verbally at the beginning of the set and thereéfter not givén
;gain. More than twentj £epetitions of each inst;uction-load
"pair, 4 per set, were given. | ’

T he order‘in.ihibh the three instruction sets vere'givén
varied ffon'one‘subject to the'neit. Each sequenée of sets began
with the preceding one's second instruction. For example: if

subject A's sequence was 1. compensate 2. letgo 3. assist then

subject B's sequence became 1. letgo 2. assist 3. compensate,

Lastly, the order in which the two conditions of mixed and
non-mixed instructions were tested also alternated between

-

consecutive subjects. B

2%



"Experiment <IT

Paradigm B: 2-Choice Simple Reaction Time
This testing paradigm used a réduced condition of randomly
mixed instructions to investigate possible age related changes

in reflex gain modulating ability. Compensate and let go

instructionsmonlynuerewusedf{aiong_nithﬂthe~uninstructedhloaGSJw;»%§§MMA§

since{these have béen the two conventionally used to assess 5
reflex modulation ability (Hammond, 195“).’Two different grouﬁsj%‘
of subjects of videly separate age ranges, 21-30 and 50-69 were
tégigd, Again, four magnitudes of pertﬁrbat%@n vere used and all
possible instruction¥load pairs, 12 in totai} vere presegyed

RoTe than tuénty times, in pseudorandom order, according fo a
predrawn lisi. The effect of testing the instructions separately
uas:not'investigated inAthese two groups. This less timé ‘
consuming paradigm facilitated the regruitnent of older

subjects. ) - ' : . -

Proced ure

o %

T hroughout the experilental session the subject sat wi th -

_ , 2
the right arm positioned as descriﬁed~aheve,¢f§eiagfbothwthe

instruction light-box and the positional feedback oscilloscope. ... _

Prior to testing the meaning of the instructions was'qarefully

described, as were the significance of both the colour and the

~

22
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posrtIon—of—each~ttght——fnfad&1tiom——ttavas—reqﬁeste&—that—the
handle attached to the torgque motor be reposrxloned,‘after each
trial; at a constant starting place (roughly 10 degrees
flexlon), by using the horlzontal 11ne on the scope for
feedback.

e

A1l subjects were given practice to fanlllarlze thenm Hlth

1nstruct10nst Inappropriate responses vere corrected verbally by
the experimehter. Practice was continued until the subjects felt
confortahle with the tasks. Testing was then commenced. |
sust prior -to the start of the mixed instrhctions data
igatherihg sessiéns shbiects vere ihforned that there would be.
occas ional unexpected and uninstructed wrist extensions
ihterqixed w}th the others. It was explained that these were

. 14
part of the experimental design ard that no specific responses

vere expected to. be made to these perturbations. i
“For all trials a variable time delay of 0.5 to 2.0 second s
separated load onset from light.onset. This variabie tile delay
served the dual purpose of allowlng the subjects sufficient time
to prepare to respond appropryately vhile preventing a possible
anticipatory*response. The‘instruction-light remained 1lit

throughout this-interval. N
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All data recorded from approximately tventy trials of each
instruction-load pair were averaged on an Lél;11 licfoconpute:
with a sampling rate of 1000/sec. S;uare‘pﬁlses represe;ting the
different loads and 1igh£s were separated by nultilévei logic

circuitry. The outputs of this circuitry were fed to an AND gate

tgfgptain.EEiggér pulses for various load-instruction

combinations. These pulses triggered the computer where four A/D

channels simul taneously averaged flexors and extensors MG,

L *

handle position and tension. u : ' 'é

EMG Processing
Prior to averaging, EMG records vere‘rectified,‘tO’*
el{nin;te cancelling of positive and negative acﬁivity; and
amplified to J-5 volts, In.addition, flexor EMG was deiayed by

40-50 msec to allow the evaluation of background activity. A ~-

\

Position and tension records were amplified to i 5 volts

mYimunm.

-

:;}-:fxor bgg,f_lex activity for each instruction-load _
combination was calculated for the background (BG), short

latency (SL) and long latency (LL) components separately. The

<

two components vere identified by visual inspection of the

averaged records and quantified accotding to previously used *

procedures {Bawva, 1981). Calculations were as follows:
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” activity:

the lonyg latency reflex cosponents oﬁiéined in this manner were

&
Iy v
T . K]
. .

3
L

A (t) = averaged area. under peak x, of duratlon t for

x = SL or LL,

i =instruction and load pair,

¥

B(t)' = area for the background period t priof‘to
i reflex activity,

A /msec = A/ duration of peak, t , and

i | i ‘ |

Background activity, B /msec; was then subtracted fron A s
i : . xi- :

s/esec in order to determine a measure of exclusively reflex

-

-

0

e
"

A /asec - B /msec

xi p xi i ’ - o

mean reflex activity per msec under peak x
above background. -°

. S -

Lastly, the values for background,fthe‘short latency and

N

then normalized with respect to'thg largest value‘dalculited for .
each subjeét. This process of no;nalization is uwseful in

permit ting conﬁarisons to be nade bet;een subjects initérns_of
proportional change in activity igfoss insiruétigns.‘

" A similar process was used to obtain a measure of extensors

Z\'\

N * . :
background activity during the first 16 amsec following — 7~ =~
adlinistratiép of the perturbafion. During this brief tiae

interval the extensor activity wvould be as yet unaffected .by the

25
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reflex flexor activity beginﬁing at 20 msec orriater.

Voluntggi Reaction Time
) Voluntary reaction tiies vere caicul§ted from the averaged
flexors and extensors traces. In all cases of Experiment I
react;on tiie_was defined to be the time (in msec) when gf:raged .
voluntary EMG activity reached a‘value three times that of the \
averaged background (also in lsec}. In this manner valuesvfor -
reaction tiame werelobtained for all four magnitudes of ’ |
,gerturbatibns for compensate [fle ‘Eg ENG) anlrassist (extensors
™ G) instructiohé in both the mixeéd ([3-Choice) and the non-nmixed
(1-éhéic;) inst:uction paradigss. T hese nﬁltiple evaluations of .
reaction time ensnred that an accurate neasure’of the fastest
reaction time was obtained;forpeacﬂ sub ject. |
‘In Expefinent,II (2-Choice Simple Reaction Time Paradién),
values of reaction time were defived from the largest
betturbatioﬁ for the compensate task anly si nce this was : e

established to be consistently the fasteet, as judged from

Experimsent I.



Calculations for Degree _g Rplitude Modulation

©

Experiment. I: 3-Choice and 1-Choice Simple Reaction Time

N

The ef—ﬁec%seef———ias%r&etion&—— of the manper in which

Paradi gms

ins;ruction'were presented (rixed versus non-mixed) and of the
nagnitude of the perturbation vere examined usihg one-vay
repeated measures analyses of variance. An already existing
computer package called MANOVA was selected for use from within
fhe SPSS (Statist.ical Package for the Social sciences) program
available at S.F.U. Significant effects (p = < .05 level) were
psrsued vith subsequent MAN&VAS to)the point of pairwise
comparisons. All the MANOVAS were performed for the norualized
values of ﬁackground, short latency and long latency components
following éﬁ arc sine'transfornation of the data. This |
transformation is required for paranetric analyses on values
"that are in the form of proportionmns (Klelnbaun and Kupper,
1978). Both results and discussion of the res&&ts will he made

. in termss of the original, untransformed, normalized data to

facilitate interpretation.

The relationshipsﬁhetueen,nadulating”ability,,reactioh time

and aée were computed with Pearson R correlations. Again using
SPSS, correlations were calculated between amplitude modulation

“«

of each of the three EMG variables (hackgtounﬁ\and“the tvo

27
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reflex ;;ﬁéénents) ané reac;ion time“and age. First, amplitude
modulation was calculated for the background, the short and the
long latency components as the difference’between all possible
pairs of instructions in their averaged nornalized;responses

(averaged over the four sizes of perturbations). For example:

LL (comp - let go) = (cLLw + ciLx + cLLy + cLlz) / & -

(l1LLw + 1LLx + 1LLy + 1LILz) /4,

"

c "compensate"
1l = "let go"
v,x,y,z = perturbation magnitude

(0.9' 1. 8' 2-7' 3-6 V)

Six values of amplitude modulation were thus obtained for
-backgroﬁnd, short and long latency components, each; in the
pixed instructions condition.

Each of these valﬁes.for the'tw6 reflex comronents (short
and long latency) was then correiated with 1) the fastest
reaction time measured for that subject, 2) the fastest reaction
file measured during the mixed instructions condition (3-choice
simple reaction time) ; and 3) the fastest reaction time achieved
during the non-mixed condition (1-choice simple reaction time).

For background, bnly tvo of the values 6f756&ﬁ15tin§"
abiliiy were correlated with'RT'SiﬁCé'ail otﬁér’différéﬁﬁéé”iéré*
small in magnitude clustering around zero. The two values of
background modulating ability used were: one, the difference

28,



<amaf el s

between compensate gnd let go instructions and two, between
compensate and assist, both from the nonfmlxedvlnstructlons
"condition. Iﬁ,these'cdrrelations only the single fastest
reaction time was used, this being the best»indexgof the optimal
responding cap;city fot‘eaeh individual {see Results for tte
comparison of 1, 2 and 3 choice simple reaction”times). |
Aging effects on reaction time were evaluated bf ' o 4 i
correlatiﬁg age with the subjects? fastest averaéed reaction |

§

time.

Lastly, in order to examine the effects of flexors
background modulation on extensors background, correlations were

performed between flexors and extensors normali zed back grounds

153 ethasm na el

for each of the instruction sets- of the non-mixed instrugtions

condition.

PO

Lk ek o

Experiment II: 2-Choice Sinpletﬂgestion Time Paradigm’

MANOVAS similar to those descrlbed above were performed on -,

the results of this testlng paradlgmu In these HANOVAS age was

R JE e s

substltuted for instruction method and used as a grouplng factor

r3

within a Spllt plot de51gn.
' Correlations were calculated between each of all possible
values of ,modulating ability for both the short and the 1bng

o
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latency component ‘(thrzee eaéh) and RT (2-choice). Thege
_correlations were performed for the two age groups together and

separately.

'Lastly Student's T test were performed on 11l the fastest
‘reaction times measured in both Experiment I and IIr(using

SPSS). Paired comparisons were made betweegv1-cﬁoiCe, 2-choice

and 3-choice simple reaction tinmes. _ﬁ
T

!

(Y

CHAPTER III

‘RBSULIS

The stretch reflex response of wrist flexors typically

consisted of two EMG peaks between 25 and 95 msec after
application of the perturbation. Figure 1 shows the ayeraged
rectified flexor EMG activity reccrded for one subject
(D.S.{28)) in thef1-Choice Simple Reaction Time Paradigm. Each
instruction trace represents the 200 msec that followed stretch,
beginning at time 0, with the largest load, 3.6 V. Clgarly, ENG
activity for the three instructions begins to differ wsz’ii
advance of 100 msec. Both reflex peaks, at short (23-47 msec)
and at.long (48-91 msec) latencies, appear to be of different
anplitude for different instructions. The differences in EMG
activity for "compensate'" and "let go" instructions in

particular is striking. Both background and short latency reflex

30
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Instruction: )
”compenSate"
s et go”'__ ‘
Lo —
m .........................
o
O
>< /
= ¢
o
T T T T T T T T T ]\—I.—I‘_f" T—.—"-ﬁ‘; _1'\‘1"__:.__—" i .
0 50 100 ' R 150 , 200 o
TIME (msec) | ”

Figure 1. Normalized flexors EMG>for 200 msec following .
perturbation (3.6 V), for one subject (D.S.), in the non-mix
instructions paradigm. EMG activity is shown in arbitrary un .

J | | -
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activity levels are smaller for "compénsate" than for "let.go“
instructions. In contraSt; long latency reflex activity for'
"compensate" is large, much larger than that for "let gé". |
The éafly instruction dependent modulation of flexors EMS

was also reflected in the traces of torque handle tension a;d
position. Tensions generated at the handle began to diverge ftom
one another around 65-70 msec {Fig. 2), which is much earlier
than the start of voluntary EMG activity oc;urring aroénd 90
_msec. These eariy deviations in tension must therefore be
attributed to modulation of the anplitude of the reflex

Te spon ses. ‘

The position of the torgque handle reflected later tension

.

di ffer ences most clearly. Handle positions began differing
greatly around 100-105 msec (Fig. 3) and arg'probably due to
voluhtary EMG activity. '

For the sake of completeness a figure of extemsors activity

\ during the salé period is also included (Fig. 4).

\

~— /

General Characteristics of Flexor Activity

The relative magnitude of the short and long latency reflex
components varied greatly between conditions and instructions,
as well as between subjects. Their latencies varied by as much

"as 1% msec across individuals, depending on their size, but were

almost constant within individuals.
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Instruction:

""compensate'' -

“lot go'

.......
-

.....

TENSION

TIME (msec)

Figure «2. Tension measured at the torque motor handle for 200
msec following perturbation (3.6 V), for one subject (0.S.), in’
the ncn-pixed instructions paradigm. Tension is shown in

/- arbitrary units. , .

-
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Instruction: R :
~ .. -
""compensate'' : % e
"Iei _9_0“ . /" \'.," d 7

”QSSiSf“ » : g ;

POSITION

Pigure 3, Torgque motor handle pésition for 200 msec following
perturbation (3.6 V), for one subject (D.S.), in the non-mixed
instructions paradiga. Position i$ shown in arbitrary units.
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Instruction: L
. ~ S
o ""compensate'’ E
& Ylotgo"
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Figure 4. Normalized extensors EMG for 200 msec
for one subject (D.S.), in

pertur bation. (3.6 V),
instructions paradiga.

following
the non-mixed

—
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Result calculatlons wvere made u51ng all the data collevted,

with the followlng exceptions. ‘ - 7 7

In Experiment I dat-a‘wae unawiilable for the smallest load
(0.9 ﬁ) for one subject (R.L.(éﬁSi. This;?pplied a:roés all __
instructiions and both conditions due to difficulties in |

separating that load from the next during the analysis. The e

Manova calculations performed were corrected for the. missing

data. | ' : C P s

o ‘ g
In Experiment II all the data collected from four older

~

subjects vere dlscarded, reducing the group's size to nine’ (6
male, 3 female). The datﬁ were not usable because following the\
"let go" instruction bhckground EMG activity was nearly
completely abolished in the wrist flexors. Failure by ‘these

individuals to maintain measurable background activity prior

the advent of the load fen@ered all quantification of refl
ampli tule modulation (as defined in the calculations)
impossible. g
In both sets of experiments the no-instruction resé€;5é
data has been ignored because of the extreme variability in‘
response among subjects. SOme subjects compensateé while others

let go.

Subjects involved in Experiment I (N= iS, iean\age= 25.9 +
2.3 (standard deviation)) had short latency activity beginning
at 29.1 msec on averagde, following the.pertu:batiOn and lasting
27.1 msec. For this group long latendy‘activity begaﬁ at 55.3

36
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ms ec and lasted u? 1 msec.

K

"The younger subjects in Experiment II (N- 10, mean age=

~ 25.6 + 3.2) showed similar values of latency and duratfon,
& e , .
T-tests were not Eignificant. Short latency act1v1ty began at

30 6 msec and ‘had a mean duratlon of 29.2 msec whlle long

“latency activity began at 59.8 msec and lasted 47.7 msec.
. N - ?\ - ///
Age group differenées.uithin Experiment II were minimal.

The only 51gn1f1cant dlfference between the younger “and the

Ay

older groups lay in the latency of the f1rst component {p=

.036). For the older subjects (N= 9, mean age= 56 .6 + 6.5) short .
letency activity-began at'annaverage 3h;9\msec. The remaining
variables were,not signi ficantly différent between the tvo age '

groups. Mean values for the older subjects were: qTation of the
first component= 28.2 msec, latency' of the second component=
63.1 msec, duration= 50.4 msec.

~

The degree of separation between reflex and voluntary EMG
~activity during "compensate" was widely diverse across subjects,
independent of the group: In}:hose cases where the end of long -

latency activity and voluntarz EMG were contlnnous during .

"compensate", the end of the second conponent was established — ——
fron flexor»traces durlng t he "let go“ condition, for the most

part, or from extensor traces during "assist", if necessary.



L]

' a) Experiment I: Reaction Times
Cdllapsing the two conditions of instruction together and’
uSing both flexors and extensors EMG traces to derive the.

fa stest possible reaction) time, the mean value for this group of

b

subjects was 93.8 + 11.1-msec. Examining reaction times within =~ 7°

the mixed and non- mixed instructiong conditions separately
showed;thgs value to be représentative: 3¥choice mean simple
reaction time was 96.9 + 9.4 ﬁsec; 1-cﬁoice mean si;ple reaction
time= 9.7 + 10.6 msec. Further, Studénts T—teéts did not show
aﬁy significant differences between 3-choice and 1-choice simple
reaction times eit her. both when tﬁé reéaction times No
significances were obtained both when the reac tion times derived
f;om t he averaged flexérs and extensors EMG traces were used
together, and when th;y were tested separately. For a table of

reaction times see Appendix A, Tables 1 and 2.

Last 1y, Pearson R correlations between each of 'the three V
. I . Sy ¢
reaqgigg,;imes/{fasfégf; 3-choice simple, 1'-choice simple) and -

J—

age were not significant, in this group of subjects (r= -.05, r=

|

-. 11, r= .03, respectively).
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b) Experiment II: Reaction Times - K

The mean reackion tieee (Z;ehoiee simple for the 'tvo age
groups4were similar. In the you;ger populaiion the mean valﬁe -
was 113.5 ¢ 21.0 msec. In the older popﬁlation meae reaction
‘time was only slightly longer, 118.4 # 17.7 hsec. Despite this
.similarjty; hovever, significant age trenﬁs wefe present in
these two grdups; Pearson R correletions witﬁin the younger
group showed a hegétive‘reiationShip-betweenxage“and reaction
’;time: = =.72 (£= .009). In thevolder grogp the relationship ;ee é
instead positive: r= .59 (p= .QuU8) A correlation performed on /
the combined age and reaction time data from the two \groups |
reselged in the cancelling out of the two opposite trends and in
an absence ef significance (r= .14).

(u
‘T-test compar isons begwéén all 2;choice simple reaction
‘times_and toth the 1-choicerend the 3-c§:;ce simple reaction

wed no significant differences.

times (from the flexofs only) s

{2) Amplitude Modulation N o

Inde“penden{t‘o% ;\.xperimental conditions, larger«ix;dividual
differences were observed in abil%ty to modﬁlate the amplitudei
of the two components of the stretch reflex. Figures 1 to ubare
examples of the four data tracesi;Z;ordéa'fof'e'gbbd modulator
-oé reflex amplitude. TebleS”T’tb'W“in Appendix B gi#e'average
differences ih back ground, short and long latency reflex

.
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-activity for all pairs of instructions for all subjects.

&

Different patterns‘of ampiitude modulation emergéd for the
a!?ﬁﬁtﬁé/éué vériables studied. The long latency reflex compoﬂent
' w;§;§£fected most by instrucfians irrespectively of ins;rﬁction
condit ions and age groups. Short lafencx activity was affected
1e§s by instructions and washéioSely dependent on modulation of
muscle background activity levels. Laétly, significant

nodula tion of background activity occurred infrequently.

-

“a) Exﬁeriment I: Amplitude Modulation

The extent of mddulation obsérved ﬁhen the three
instructions were mixed and vhen they were not was markedly
different. When mixed together instructions produced amplitude
modulation only in,tge'long latency reflex component., When
instructions were tested separateli;modulation of background and
of short latency reflex activity was also seen.

When present, instruqtion effects on EMNG activity were' .
superimposed on the otherw;se>fixed input-output characteristics
of the systeﬁ. Background modulétion yés'unaffected by torqdé'

" vhile instruct ion effects on the’short and long latency

components of the(reflex vere instead suﬁerimpdééd on the tdrque'

\
-

"dependent increases.

L]
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3-Choice Sinmple ReactioﬁrTimeréarédng: ﬁixéd”igg;fﬁéQEBQSVNVV
Hodqlatio;
| When the "dompeﬁsate", #let go" and "assist" ingtructions
vere mixed no significant—pair—wise differences we observed in
either bapkg:ound’or in short latency4reflex activity. See Table
1 fﬁ; MANOVA?s!!ults and Fig, 5 for averaged bacxground,activity‘
levels. fig. 6 shows the ayeraged activity levels for _thé'shortw
latency reflex cOﬁponent.mThe slopes of the torque'dependent
increases in actiiity also were not different between \ ;
- instructions, indicat}ng complete absenceﬂoflgain modulation for
.Short latency activity. ’

Substantial, instruction dependent modulation of long
la tency :eflex activity was observed. 1ll instructions produced
significaﬁtly different levels of activity (p r;nged—from p=.005
to p < .001). | ' ‘ .

"Compensate" long iaténcy refle; activitf‘was'by far thé
largést in .amplitude (see Fig 7); "Assist" responses were v .
intermediate in amplitule. Long latgncy.refiei activity vas
smallest following instructions to/ﬂlei gbﬁ.

Coﬁpariﬁg the "let go™ values for the smallest and largest
torgues to those obtained for "conpensate"~revéals a four to six
fold difference in long latency response amplitude with these

?;nétruc£ions. In terms of the averaged*féspbhsés'tﬁé di fference
is'comparable, slightly larger than foar fold.

Unlike for short latency reflex activity, the rate of
increase of long lafency reflex activity across torques differed

4
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— MIXED NSTRUCTIONS BACKGROUND MODULATION

0.5 »
Instruction: ™
O "compensats'’ |
. |0 Metgo”

047 lo rassistr™
>
=
>
5 0.3
D
~
z
-
®)
05 0.2-
2
O
D
a8

0.1-

0.0 ' ' | 7 '

0 0.9 1.8 2.7 3.6

LOADS (volts)

-

Pigure 5. Averaged norsmalized background actxvity for the three

instructions and four levels of pertuarbation in the Mixed
Instructions Paradlgn of Experimsent I ([H=195),
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MIXED INSTRUCTIONS SHORT LATENCY MODULATION

"
0.9 Instruction:
) O "compensate'’
O "let go” .
> _ - — =
= 987 o rasast
=
5 074
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7 o.z—g |
t
0.1
1
0] } T T N 1
0 0.9 1.8 2.7 3.6

LOADS (volts)

. Pigure 6. Averaged normalized short latency reflex activity for
the three instructioms and four levels of perturbation in the
Mixed Instructions Paradiga of Experimeat I (N=15).:
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LONG LATENCY REFLEX ACTIVITY

)

MIXED INSTRUCTIONS LONG LATENCY MODULATION

L~

. l

0.9 Instruction: |

) O "compensate’ |

O "]dio" i -
4 T '
087 o rassier | | /@/
0.7 - /
0.6 4
054 /
//
///
0.4 - -/
s/ _,()_
0.3 1
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0.2 e T
i e -
) -'O‘ -
0.1 @-"--/ - .
o N )
0 I f ’ '
0 0.9 1.8 2.7 3.6

LOADS (volts)

Pigure 7. Averaged nornalized long latency reflex activity for
the three instructions and four levels of pertarbation in the

Mixred Instructions Paradigm of Experiment I

(N=15)T
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between instructicnsi;The load x instcuction interactioa was
higalyrsignificant (p < .001) for this component. This.indiCates —
that changes in l;ng latency reflex gain ‘with 1nstructions also
modified the slope of its input- om;put relationship

T

Yy

1;Choice Simple Reaction Time Paradigm: Noﬂimixed Instructions
Modulation ‘ |

In this paradigm, in which each instruction was tested
separately, significant differeaces in meag amnplitudes were
oktained for all three ENG variables (see Table 1 for MANOVA
results). | .

Background activity fﬁiweach 1nstruction differed from-onée
anotker and although the differencesemere small, they were
highly significant (p < .001). "Conpensate" backgrouad levels
were gmallest\(see Fig; 8). "Let go" levels of background sere
next, Andr"assist" background levels. were the largest. Short
la tency reflei activity sAOHed a simglam, but not identical
pattern {Fig. 9) .

4"Compensate" responses were still smallest and
significantly differepnt from the next largest "let go" responses
(p < .001) and the larger still "assist" responses (p < .021).
But un like background, the "let go" and "assisth short latency
reflex responses were‘not-significantly different. | |

Like for background, short latency reflex amplitude

differences between instructions were small in magnituie,

o
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NON—-MIXED INSTRUCTIONS BACKCROUND MODLRJLATION

0.57 "
Instruction:
O "compensate' . 7
O "etgo” .
047 |o vassistr
>_
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>
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E; £+ & £]
0.14 . : >
]
é
0.0 - T T T ]
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Fijure 8. Averaged normalized background for the three
instructions and four levels of perturbation in the Non-aixed
Instructions Paradigm of Experiment I (N=15).

47



~

-~

NON—MIXED INSTRUCTIONS SHORT LATENCY MODULATION

Instruction: ‘ &
0O "compensate' ’ I
0 Tetge”
O Tassist”

SHORT LATENCY REFLEX ACTIVITY

0 T . T LI 1
.0 0.9 1.8 2.7 3.6

- LOADS (volts)

gigure 9. Averaged normalized short latency reflex activity for
the three instructions and four levels of pertarbation in the
Non-mixed Instructions Paradiga of Experiment I (N=15).
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despite b?ing significant. No_significant differences were
obtained for the rate of inctease of short latency responses
across loads.

™ The direction of amplitude mo&ulation of long latencj
reflexr activity was different from that of the other two
var iables  (Fig. 10). Long lafency refl;x anplitudelfor
"compensate! was hdﬂ t;e latgest,by far (p < .0)1), with the
"let go"™ and "aésist";responées (still not sigmificantly
different) being mégz-smalLer. The average anplifude difference
getween both " let gﬁ"_an&‘"assist" instructions and the
"compensate" lqng l;tency‘reflex activity was three fold. .

As in the pixed instruct%ons condition, the load x
instruction interaction for long latency reflex activity was
significant (p < .001), indicating that jain differences between
the response to "cbnpensate“ and the other twd ihstructions were
manifested‘in more than an amplitude difference alone.

In sum;éry, differences in mean EMG amplitude mbdulation of
background, short latency and long latency reflsx activity were
'seéﬁ depending on whether the instructions were mixedzor not.
When instructions were mixed nodg;étibn Wwas seen only at the
level of the lcng latency reflex component. Modulation of this
component of reflex activity was completely dissociated from
both background and short latency réflex activities. When
instructions vwere not mixed nodulafion was obéérved in short
latency reflex activity and in background as well. Hoﬁiﬂer,

-
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NON~MIXED INSTRUCTIONS LONG LATENCY MODULATION
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Pigure 10. Averaged normalized long latency reflex activity for T
the three instructions and four levels of perturbation in the
Bor-mixed Instructions Paradiga of Experiment I (N=15).
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Egr=and A= "assisp".

while QEEE{ lafeﬁcyrfefleiréctimity néduia;ion :ofréspoﬁﬁed
close;q to tﬁat occuringin‘baéléround'ééti§ity,‘the long
latency reflex component showed\d'very’diffarentipattefn.
SChenaticaligrthe relatigpshgps described above may be

illustrated as follews, where: C= "compensate" response, L= nlet

AVERAGE ACTIVITY -
Stretch Reflex Response

A BACKGROUND SHORT LATENCY  LONG LATENCY

' MIXED INSTRUCTIONS  ® = L = A

S =1=12 °  CO>A>1L
{3-Choice) :
158
NON-MIXED - Cc<L<A C<L=Aa C> L=
‘ (1-Choicey E

e

b) Experiment II: Ampiiiude Modulation

In this 2-choice simple reaction time paradigm, in which
only "compensate" and "let go" in;tructipns were mixed, all ~
threenEHG‘variables (back ground, short and long latency reflex

activities) were modulated in the same direction by the younger
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group.. In the older group, results were similar except for am
absence of modulation of backgroudd in these subjects (see Table

‘2 for MANOVA results).

In both age groups, amplitudes of both the short and long
_ . ' W _ L
latency reflex components were larger following instructions to

"compensate” than for "let go" (p<.003). As illustrated in Fig.
12, shqrtjlatency reflex anplitudevdifferegces betveen |
"compeﬁSafeﬂ.énd "let go¥ rgsponSes in the younger group was
small. Inkthé clder grbup'the di fferences tendeil to be even

smaller.

'A1thoﬁgh the average aiplitude of short latency reflex
Eftivity vas signiffcantly &ifferent~for the tuoriAStructions,,
éhe”rate of rise of responses over*loads vas similar for both
Eﬁoqpensate" and "let go", The locad x instructian‘interactién
ils not éignificantﬂ . ) ' -

" s illusttqtéd in Pig. 13,‘iqqg latenc?*té{&ex aip&itude

was modulated in the same direction as short latency amplitude,

in both groups. Again, "compensate" acfiVify was larger than

"let go" activity. The differences in amplitude for the two

instructions were vq;j much larger for long latency than for

. short latemcy reflex activity in both age groﬁps. For_béth

groups the ave:age‘anplitude_differences_répresent a’ two to
three fold modulation between "let go" and "compensate" long .

latency reflex activities.

In addition to amplitude differ ences between the two

»instructions, thev}ate of increase of long latency, "zompensate"
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0.3

BACKGROUND ACTIVITY

|

!
0.0+ a , - -
= 0 0.8 1.8 2.7 3.6

LOADS (volts)

Figure 11, Averaged mormalized background for the three
instructions and four levels of perturbation in Experisent II
(founger group N=10, mean age=25.6; Older group N=9, mean
age=56.6) . -
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- EXPERIMENT Il SHORT LATENCY MODULATION

| | Legend -
0.9 'O COMP. YOUNGER%
| e " OWER !
omeexreweml
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Figure 12. Averaged normalized é%ort latency reflex activity

for the three instructions and tout levels of perturbatlon in

Experiment II (Younger group N=10, mean age=25.6; Older group
=9, mean age=56.6).
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EXPERIMENT Il LONG LATENCY MODULATION

N

E Legend
/O COMP: YOUNGER
e " OLDER

LONG LATENCY REFLEX ACTIVITY
’ (]
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04_1’ // .‘//
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Figure ,13. Averaged pormalized long latency reflex activity for
the three instructions and four levels of perturbationm in
Experiment 1I (Younger group N=10, mean age=25.6; Older group
N=9, mean age=56.6). :
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e SpOnRsSes.across loads in both age groups was sggpificantlyrri
different {p < .006), and larger, than that fbr "let go" &
responses. Again this is consistent with results of Experiment I
indicating major gain differences at the level of the long
iatency»reflex componeni with instructions.

| Itnis onlj in modﬁlation-of background activity that age
differences were manifested. While no modulation of background
wvas observed in the oldef gfdup;'a:Qery small butrsignificaht
modul&tion (p <l.05)/was'seeﬁ in the younger group. ﬂCompénsate“
background activity was cbnsistently siijhtly larger than "let
go'" activity , across.all loads (see Fig. 11). Thé average
background activify for the older subjects was nearly twice that

<

for the younger group.

T -

In summary, similar directionf of modulation of backgrbuﬂd;
short, and long latency reflex activities were observed in the
younger group. For all three variables "compensate" amplitude
vas larger than "let go" amplitude. In’ the older_sﬁpjﬁcts
similar modulation of both conpbnents vas observed, as in the
younger group, but with'aﬁ aBsenée“of’Background modulation,

Scheqaticqlly: ' ' ' T}
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YOUNGEER GROUP

4 age=25.6)i

CL DER GPOOP

[¥ age=56.6)

S

—— e

AVERAGE
-
BACKGROUND
> 1
=1

e

ACTIVITY

Stretch Reflex Re sponse

SHORT LATENCY LONS LATENCY
cC>1L c > T

cC>1 C > L

Voluntary Reaction Iisze

—_———_ o

No strong relationships emerged between reflex components

amplitude rodulaticn and the various reactiron time values used.

wm

cqnditions.

A

ignificant correlations were few and not consistent across.
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a) Experiment'i:'Amplitude Modulation versus Reaction Iime
Correl ations between modulatioﬁ {a-veraged across lcads) of
background, short and long latency components and each of the

three types of reacticn times [fastest, 1-choice gimple,
B
2-choice simple} for this paradigm revealed few siznificant

relat ionships [See Appendix C, Table 1). .

Within the npon-mixed instructions corndition there were no
significant correlations bpetween applitule modulation >f any of
the three EMG variakles and any of the three reaction times.

Within the mixed instruction condition one significant
. ’ ’ ' g
relationship was observed Letveern .reaction time and cne tvpe of
P
modulation of the long .atency compeonernt. This was modulation.
B ,

t gco" and the "assist" long latency response

[
N

Letweer the "

-

elations betweern this moijdiation and each of the

1

aaplitudes. Cor

x =

three reaction times were a2ll significant: with the Iastest

L

reaction time r= -.%7 {p=..013}, with 1-choice siample reacction
. N =

3

Y -

¥o significant relationships ererged £or the "“ompensate"
sicus "let go" type of modulztion of any ZMS variable and

reaction time, it either conilticr.

[Se e ]
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) FXperiment TI: Amplitude ¥odula¥ion versus Reactish Time

Cerrelations Lbetween average modflaticn of ‘toth the snort

and the iong latency reflex cCompone

£

ts apd reaction time

rZ~cheolce simple) revealed & few sijnificant relationships for

the long latency coBponent of reflex activity [Appeniix B, Table’

1

Ceppernsate® pinus Ylet gof podulation of iong latency B

ECTIVILY w35351;:1f1:antLy relezted o reaction tige 1T the
va‘;ggr Jrogz, = -.%Z [p= .3Z2f; api 1n tge pooleé iaéa, r= -.5%7 . )
‘p= L0088y, This relavicnskip 313 not gurte reacn significance 1o
tre clder trIZcar m= o -L 50, g= JOBZG 5 m//

There was Lo €15r01f1Cant Telatlonsulp petweern Snort latency
P act*v;@y agpiitule mgdnlatlo: ;nj Teactior time in either

3 .

“ne vyounjer 5i39; alone, the older Jroudp alosnhe, oL in the pooled
izra ) . -
;gi&lation 2f Sackirognd Activity of Flexors ani Exfensor?\\

The irndividual correlations éerfo;med between flexors and
extinsors bagkgroﬁﬂé.le?els of activity for each Qf the
115:ructioﬁs in t;e non—m}xed.instructions condition in
En;e;imgntAI revealed a general absence of significance (see B ,
éppené?a‘.’xﬁ Table 1) _ LS o

Signijicaatfresults Were obtéined,for only threé>out df t he o
foirteen sﬁbjects {D.V.{25) missing), and only for one
irstructiots. ?Qlléving<instruction tc "coapensate" two subigcts~ o

&0
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fiexors and extensors levels of actxvx*y. Respectively- these
valiyes were: r= -,30 {p= .043) amnd r= -.91 {(p= .04u4), indicating
that wihile flexors Lackground activity wvwas lowered during

r;
Mcompensate”, sxtensors activity was xeciprocally increased. The

-3 subdect [(D.C.1{Z3)) co-zontracted Ip preparation fo

ComRpen 3ate, e&xhibiting insteal 3 positive correlation between

CHAPTER IV -
pIscCussiow
The results oI this study inditate that the amplitades of
he sporr and the 1onwg Latency cobBpopents of the stretch reflex
car pe differentiallv affected Ly intentions on how to '

1

volintarily react to ah anticipated limb perturkation. The two

CC@EpODEnTS cah Le di;sociated in :esponSE e iqétructians.
Amnlit;;e podulation of the lorng latencf coaponent appears to be
#

a consistent phenomenon, of iarge magnitude, and unaffected by
change s 1in 1nstruction conditicns. In contrast, changes in short
latency response amplitude appear to be gemerally of small
magnitude, and highly dependent on changes in’bgckground muscle
“activity, which q?cur only in some circumstances.

The extent té which each ccamponent's amplitude can be

nodulated varies greatly among individuals. Gain modulation of

reflex pathways éppears to bhe a largely idiosynchratic

61

B,C. {28)) showed a ne;ative relationship betweea
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characterlstlc(and unreIated elther to kinesthetic reaction tise

2

or age, up to the 51xth decade of. llfe.

Y p

.

Dissociation 2f Reflex Components

——— i ——

.

In EZxperiment I two kindsﬂof dissdciation of the short and

long latency ”OIponents were observed depending on Hhether

- . v

1nspruction5»vere aixed or not. khen 1nstructlons were nlxeﬁ the

5
. ¥

tw'o conponents veré dissogiated 1n that the long latency °

.

component was modulhted with insgrpcfions vhereas no change

vhatever was observed in short latency response 4 aplitude. When °
N n M M S B M

[,

ingt:qct;ons vere not wired the two components were ‘dissocizted
v ‘ . - - - ¢ v v ’

in teras of thévkxnd'df changes seen in each-Tomponent's

'
. - .
* )

amplitude with' ' the 1nstructlons. Strlklngly dAfferenﬁ, in the

. ’
- , . 5 v .

atter parad 1ga, reflex actzvx*y foll owing "conpe@sateﬂ was the

- r \4

smallest of ‘he tnrbe Lnstructlons for. the;short latency

£
v

« -

"5 .
R N - - .

COMPOREnt fherea 1& ¥as tbe largest oge for the long . latency

-

“conponﬁmf; Furtherp phe change: in short latengv response "«

a . - a8

«magn1tu¢e 1n thls cqg&lt}on parpllelei 51q;lar changes in

¥ 3 -,4 %

baquroqnﬁ actlﬁltj ‘while those. of thenlong\latency conponent

T .
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‘. L ¥ N N
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Dissociation Characteristics

The type of diésociation seen in the amixed instrucfionsv‘
ﬁéradigl is the one originally_cbservea‘by Hammond (1954, 195g;
1960% , ana subsequeﬁtly also reported by Marsden and co-workers’
(1878Db) and’Coiebatch’and co—workers (1979). Zuriously, yhile
Colebatch and co-workers also used ranadnized,iwstrﬁctionéh:both
Ha mmond a;d the Marsden group obtained their results Hhilgj
tésting instructions in sets and not mixed. Presence of
ampli tude modulation of the long latenqy co:poﬂent with -
instrﬁctioné in the absence of significant differences in short
latency reflex acfivity lends some support to the noﬁibm that
seﬁarately zodulated meural pathways exist for the two

, ‘ \
components, as first suggested bylﬂallond in 1960.

The kipd,of dissoc;atidggof short and long latency respdnse

mragnitude cbserved in thls thesis, when instructions were not

mixed,'strongly emphasizes the dependence of short latency
sodulation on changes in the Dacﬁgroundiactivity. The backgroﬁndé
depéndgnce of short latency modulation with instrﬁ:tions has
been suggested previously fbr buman biceps by Evarts and Sranit
(1976) and Evarts and Vaughn {1978). These authors also observed
that ncdﬁlation at a latency of 20 msec. only occurrel following
changes in the tomic lusclevactivity which ﬁere present  only

with non—rgndon,insiruétiogs. Eowever, in their paradggt, 
Change; én amplitude were consistent for ali téree‘EﬂG

variables. Background levels, as well as activity starting at

Foth 20 2sec and at £0-70 msec vwas jreatest following

o
Lad



L - . . )
. .

R - B
instructions to "sug}nate?band_least for "pronate". This

contrasts the results of the present study where both background

, (/ ) ) . .
and.short latency were smallest for "épnpensate" vhilé only long

AN

latency activity waS'iatgeffor’this instruction. A possiblé
éxplanation for this.discfepancy_qould be the différedtknature
of thedinstructions used in t&e respective paradigns.vlh QYart's
paradiga the perturbation vas sisply a trigger Sfiiﬁiﬁéffaf‘a
particular leuntérj ‘oveuent,.éupinatién OF pronatidn 6f ihe

" arm. And the largef~pos}uta1 drivé for supinate inStructioﬁs may

simply have been due to an .early volantary activation of thé

‘msotoneuron pool while getting ready to move., In contrast, in the

present paradigm the instructions called for a very specific
R -~ - -3 ~ ) .
response to be made gquickly to the perturbation itself,
To rfeturn now to the abse?cexof sport'latency aodulation

‘with sets.of instructions?fegorted:by'Hallond (1960) and Marsden

[ 3

~énd co—uorké:s {1978b) , these authors did not analyze their data
for bac;grgund 55 it is no;?poSsiﬁle tbvsay uhet?ér backgpéﬁnd
chéngés'also ver e absent. if thié-ugs indeed the case, one myst
tken coqplude~either that preséntigg instructions in sets doeg:\
not,alvags ;esulifin the estabiishpent of backgfound intenfionai
sets or-that iﬁtentional-éets‘&o not necessarily>result;in
d;fferenfial tonic nuscle acgiviﬁy.‘Eegardlgss,git'ikuppﬁh
pointiné out thatAaBSence’df‘chaﬁgé§'1n~ﬁéﬁkgfaﬁﬁa'iouia’ﬁat
ﬁraﬁatiﬁaliy interfere with modulation of the long latency -

reflex component.
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In thlS study\one dlscrepéncy-was noted between backgroﬁnd
gPanges and short latency reflexuanplitude in the don-hixed
Ainstructions paradigm. The 51gn1f1cant anplltude dlfferences in
‘tonic dlscharge levels betueen "a551st“ and "let ga" were not
reproduced for short latency.act1v1ty.vuost probably the reason
for this lack of co;requndence may have*been theAsﬁall |
lagnrtnde of the'dtfference in the background for the two
instructions. The nornal stochastlc variability in short latenéy
response sagnitude 1ndependent of background could be large '

‘enough to cover a small effect due to background nodulation.

=

Pathways for Stretch Reflex ugdula tion

The{fesults,of the non-mixed instructions paradigm in
particular give éredance to the existence oﬁ*sepérate'ﬁeural )
pithuays for the two components of t he stretch'}efléx. The type
‘ of modulation seen with mixed instructions also is suggestive,
but it is not conclusive. The results of the 3-choice paradign:
can alsojgé interpreted using construéts from the ;pinal
resonance theory (Eklund et al, 1582).

For example, the exclusive lodﬁlation of long lateﬁcy
reflex activity without othén measurable changes'iﬁ background
and short 1atencfjréf1ex activity could be producel if the -
effects of spinal p£&asettiag‘by higher centres on the multiple
afferent bursts produced by the perturbation were altered by

co-contraction of the antagonists., Pacilitatory or



disfacilitat ory im pul‘ses_f.ro. spinal isféf:s*et”_t_i ng Circuits would
: fhen sumﬁate vafiably ﬁith the facilitatofyiinputs;to the ~
métoneuron'pool'from t he ﬁirst'burst of afferént activity and
the inhibifdfy inputé from the aCtivatédHantagonists.’The‘degf?e
of discharge of the motoneuron pool following the‘affereht
volléys would then be deférﬁined by tﬁe sumning of the new

' inputs uithfthe%pool!§,lexelloffexcitability At,that,momEnt.A
This level would haveubegﬁ determined by thé degree of
eicit?tbrj suamation of the previous sﬁb—threshpld_inputs,.asv
influenced by,ihstrucfibns. Com?%nsate iﬂstructioné”vould
presumably caﬁsekthe lérgest facilitatory spinal pre;sétting, .
while~"assist":and "let go" effects could'aiso be due to
disf;cilitation of p061 responsiveness'toblatef peripheral
inputs.

The opposite directions of modulation seen inAthe non-mixed
instructions paradigl“cannot, however, be reconciled withih an |
exgiuSivelx spinal interfretation. The sinilarity of short
laienéy.reflex activity to background levels can be easily.
understood as a function 6f instruction-induced altered
alpha-gamma drive'priof to the perturgation; The generél
positive relationéhip-beﬁween a muscle's statéfof actiéition and
reflex amplitude is uidély écknoulédged<(Gottliéfland Agarwal,
1979a; Eklund et al., 1982; Jaeger et al., 49823}1J80¥e¥e£,,‘
modulation of the anéez Latenéy reflex response with sets‘of
:instrucinns wés ﬁot in the saae direqt;on as background. &An -

additional other‘pathway #ust be involved to permit such a
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completé. reversal "ot; gains of reflex fﬁmﬂﬁmﬁ\mmk -
Ilonger'latenoies.ﬂ . o |

o

e

A ~spinal" ﬁolysynaptic pathway could theoretlcally medle:e\\\\\;

some portlon of the 1ong 1atency qeflex response. LesiOns of S

hlgher centres in non-human prigptes does not. always.selectlvely ‘

R i e

) abollsh long latency responses, suggestlng that, §p1nal c1rcu1ts

sufflce even for longer latency responses [Tracey«et al, 1980'
R

Hlller and Brooks,’ 1981). But 1nterpretatron of'suvh results is
difficult. Lesions innolve drastic alterations 1n,normal neural
funotions‘and it is'possible that unden'thése circumstances L s
spinal pathways normally inhibited by or repleced;by cortical | |
ones are gated open. The weight of anatomical and thsiologiCal
evidence instead tends to support the existence of a cortieal

pathvway for longer latency reflex re sponses {Phillips,~1969§

Evarts and Tanji; 1976 ; Fetz et al, 1960). Long latency reflex |

activity would thus be the result of contributions from cortical

as well as continuing spimal inputs. .-

Voluntary Reactjon Time yersys Asplitude ﬁgﬁg_légiég

The general absence of significant’rela;ionships betwveen
the variously labelled reaction times in Experiment I and reflex
anplitude modulation indicates that.k;gg§the£icﬁzggqtiqp,ti;e
neural proceSsing is independent of the :entrel processing

leading to amplitude modulation of the long latency reflex.

67 |
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The presence in the 3- ch01ce 1nstruct10n paradlgu of only

~

one 51gn1f1cant relationshlp out of the possible types of

modulatlon ("compensate' versus "let go™; "compensate" versus

7"a551st"; and "assisth versus "]let go") and kinesthetic reaction

o

time, renders the existence of such a relationsh%p questionable.

It is more likely that.although one of the t Re s of reflex

anplitude modulation baS'fbnnd to be signifipantlyvrelated to
luntary reaetion tine, the‘effect was without meaning. bThis

conclu\\en is further strengthened by the absence of any

51gn1f1cant equlvalent relatlonshlps in the non-nlxed

L)

'1nstruct10ns paradlgm.

An alternate but unlikely explanation would he that the
values of lon§ latency reflex modulation involving‘“compensateﬁ
responses‘night havz‘been~contaninated by some overlapping |
volnntafy eﬁtirity, t hereby obfuseating'a (possibly) existing
relationship between long latency reflex modulation and reactlon
time. The relatlonsh1; betieen ‘pure' reflex anplltude
modulation and reactlon time uoﬁld then be masked by a variable
deeree of overlap from subject to‘suhject; However, assuming a

relationship between reflex noaulation and reaction time to

2

exist, the faster reactlng subjects would then have the greatest

degree of voluntary overlap of long latency reflex responses.
This would enhance rather than reduce an rnverse’relationship
between the tw¢ variables and would therefore result in
sidnificant relationships between all uodulations and reaction
time. Clearly this wvas pot the case, indicatinévthat the long

£8




°

from - .

\latency reflex_cdmponépt7;as accurgtely sepérateq
sﬁbseqhént vqluntaryvactivity. .
' In conclusion, a .relationship between reflex rodulating
ability~andvreactibn time nay”gxist,vbut the data gjathered here
vare not conclusive. | | %

S

v

Modulation of Agonist and Antagomist Backgrounds

- The inverse noddlation of background activity in the
opposiﬁg‘luscleﬁgrbups observed in tvo subjects during

"compensate" in the 1-choice paradigam did not gesnerally occur. \

Increasing extensor tone as a possible mechanism for decreasing

flexor background appears to be uncommon. Further, it appears
ap

_that most changes in tonic flexors!' activity broughf about by
instructions were not sufficiently great to destabilize the
joint an 4 reguire conpehsatory adjustments in tonic activity of

Y

the extensors.

S

ffects of Aging -

F
1]

Aging, across*théispan of years cdnparéd in this study, T 5
does not appear to.sigmificantly alter abiﬁity to rodul ate

) 3

stretch reflex activity vi th instruéfibns.,fdéﬁfiéil eodulation
. was seem at the level of skort ilatency reflex actiwity .in the -
twc grouprs, %ean differences between "compensate" and "let go"

+ instructions differed for the long latency reflex response for

€9
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the two age groups,. but not substantially. Heanihoﬁulhtion"

between "compensate" and "let go" long latency reflex. responses,

vas Lhree fold in the younger group and only tvo fold in the
older. Since the .range of "conpensate" long latency reflex
amplltude across loads gés néarly 1dent1cal for the two age

groups (Fig. 13), the dlffyrence in the magnitude of modulation

E

of the seoond component was due to the larger "let go" respoase

in tbe‘older group. Ccuparisoo of the rwo groups for short
latehcf refler respodses and backgroﬁno levelsv;Figs.A12 and 11)
reveals that the oloer group had oonsistertlybﬁigher levels of
acilvity for/ both igstructionsf It would appear,ﬂtherefore, that
the largér Klet go" responses iéltﬁis age group,‘parricularly at
longer latenc reflexaintervals: vere probao Yy iue to theu;d
initiakky higher aotivity in the motoge&ron'pool. The‘older
.group had nearly twice éhe tonic activity of rhe yoﬁqgér
subjects vlrh the same pre-lood(Itbs possible thet’this bias
®ay have represented a 1;rger proportion of total puscular
loading capaciry in the;older subjects;'Ihls does not seen .

likely since it is known fhat.nuscle sirength as well a5 muscle

mass and number of motor units decreases with age ohly'after the:

si xth decade oﬁ‘life {Brown, 1972; Canﬁ%ell et 21, t1973- Grlnby .

et al, 1982). And the najorlty of the older subjects in® thlS ‘

study were younger than 60. Alternatlvely, the ?OSS}hlllty that

the ol der subjects had higher tonic levels due to co-contraction

of flexors and_extensgss vhilge siabilizing handle position

cannot be excluded.

/

~

N
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"1t is interesting fo note thatrconpérab1é7ﬁ66515{163 6%
-ref;ex aétivity'was achiéved in the two age groups with an
absence of modulation of background-ih the older group. It seens
-likely ‘that similar facilitation of motoneuronmn activity Qccuredr

) . — . -
in both groups in preparation to "compensate", but that only in -

the'youngerlgroup was it'sufficient‘to p;pdhcé a Just meésurébjb
EMG change.

In supmary, it appears tﬁat the neural pléstiéitf required
to modulate stretch reflex components is well retained atrleasfa
‘until the 60s. The abilityvto effect%vely nodulate responses
appears to be‘highly idiosynchrat ic, ip aduithsgd; andvnot
neéessarily related to age. Across botﬁbgréups/gf subjects in
Experimen¥ ITI the subject who cculd modulate the reflex
anplifude thé leéét also happenea to’pe the youngest subject, 21

years old. _ ( . : , —
In terms of other age'ielated compari sons, it éS»poséible
that the 4.3 ms difference in the start of the short latency R
reflex component Qetneen the tvwo ége groups could have béen a
nanifésfatidn of fhg decreased conduc tion velocity already
documented with ;ge (Campbell et al, 1973). Given the small
amplitude of fhe difference and the ahsencebof a similar shift
in the‘longer latency reflex and voluntary components this seenms -

anlikely. More probably the differencé was due to sampling

differences. f\ , -
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.-

,V'mhe,anticipated;SIOVing of reaction time with age'was},

observed in the older group of subjects. Tbls is a well

-

”establlshed phenomenon (Evarts et al, 1981- Suc1 et al, l§63),

3

.and 1ndependent of . the lh":-r empha51s placed on accuracy by

' older 1nd1v1duals in ch01ce reactlon time paradlgms (Salthouse,

1979y . - - o - o
T he large iuyerse relationship between age and reaction

3

time obtained:.in the younger grcup was.comEletely udexpectedﬂv

pespite the high-value of'statistical eignificance for this

»

I i L& ,
relat ionship the results appear unllkely No similar ] ‘\

relationship was'obtalned in the larger sample of” young subjects.
’ . I N \
used in. Experlment I. .The 51gniflcant results obtained from the

s

"younger group in Experlment II must be artlfactual, probably due

to the small number and age clusterxng of the subjects.’ 'Z/

13 e
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