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Fig. 3. ,4. Effect of background lusimotor activity in a spinal cat on rcsponse oJ a soleus pli-

ma_ry ending to a lineu. ata"t"h ut l8 mm/sec Top record, ventral roots intact' Lower record'

aiiei sectioi of ipsitateral ventral roots LvI, LVII and SI' Additional traces indicate muscle

;;;,Lt ,r; tension during strctch. .8. Scatter diagram oI effects of ventral,root section in

;;i;;i; or, ayn.-i" index (ordinate) and static rcsponse (abscissa). of ante or tibial

iJi."t 
"t 

unA hteral gastrocnemius or soleus primary endings (squares)' Rate of muscle

.i..i"ft ufruvt l8 mm,'/sec. Open symbols, observations from acutely spinalized cats' Filled

.ntof. ttorn cats spi;alizedthe previous day. Frcm Alnes, Jansen & Rudjord (1965 )

in the decerebrate preparation. Evidence for such a depression of flexor fusi

motor activity has been plesented by Pascoe (1963) and Yoorhoeve & van

Kanten (1962).

As a fina1 point in the discussion of background fusimotor activity in the

spinal preparation, an important observation made by Hunt (1951) will be

considered. Hunt found that this activity tended to disappear after complete

bilateral section of the dorsal roots. It is likely, therefore, that the dynamic

fusimotor background activity referred to above is supported to an appreciable

extent by dorsal root inflow. In the decerebrate cat fusimotor activity persists

after extensive sections of dorsal roots (Eldred, Granit & Merton, 1953)'

To which extent this applies to dynamic as well as static fusimotor activity is

trot known.

Reflex actiyation o[ fusimotor treurones. With the establishment of dynamic and

static fusimotor fibres the efferent part of the nervous control of the skeletal

muscles has become appreciably more complicated. To account fully for motor

behaviour it is now a question of determining how each of the three efferent

nervous elements (a motor, dynamic and static fusimotor flbres) are engaged

in the various reflex and motor acts of the organism. Since the functional role

of fusimotor activity in relation to control of movement is at present poorly
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1OO J. K. S. Jansen

Fig. 4. Fusimotor reflex effects in a flexor muscle nerve during ipsilateral (r) and contralateral
(C) cutaneous stimulation.,4. Background fusimotor activity in tenuissimus nerve, B. Ipsi-
lateral foot touched. Fusimotor activation as well as excitation ol alpha motoneurones (large
spikes). C. Contralateral foot touched. Fusimotor inhibition. Experiment pedormed on a
spinal cat. From Hunt (1951.)

stimulation of peripheral nerves did not give a similar clear cut distribution of
fusimotor effects. Single shock stimulation of peripheral nerves usually pro-

duces only weak fusimotor eflects whereas repetitive stimulation causes long-

lasting, high frequency fusimotor discharges. In a recent series of experiments

we have attempted to determine to which extent dynamic and static fusimotor
eflects could be distinguished in such spinal reflexes. Electrical stimulation had

to be employed as fairly long-lasting and stable states of fusimotor activity
were required to permit test stretches of the muscles. In the soleus of the de-

cerebrate cat it has been shown that various reflexes commonly produce long-

lasting stable fusimotor effects. As a rule such activation applies to the primary

as well as the secondary endings of the spindles (Jansen & Matthews, 1962c,

D). Observations on 25 primary endings of soleus and lateral gastrocnemius
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Fig. 5, Scatter diagram of ellects of
repetitive stimulation of contmlateml
lateral popliteal nerve on gastrocnemius
and soleus primary endings. Change in
dynamic index along ordinate, change
in static rcsponse along abscissa. The
diagram represents the observations
from the 25 primary endings studied in
4 decerebrate cats.
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release of stretch. In addition, co-activation of secondary endings was re-

gularly observed. An example of such effects during stimulation of the con-

tralateral median nerve is shown in Fig.6l. As pointed out above, all this

suggests static fusimotor activity, and the most striking feature of the experi-

ments on flexor fusimotor reflexes in decerebrate cats was the absence of con-

vincing signs of dynamic fusimotor effects.

In spinal cats, on the other hand, the fusimotor reflex effects on spindle

receptors were entirely different (Alnzes, Jansen & Rudjord, 1965). The char-

acteristic change in response of the primary endings of soleus as well as tibialis

anterior was an inclease in the dynamic index with only a moderate increase

in the response to static extension. Firing during release of stretch was not

induced, and neither was co-activation of secondary endings observed except

very exceptionally. Fig. 6,8 provides an example of a typical fusimotor reflex

during stimulation of the ipsilateral saphenous netve in a spinal cat. Such

effects were regularly observed during stimulation of the contralateral lateral

popliteal nerve as well, and as argued above they can reasonably be explained

as caused by activity predominantly in the dynamic fusimotor fibres.

Comments. Some rather unexpected features emerged from this comparison of
fusimotor reflex activity in spinal and decerebrate cats. The first was the ab-

sence of signs ofstatic fusimotor activity in the spinal preparation. Examination

of cats spinalized one day before the final experiment proved that this was

probably not due to exceptionally longJasting depressant effects of the spinal

section. Such 'chronically' spinalized cats were always reflexly very active.

It thus appears, that static fusimotor background activity as well as the reflex

pathways o static

suprelt iLgIqeJ ple avai!1b11!o11p1qs!!9rd r:!9ljl4]4,q It

I to relate this to the observation of Hunt and Paintal (1958) that about 60 % of
I the fusimotor fibres were silent and could not be reflexly activated in the spinal

\ cat. Nothing is known with regard to the localization of a possible supraspinal

\ mechanism supporting static fusimotor activity. The experiments of Granit,

Holmgren & Merton (1955) on fusimotor reflexes after lesions of the anterior

lobe of the cerebellum may, however, be relevant in this context

Another difference between the spinal and the decerebrate preparation which

is most easily explained by supraspinal control of fusimotor neurones is the

lack ol dynamic fusimotor effects to flexor muscles in the decerebrate prepara-

tion. Experiments demonstrating the release of an a flexor reflex as well as

dynamic fusimotor activation of anterior tibial muscle spindles after spinal

section in decerebrate cats suggested that the dynamic flexor fusimotor neuro-

nes are subject to a descending tonic inhibition in the decerebrate state (Jansen

& Rudjord, 1965).
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tent the static and dynamic fusimotor effects are coupled or independently

operated (examples of both have been presented above) in the various modes of
fusimotor activation remains to be elucidated by further expedmentation, and

it can be expected that this information will contribute to our understanding of
the functional signiflcance of the static and dynamic fusimotor systems.
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Fig. l Schematic diagram of the experimental set-up. The ribs in the segment under study,
which articulate on the seventh (Th VII) and the eight (Th VIII) thomcic vertebrae, are at-
tached to the myograph. The length and tension of the muscle (M) can be measured simul-
taneously and independently ofeach other. The length-measuring device, marked I, is a differ-
ential transformer and the tension is recorded by means of semiconductor strain gauges (T)
fastened to steel springs in the hind rib holder, The sinusoidal length changes were produced
by the eccentric coupling (S). It is connected to the myograph frame by a link which is much
longer than the radius of the coupliflg.

device allowed length and tension to be measured independently of each other.
Sinusoidal stretches were obtained by means of an eccentric coupling driven
through a gear box by an electrical motor. The eflect of fast ramp changes of
length on the endings were also studied. In order to minimize variations in the
efferent inflow, the animals were hyperyentilated during the measurements.

Muscle spindle activity was recorded in the usual way from split dorsal root
filaments. Recordings from two different endings during sinuoidal length
changes are shown in Fig. 2, The impulses were counted by an instantaneous
frequency meter (Matthews, 1963), the output of which fed the Y-axis of the
oscilloscope, muscle length being represented on the X-axis.

Fig. 3 shows a unit whose rate offlring at the lowest frequencies of sinusoidal
stretch was linearly related to muscle length. Increasing the frequency of the
stretch reveals a small velocity sensitivity, (Fig. 3, 1and2 Hz) indicated by the
increasing width ofthe curve. It can be pointed out that to a fast ramp change of
length this fibre had a very small'dynamic index'(Jansen & Matthews, 1962).
The rather asymmetrical shape shows that the transfer function of this ending is
nonlinear.
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Fig. 3. The response to sinusoidal length changes of difrerent frequencies of an ending which
is mainly position sensitive. Abscissa: muscle length Ordinate: discharge rate frcm an instanta-
neous frequency meter. The ending is position sensitive for frequencies below 1/4 Hz. For
higher frequencies a velocity dependent part of the response is added to give the curves an
elliptical form but the curve is still rather asymmetrical. The arrow indicates clockwise rota-
tion, i.e. the discharge rate leads the muscle length.

long time constant makes the Jansen-Matthews definition of the static value

(measured 0.5 sec. after the end of the stretch) somewhat inaccurate.

For our purposes another quantitative measure of the magnitude of velocity

sensitivity has been found to be more suitable. We have used the difference be-

tween the rate of flring at the instant when the velocity of stretch is highest and

the rate of flring at the instant when the velocity of stretch is lowest. Thus, the

width of the elliptical plot (Figs. 3, 4) measured along the vertical axis is taken

as an index of the velocity response. In Fig. 5 this index is plotted against
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Fig. 5. Diagrams showing
the relation between the
'velocity index' ol different
endings and the maximum
velocity of stretch during
sinusoidal length changes.
The 'velocity index' is repre-
sented on the ordinate by
the dillerence between the
rute of firing at the instant
when the velocity of stretch
is highest and the rate of
firing at the instant when the
velocity of stretch is lowest.
Each curve consists of val-
ues from one ending. The
behaviour of the endings in
the very lowest velocity
range has not been investi-
gated. The spindles in ,4 had
intact efferent innervation,
while in the experiment re-
presented by B the ventral
roots were cut.

Note the differcnce in
scales in I and B.

0 5 ,0 nal5e( 15
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is more pronounced in l, which could mean that in the hyperventilated as in the

spinal cat the dynamic fusimotor fibres dominate (Alnaes, Jansen & Rudjord,

r965).

It is evident from Fig. 5 that the relation between velocity of muscle move-

ment and the velocity response of the ending is not a linear one starting from

zero, as assumed by Vossius (1961) in his attempt to describe the transfer

function of the spindles. This makes the simulation on the analogue computer

somewhat complicated but not impossible, as trial runs have indicated.
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plates seen occasionally near to the end of some nuclear bag intrafusal muscle

fibres and indicated by broken lines in Fig. 1. In the following discussion p

innervation of spindles is ignored.

The regions of the intrafusal muscle fibres in which 7-plates are located are

shown by cross hatching(/////)in Fig. 1. The 7-plates occur in a group at each

spindle pole so that the central 2-3 mm of the spindle is free ofy-plates. Boyd
maintains that the /-plates are usually situated on nuclear bag intrafusal fibres

only (Fig. 1a). Barker believes that r.,-plates lie on both nuclear bag and nuclear

chain intrafusal fibres (Fig. 16). The regions in which y-trails are located are

shown by cross hatching (\\\! in Fig. l. The /-trails are found in the central 3
mm of the spindle, though the region occupied by theprimary sensory ending and

one secondary sensory ending (about 600 p) is usually free ofy-trails. If there is

more than one secondary sensory ending (there may be as many as five) then

2,-trails may lie on the same region of intrafusal fibre as secondary sensory ter-
minations. Boyd believes that 7-trails are normally situated on nuclear chain

intrafusal muscle fibres (Fig. 1a) and only occasionally on nuclear bag flbres.

Barker maintains that 7-trails usually lie on both nuclear bag and nuclear chain
intrafusal fibres (Fig. 1 D). For simplicity, only one muscle fibre of each type is

shown in the diagram; there are usually two nuclear bag flbres and four or five

nuclear chain fibres in each spindle,

Matthews classified /-efferent fibres as 'dynamic' and 'static' fusimotor flbres,

stimulation of which modiies the discharge in Group Ia fibres as described at
this symposium by Laporte. The conduction velocity of dynamic and static
fibres is not greatly different and the 'dynamic' and'static' behaviour ofspindles
in different sites is remarkably consistent. It seems unlikely, therefore, that the

slowly-conducting thinly myelinated 7 flbres of Boyd, which are present in
greatly varying proportions in the nerves to different muscles, correspond

closely with either dynamic or static fibres. For the present it will be assumed

that the thinly n.ryelinated 7 flbres have a function not yet ascertained, and that
both dynamic and static fibres are contained within the morphological thickly
myelinated 7 fibre group.

The available information about the properties of dynamic and static flbres

obtained by Matthews and Laporte and their associates may be summarised

as follows. Stimulation ol dynamic fusimotor fibres always increases the dyna-

mic sensitivity of the primary sensory ending but produces only a small change

in the frequency at constant length. Dynamic flbres usually do not modily the
response of secondary sensory endings, unless the secondary ending already
shows a significant dynamic response to stretch. Dynamic fibres never produce

driving (one to one stimulus-response pattern) of either pdmary or secondary

sensory endings. Stimulation of dynamic flbres produces local, non-propagated
responses in the spindle which sum to some extent but never produce a spike.
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fibres of small diameter (possibly nuclear chain flbres) giYe a fast twitch in re-

sponse to a single stimulus applied to the muscle, and a fast rising tetanus when

stimulated repetitively, while intrafusal fibres oflarge diameter (possibly nuclear

bag fibres) give a slowly risingtetanus in response to repetitive stimulation. These

results suggest that nuclear chain fibres may be capable of responding very

rapidly to direct stimulation (which is consistent with the fact that Boyd has

shown that they atrophy relatively rapidly when denervated), but are usually

operated by dynamic 7 fibres which produce local contractions. Such fibres

are known to occur in crustacea. Nuclear bag flbres, on the other hand, may be

supplied by static 7 fibres which produce a relatively slow contraction of one

polar half of the fibre. It is possible, however, that the fast twitch seen by Smith

was, in fact, occurring in nuclear bag fibres and the slower contraction in nu-

clear chain flbres.

Extending Laporte's own hypothesis of the behaviour of individual intra-

fusal fibres to the structural arrangement shown in Fig. 14, the whole spindle

may behave as follows. Repetitive activation of a dynamic y fibre produces

a rapid local contraction of the region of nuclear chain intrafusal fibre under-

lying the appropriate / trail. This produces a local increase in viscosity relative

to the rest of the fibre which results in an increased dynamic response of the

primary ending to stretch. The small spirals of the primary ending are located

in the region of the nuclear chain itself which has fewer myofibrils, and is thus

more extensible, than the rest of the fibre. The local contraction is, however,

weak and produces only a small increase in the discharge of the primary ending

at constant length, and no detectable increase in the discharge of the secondary

ending which is situated on a less extensible region of muscle flbre. Secondary

endings adjacent to primary endings may sometimes have some of their ter-

minals over the end ofthe nuclear chain, and hence show a slight dynamic re-

sponse to stretch, and some increase in dynamic sensitivity when dynamic 7
fibres are activated. It is unlikely that the production of a localised contraction

by a dynamic 7 fibre can produce driving ofeither primary or secondary endings,

which agrees with the experimental findings.

Repetitive activation ol a static 7 fibre produces a maintained contraction of
one polar half of the nuclear bag intrafusal fibre innervated by the appropriate

y-plates. This contraction may be of slower onset than that in a nuclear chain

fibre, but it results in a stretch being applied to the whole of each nuclear

chain fibre which is attached to the nuclear bag fibres. Both the large and small

spirals of the primary ending are considerably stretched with a consequent

large increase in the discharge of this ending when the muscle is at constant

length. The discharge of the secondary ending at constant length is also in-

creased considerably since the nuclear chain fibre on which its terminations

are mostly situated is stretched. The dynamic sensitivity of the primary ending



'(gS-Sf 'dd ees) elrodel

ry nosseg ,(q reded erlt Jo lxet aqt olul petr"rodroour uaeq a,req suorlsa8Ens esaql

'lsenbar s.rolrpa eql tV 'euode'I ,{q petseSSns eror$ ',{Ie^gcadseJ 's8ulpue

1re:1 pue e1e1d 
"r^ 

sAulpue .{:epuoces puz ,{rzurud 3o o8regcstp ogl uo slJega

rreql uexe 1q3[u serqg Jrrueu,{p pu" cp€}s ,{qaJeqa srrrs-ru€qceu] elqlssod '9
',(po qrerl o^reoal ,{lpnsn sorqg umqc

lEqt pue ',(luo sel"ld e^reJar ,{llEnsn saJqu 3€q t?ql sulelul?tu p,(og :lr"J} pus

eleld 'Eulpue Jololu go ed,(1 qcee se,rrecer ,{gunsn 'umgc pue 3Bg 'erqg elrsnur

IBSnJ?rul Jo ed,fi qcee 1eq1 surelumnt ralJ?g salpugds 1zc q s8ulpua JoloIIr Jo
uopnqrJlsrp egl3u1p:e8e: lueruaerEesrP se,{r eJeg} 1eg1 peauEocer se^{ 1I ',

'slr?J1 s" el?ulruJel

seJqu clursu,(p 1"91 pu" 'sot"ld-pue se salpulds ul elBurrrrJ4 serqg cll"ls 1"q1

etrBcrpur ol pe:eedde elqeye,le luaserd t" acuopho oql 1?ql poaJ8e s",rA 1I 'g
'elpurds e ut .soleld /, pue ,se1u1d l, go lzeds o1 ,{resseceu aq sotull

-eulos lr{8rur tr 1Eq1 pezruSocer s€,rr 1I 'sopld-pue s? el?ulurral qloq serqg e1e1d I
pue serqg 6i acurg '.seJqu Irert l, pue .se:qg ele1d l, peger pue 1mrtr pue e1e1d

's8urpua Jreql Jo ernlBu 01 Surprocc? peqsm8ulsrp aq pFoqs eseqt lBqt pue

uorlelJeuur JolorursnJ ol pelnquluoc erqg lgo spuu orru l"rll paorte s",ra lI'Z
'uorls^reuul JolourlsnJ otr elnqutruoc

osl? serqg d (O pu" :seqcu?Jq IBururret rreqtr Jo esoql pue e^reu olcsnu eql uI

sarqg urals-l go sreleu?rp uaa,{laq uonslerro, ou sr eJeqt (e) eculs peuopueqe

eq pFor{s pu? }u?punpoJ erlocoq pErI ?l pu€ rl surel eqtr leql poor8? s?,n lI 'I
:s1r\olloJ sE PezIJ

-?ruruns eq [Err[ uoJle^Jeuul JolourrsnJ 8ulpreEu lueueartesrp pu" luaureeJ8B

Jo seorc aqtr 'runrsodru,(g eql Jo ,{?p tsel aql uo uolssnrslp I?uU eqt ruoJC

rollpg

'suqg ?eq reelcnu s? gfuol ou"s aqt lnoqe er? sarqg

rrreqc J?olcnu eql q3l{,r ur 'solrsnru snoossoJelur eqtr ur esogl se gcns 'selpurds

ol ,4[dd? u?c ursluBqceu 
" 

qcns Jr InJlqnop sr 1r ':aqirng 'p:lelnur]s are.{l serqu

I cpets ueq.,'r asuodsal lecFpele ;o seddl lueregrp o,r\l peurclqo ouod"T ,(q^{

un ldxe lr seop Jou 'JotrorursnJ ,(lurepoc lsourl? or? rlcrg,t selJau egl ur serqg I
pol"ulla,4ttl flurql aq1 lunocc? olur e)Btr lou soop lI lsot l"luauruodxa ol Jlesll
spuel qcry,r srseqlod,{q € u?q} aJorrr ou sr slql lEqt pasrsBr{due eg pForls lI

'o od€'I ,{q punoJ sE'arqu I
clt"ls aures eqlJo uorlslntuqs,(q ualrFp a:e sSulpue frepuoces pue ,{reutud qlog
's8ulpua,ftosues aqt3o Eurr'yp luanbasuoc gll^\ $rqg upqc r"elcnu arll ol qqeJtrs

cruq1,{qr ,{1dde 
^eur 

serqg 3€q Jeelcnu eqtr Jo uollcBrtuoc clurgftrql{ '11 ulqllr\
peuleluoc salqu I"snJsrlur er{l Jo Ered aql ol pollltusuell eq u?c qclq.^{ uolsuel
-xe aql str[u{ pue pepuo}xo,trou sr elnsd", eyputds eql eruls pocnpal oq,{?uI

6ll sapulds aps w uo suolssncslol




