
THE LOCATION OF MO'l'C9R END PLATES AND THE 
DISTRIBUTION AND HISTOLOGICAL STRUCTURE OF 
MUSCLE SPINDLES IN Jaw MUSCLES OF THE RAT 
h l  

IS rt~O1)l'CI'ION 

In  recent years an  increasing interest has  been taken in prob- 
leiiis concerned with the innervation of striated muscle, and 
iiiuch work h:is already heen done on the subject, both iiiorpho- 
logical :inti physiological. 

This paper deals with the location of iiiotor end plates and the 
distribution and  hi5tologic:il structure of iiiuscle spindles in the 
jaw iiiuscles of rat .  Only s p r s e  inforiiiation is found in the lit- 
erature concerning the innervation of jaw iiiuscles, and no syh- 
tematic studies of this probleiii appear to have been iiiade. I3ased 
on exaniination of different striated muscles froiii still-born in- 
fants  Christensen (19.39) concludes that  the end plates of sltele- 
tal niuscles :ire tound in the inicldle region of the iiiuscle where 
they occupy a plane equidistant froni  the ends of the inuscle 
fibres. Coers ( 1 Xi!)) states that with few exception\ this is  the 
case for iiiammali:m inuscles in general. 

The presence of inuscle spindles i n  striated iiiuscle was first 
observed by Kolliker ( 1x82).  In 1894 Sherr iny ton  presented :I 

very detailed description of spindles from d e r en t i n  R i n  1 n a 1i:i 11 

muscles. Since that time these structures l i a ~  e been studied by 
a variety of authors. Recently Bo!yti (1962 a, b ) ,  EIdred et t r l .  
(1962),  Barker (1962) aiid Coopcr c t  Dnniel (1963) have given 
detailed information concerning the occurrence, distribution and 



Motor end plates 

;\Iict~otlissectioti reveals t h a t  the iiiuscle fibres ruti cont inuous-  
ly f ‘ i ~ o i i i  origin to  insertion i n  all the muscles ex i in ined ,  reg;ird- 
lcss of  the i r  shape. ‘I’he tiiuscles receive the i r  nerve supply  froin 
the. ti-igetnin:il nerve, t he  bundles o f  which in  :I relatively re- 
stricted area 1)enetr:ite t h e  tiiiiscles on the i r  iiiedial aspects.  After 
having 1):issed i n to  the iiiuscle i i i a s s  t h e  greater nerve trunks 
divide in to  siii:iller bundles, atid a1 the s a m e  tiiiie r~iitiific:ttioti 
o f  the nerve fibre asons occurs. T h u s  the  peritiiysium ; ind en- 
tloiiiysiuiii o f  the muscles :ire penetrated by :I great tiiittiber of 
gradu;il Iy dividing nerve bundles. l h e s e  :ire o f  differciit sizc. 
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Fig. 1. 1)rawings o f  traiisyersc sections of  rnusculus rnassctcr at different 
levels from origin (1) to  insertion ( 3 ) .  Each dot indicates a spindle. Black 
l i n r s  indicate connective tissue septa. Only a few spindles are found in ilie 
la teral  portion. Distances betwcen drawings are equal (2.5 rnrn ) .  a anterior, 

1) posterior, rn medial, 1 1atcr:il. Spindle aggregations at A-I). 

When the innervation zone is reached, the terminal bundles usu- 
ally contain less than 3 0  and often less than 1 0  fibres (Fig.  4 ) .  
Ultiinntely, these fibres separ:ite and :IS sole :isons cross :I few 
muscle fibres before terminating. T h e  course of these terinitial 
asons is  Ili05t~y straight. Haring reached the niuscle fibre, the 
terniii1:rl :irboriz:ition of the motor axoil and the subneural ap- 
p r a t u a  o f  the muscle fibre contribute to the end ph te  (Fig. 5 ).  

As :I rule, each muscle fibre is  provided with one end plate only. 
In  a very few cases, howeyer, two plates seein to lie on the s:iiiie 
muscle fibre, hut s o  close to each other that they are both situ- 
ated within the limits of  the general innervation zone. In cases 
of double end plates i t  is difficult t o  ascertain whether their 
nerve supply is due to  :I terniinal branching of :in :ixoii or not. 
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tent is  filled by lots of sinall roundish or thrwd-like formation\, 
irregulnriy distributed anti yerg tlarkly stained. Ainong these the 
final 1~r:inches of the m o t o r  :ixon ran he seen in soiiie of the end 
plates. The inncryation huncl is in :ill muscle\ situated equidic- 

tantly from both ends o f  the inusclc, :illnost 1)erpeIldicular to the 
fibre direction. In none of the inusrles does any  sign of double 
inneryation zone exist. 



Muscle spindles 

.\!rtssc,ter. I l l r r s t ~ l e  

' the 1ii:isseter of  the rat consists :IS in other ~ ~ i ~ i ~ i i 1 1 1 : i l ! i  o f  :I 

suI)erficial and ;I 1)rofound Iwrtion. The former is the iiiost vo- 
Iuiiiinoiis. The fibres of the two parts h:ivc :I slightly different 
u)iirse. 'I'his :iccounts for :i solnewhat different fibre appearance 
i n  [he sections. 1)espite this, the two parts of t h e  Iiiuscle v e r e  
included i n  the s;iine I-)locl< and exnmined together, since :I sel);i- 
r:ition iiiight h a r e  caused d:iiii:ige to iiiuscle spindles :iloiig thc 
inidlinc region. In the iiiusseter altogether 1 3 0  spindltbs :ire 
t'oiincl.Q ) 'l'he region o f  origin and insertion of  the iiiuscle :ire 

devoid o l  spindles. I n  the whole lateral portion o f  the iiiusclr 
only ti spindles :ire ohserved, iiiost of them close t o  the iiiidline. 
'Hie distribution o f  the spindles in the transverse direction is 
h i g 11 I y 11 i i  even , wli i I e t he (1 is t rihu t ion in the 1 ongi t 11 din :il d i i w  - 
tion is even and continuous. A conspicuous concentr:ition of 
sl)indles in the tr:insYerse plane is found in four p1:ices ( Fig. 
1 A ,  I<, C, I )  ) .  At soine dist:inre froin the origin of the inuscle 
10 spindles :ire concentriited in :I restricted posterior areti ( Fig. 
1 X i. l2ikewise, in t h e  iiiitldle region of the  muscle m d  t o w i l d s  
thc insertion 3 heaps o f  spindles :ire situ:tted (Fig.  1 13, C, 1) i 
e:ic.h 1ic;il) consisting of (i--l2 spindles. Accordingly, also great 
: iw: is  0 1  l l i e  iiiedial portion of the 1ii:isseter are without sl)intllcs. 

l ' c ~ l r r / " l l ~ l l l  lllrrsc~lc 

'I'hc tcml)or:il uiuscle is also divided in :I iiiec1i:il :ind :I I:iter:tI 
1):ii.t hy ;t strong connective tissue septum which extends tliroiigh 
t h c  cntire ~ i ~ i i s c l e .  I'he two portions are o l  :ipproxiiiiately Ihe 
s:iiiie size. 'I'he Inter:il part contains no spindles. Both the origin 
ant1 insertion :ireas o f  the  niedi:il portion :ire devoid o f  spindles, 
t hv  niiin1)er OF which gr:idu:ilIy incre:ises towards the ~iiiddle 
region where spindles occur most :ihundantly. illloget her 46 
s1)indles :ire ohserved in the teiiipor:il inuscle. Also in this iiiiis- 
c I c s i i i  2 I e s 1) i n d I e s occur , 1) u t c ( ) i i  s pic ii o LI s c o 11 cent r:i t ion s, e s 1) e- 

::.) I n  thih and the I'ollo\ving muscles this nurn1)er is 1)ased on counting3 
iri  orie t o t a l  rnusclc w.herc every sc,ction of  tlic ciitirc scxriea was  c.u;iiriirtetl. 
1 1 1  u t l t l i t i o t i ,  r ep icwnt : i t i \ c  par t s  o f  identic:iI muscles on t l i r  other s i t l c ,  and 

i 11 1 ;ii.iou 'r :I n i  ni:i Is .  \YCIY cs:i 111 i iicd f o r  coiiipari s o n .  

. 
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ci:illy in the medial posterior region contain about half the total 
number of spindles (Fig. 2 1 .  

Internti1 pler!ygord nirrscle 

The internal pterggoid muscle too is in its entire lensth sepa- 
rated into :I niedial nnd a lateral portion, both of approxiin:itely 
the sniiie volume. Iniinedintely after origin one spindle occurs 
in the core of the medial portion. In  the following sections the 
number of spindles gradually increases, and they disappear at 
a distance about two thirds from the origin of the muscle. This 
iiieans that the distal third of  the medial portion of the iiiuscle 
is couipletely devoid of spindles, and so is the entire lateral por- 
tion. Altogether, only 1 G spindles are found. Within the medial 
portion they :ire distributed in :I transversely strongly restricted 
:ire:i (Fig. 3 ) .  About one third of the spindles occur singly; the 
rest fornis heaps of 2 to 4 spindles, extending through :I great 
part of  the muscle. 

In this muscle 110 signs of spindles were observed, neither in 
the end regions nor in the hellg. 

(;ener(rl j e c r t r r i e s  of t h e  spindles  

The inasseter, temporal and internal pterygoid muscles have 
many features in coiiiiiion concerning their spindles. When the 
saine niuscles of both sides of the same animal are compared, 
the distribution patterns of the spindles of the two sides :we in 
hro:id features the s:iine, even if they are not identical. This is 
also the case froiii one :inini:il to the other. I n  other words, the 
nuinher of spindles varies slightly froiii side to side, anti froni 
:in i I i i  ;I 1 to a ni ni n 1. 

Each spindle is enclosed in :I cnpsiile of connective tissue, 
which also contains blood vessels and nerves. The capsule tapers 
gradually towards both ends or poles. At its midpoint, the e c p -  
torial region, the capsule displays for a short distance :I slight 
swelling, indicating the lymph space. Here there is :I gay between 
the capsule and the intrnfun:tl fibres. Beyond this region they 
lie close together. 



of the ~nuscles .  'I'hc longer spindles :ire tnostly situated in  t h e  
i i i i t l d l c  region, the shorter to\v:irds the ends o f  tlic inuscles, hut  
e s ceptic )ii  s ( ) c c  II I'. 



Fig. 9. Great spindlc unit f r o n i  t h e  1n;issetc.r. A t  this level 8 individual units 
arc found. Centrally, a giant spindle \\.it11 10 fibres [arrow) surrounded by 

other spindles. vaii (iieson stain. x 620. 

In most spindles some of tlie intrafusnl fibres :ire seen to ex- 
tend soniewhnt heyond the capsule a t  both poles, terminating ou 

neighbouring structures or estrafusnl fibres. The capsule of some 
spindles also encloses :i sinall bundle of extr:ifusal iiiuscle fibres 
from its equ:itori:il (Fig. 6 )  towards one of its po1:ir regions. In 
this end of tlie spiiitlle the intrafusal fibres join the enclosed 
estr:ifus:il fibres :ilre;idy within the cupsule (Fig. 7 ) .  A t  the op- 
posite end, however, the spindle fibres join another extrafusal 
fibre bundle after 1i:iving left the capsule. Enclosing of extra- 
fusal iiiuscle fibres in :I spindle in:iinly occurs in connection 
with :I spindle unit, :IS illustrated in Figures 6 and 9. A s  far as 
could be seen, only one of tlie spindles 11i:ilting “1) :I spindle unit 
is :it t :ich ed t c) the en cl o sed e s t r :i f u s:i 1 fib re. 

When enclosing o f  est Infusal fibres occurs in the iiiiddle re- 
gion of the muscle, it hns in a few cases been possible to trace 
:t sinall ne rw  bundle to the enclosed :ireu of the extrafusal fibre. 

A s  has heen inentioned, the spindles iiiay oceur singly or in 
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gre:iter units. Wi th  soiiie exceptions spindle units occiir most 
f i y u e n t l y  in areas o f  the iiiiiscle with :I high tolal nur11l)er o f  
spindles. T h e  spindle uni ts  are  coiiiposeed of 2 to  1 2  single spin- 
t i les.  The sin:illest units  are found in the inlernal pterygoitl, then 
follows the teiiiporal, while the ninsseter iiiiiscle displays the 
greatest units (Fig.  9 ) .  I n  11i:rny of the units one of the sliindles 
con1:iins :I inuch larger nuiiiher of  fibres than the other s1)iii- 
tllcs. Figure !) froi i i  tlie n1:isseter illustr:ites such :I giant spindle 
01' I 0  fibres surrctundetl by spindles of  5 fibres. 111 these units 
t he  single sliindles usually overlap c:icli other to the  eqii:itorial 
region, and the  great units may therefore extend throu;{Ii 1:irge 
1):irts o f  the muscle. Shcrr in~yton ( 1x94)  teriiieti these struclurcs 
c ( ) I I I 1") 11 11 (1 spi n d I e s. 

E:ich o f  the sl)indles in the unit  is surrounded hy i t s  oxvn 
c:il)siile which joins those of the neighliouring spindles ( Fig. 9 1 .  

'I'hus there is in both planes established :I great continuous c:il)- 
suit .  \vliicli 1)eriiiits the individu:il spindle to join its estrafusal  
fibres. I t  h:is never tieen seen that  the fibres o f  dit'ferenl si'in- 
tllrs in :I unit iiiake conl:ict. 

1 1 1  :I very few pl:ices tandem 1orin:itions were o1)sei.vetl. In 
thcsc, 2 se1):ir:iIe wpsiiles share  one or  :I few continuous intr:i- 
fiis;il filires. The few t:intleiiis occiii. hoth i n  s1)indle units :ind 
in siiiilile sliindlcs. hfore than  one t:indeiii s t ructure  h:is not been 
found in ; I  spindle unit, not even in the greatest. N o r  h:ive tiin- 
t l c h i i i s  including iiiore th:in two c:il)siiles 1)een observed. 

.S'piiidlv S O  i r c f i i r r  

XI1 the rs:iinined spindles cont:iin intr:ifus:il fibres which ( l i t -  
fer  in cert;iin respects. 'They differ in di:iiiieter, even if this often 
is I i t  t I c 1) I Y  )n o 11 ncetl . Flirt her iii ore, they 11 sii :I I 1  y ti  i f f  er in le ng t h . 
XIore c1i:ir;icteristic is, however, the d erence in numher and 
:iixingeiiient o f  nuclei in their eq1i:itori:il region. All fibres are  
iriiiItiiiiic.le~itet1 the nuclei Iwing situated centr:illy ;is well :is 1)e- 
ripher:iIly. I n  tlie Igiiipli s p i c e  region, hoxvevcr, the  nuclei of 
soiiie fibres :ire Iiacketl together, allnost sul)erseding the cyto- 
1il:isiii i n  this :ire:i. l'hese fihres, therefore, :ire naiiieti tiag fibres. 
'1'11~~ other category is naiiied chnin f i lms  since their nuclei 
ttiroagh tlie lyiiipli spec region :ire :irr:ingetl eentixlly i n  :I con-  
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Fig. 10. Spindle with only one bag fi1)r.c (arrow) but several chain fibres. 
bIasseter, van  Gicson stain.  x 620. 

tinuous row, thus foriiiing :I chain-like arrangeiiient (uccortling 
to the teriliinology of Boyd, l!)liO). Different staining properties 
of hag and chain fibres could not be found. 

Most of the spindles contain <5 to 7 fibres, of which 1 to 3 usu- 
ally are of the bag type (Figs. 10 and 11).  The bag and chain 
regions of adjacent fibres within the s:iiiie spindle are  :ilways 
situated at  the saine level with iiiiniinal differences. The num- 
ber of intrafusal fibres, however, shows great variations froin 
2 fibres in a very few spindles to 12 in soiiie of the giant spin- 

Fig. 11. Spindle wi th  3 bag fibres. hlassetcr, van Giesori stain. X 620. 





F 'ig. 11. Tlic spindle shown i n  Figs. 12 and  1 3  from t lw other pol:ir rcgion. 
Hcsrc the spindle has t1ii.w ~ possibly four ~~ fibres, one o f  which is 

assumed to lie o f  the h a g  type. van Gieson stain. X 900. 

dles. In the first case one fibre is of the hag type, in the second 
case there are 4 bag fibres. Upon the whole, d i e n  studying seria: 
sections one gains the inipression t h a t  the c1i:iin fibres represent 
the most variable type, both with respect to  number and length. 
While the bag fibres :is ;I rule taper and extend beyond the spin- 
dle capsule at both ends, joining extrafusnl fibres or other struc- 
tures, the chain fibres often seem t o  join the h g  fibres in the 
polar region within the capsule, or become attached to the cap- 
sule wnll itself. On the other hand, spindles are found in which 
the chain fibres approxiinate the length of the bag fibres. In  
these spindles both fibre types penetrate the capsule. It should 

Fig. 15. Terminal arhorizations of motor axon (arrow) in  the middle reginn 
of an extrnfusal fibre of the external pterygoid muscle. Bodian'5 method. 

X 620. 





Fig. 18. Nerve  hundlc  entering t h e  lymph s p i c e  1-csgion of :I spiiitlle. 
I3odion’s mclhod. X 620. 

sule contains additional fibres (Fig. 141. These are niuch shorter 
and thinner than the long fibre arid probd~ ly  of the chain type. 
M’hether they result from splitting of the long fibre or :ire sepa- 
rate fibres caiinot be ascertained. The first assumption probably 
is correct. 

The regions o f  the inuscles provided with spindle!, show a 
conspicuous abundaiicy of nerve bundles of different sizes. These 
bundles again divide ~ v h e n  npproxhing the spindle region where 
nerve bundles of 4 to 30 fibres run direct to the spindles. The 
fibre diaiiieters vary. The siunller nerve bundles provide :I single 
spindle, while the greater bundles are concerned with the in- 
nervation of greater spindles and units. 

The individual spindle nerve usunlly bends towards the spin- 
dle in the polar region and runs along the capsule to the e c p -  
torial region where it enters the spindle (Fig. 8)  and splits. 

Fig. 19. hlotor end plate (~ i rron . )  i n  the  justnequatorial part of :in iiitrafusal 
fibre.  I3odinn’s method. x 620. 
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:inieter. On the other h:ind, fo r  technical rexsoiis i t  is  very dif- 
ficult in longitudinal sections to divide the fihres :ircur;itely into 
categories . 

Inside a ~ i d  1)ar:ilIel with the capsule soiiie nerve fibres are 
found which seem t o  be of :I iiiitldle or small sized type. ‘ h e y  
run from the cqLiatori:il region in both directions and are  seldoiii 
seen to divide before they terininate on the striated part of :in 

in t r :i f u s:i 1 fibre . Here the n e rve f i hre bran c 11 e s :i nd p i  r t icil) :it e s 
in the formation of :I s i n a l l  iiiotor end plate (Fig. 1 W .  

Motor end plates :ire usu:illy found within the capsule, hut 
some fibres are :ilso 1)rovided with a motor end 1)I:ite in the ex- 
tr:ic:ipsular region. Not :ill  the end plates are  of the siiine ap- 
pearmce.  While i i imy of theiii are of :in extensive, e1;ibornte 
type, others appear :is sinall, roundish dots nnd look simpler. 

Motor end plates were found in  all the spindles examined, and 
appear to occur most frequently on bag fibres. 

Froiii the relatively large nerve fibres entering the spindles, 
the so-called :innulospiral or priiiiarg endings :ire formed within 
the area of the lyniph spice, both on bag and chain fibres. These 
nerve fibres :ipp:irently divide frequently, mostly inside the cap- 
sule. 

In  the vast iiiajority of the cases the priiiiary ending seeins 
t o  twine several tiiiies ;iround the intrafusal fibre in i ts  equa- 
torial region. These loops :il)pe:ir a s  composed of two fine and 
pr:i l lel  nerve fibres (Figs. 1 7  and 201, resulting froni division 
of a single fibre. I n  other cases the loops have the nppearance 
of one broad nerve fibre. Where double fibre loops appear, the 
latter seeiii to give off very delicate branches, the courses of 
which c:rnnot he fol lo\ved. 

In  soiiie spindles secontl:iry terininutions are obseryed. Their 
distribution and nuiiiber v:wg extensively. They occur on hoth 
fibre types, but titost frequently on  the ch:rin fibres. 

On soiiie intr:ifusal fibres, especi:illy in greater spindles, soiiie 
larger and middle sized nerve fihres :ire found. These fibres niost- 
ly terminate in the juxt:iequ;itorial region where they foriu wavy 
and highly irregular sprays of fine fibrils. 111 addition to the 
nerve fibres described here, every spindle contains n nuiiiber of 
delicate nerve fibres forming a coiiiplete network. 
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terminate in  a region of the iiiuscle fibre where there is a great 
concentration of nuclei. The morphology of the iiiotor end plate 
in the jaw iiiuscles thus offers great reseiiiblnnce to that  of end 
p1:ites in various iiiuscles of iiian and guinen pig :IS these appear 
in s i lwr  stained sections (Cotrtecizrx, 1060). I t  should he Inen- 
tioned, however, that  Coiirs ( 1953) arid Woolf A? Till (19.55 ) ,  

judging froiii Titally stained specimens and material tre:ited for 
rholinesterase activity, found striking differences in the  iiior- 
phology of end plates of i i i m  and rat. The reason for this dis- 
crepancy is not known. 

Another interesting detail should be nientioned. l h p i t e  the 
absence of iiiuscle spindles i n  the extern:il pterygoid muscle ( s e e  
la ter) ,  the  iiiotor innervation of this inuscle corresponds in :ill 
respects to  that of the other .j aw i n  u scle s ex:) iii ined . 

Counting of muscle spindles w i s  iiiade on transverse sections 
stained :iccording to van Giesoii’s iiiethotl. The total number of 
spindles in  one of each of the four muscles was registered nc- 
curately, and co inpr i son  iiiade with corresponding :ireas of the 
s:iiiie Inuscle on the opposite side in the  saiiie nninial. The  count- 
ings show that  there is  :I slight hil:ileral asyiiiiiietry in the nu~i i -  
her of iiiuscle spindles. Urrrkrr (1962)  found the same in other 
muscles in the cat. 

The iiinsseter is far  more richly endowed with spindles tlinn 
are  the other iiiuscles. The iiinsseter contains 130, the teiiiporal 
46, and the internal 1)terygoid iiiuscle only 16 spindles. These 
proportions iiiay seem striking coiiipared with the nuinhers for 
the  s:iiiie iiiuscles in  imin. These are  160, 217 and 155, respec- 
tively (Freimrtn, 1954). Furtherinore, i t  is  noticeable that Frei- 
i t z m  i1954) found the spindles distributed in the iiiedial as  well 
:is in the lateral parts of the muscles. Moreover, in  the iiiasseter 
1 IN spindles were located in the Iaternl (superficial) and 42 in 
the profound part  of the muscle. In the j aw  muscles of the rat  
spindles were only found in the inedial part of the inuscle with 
exception of a f e v  spindles i n  the 1:ileral (superficial ) p:irt of 
the iiinsseter. Since to the author’s knowledge :I siniilar distri- 
bution pattern has  not been found in other iiiniiiiii:ils, the strict- 
ly medial locatioii of spindles in the ,jaw muscles in the rat  
should probably be considered to be due to species differences. 
However, :I soiiiewh:it uneven spindle distribulion in hot11 plane\ 
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Obviously the spindle content varies in different iiiuscles in 
the saiiie species. Thus Bnrker c t  H u n t  (1964) on the basis of 
studies of rectus femoris and soleus state that the typical fibre 
content of rat spindles is 2 bag :ind 2 chain fibres. This is :I 

rather rare finding in the jaw niuscles where most spindles con- 
tain 5-7 fibres of which 1 - ~ ~ - 3  :ire bag fibres. It should :ilso he 
recalled that in the jaw inuscles spindles of 10 and 12 fihres 

A special spindle type w a s  found in  :I few cases, and nlwiys 
in close association with other spindles and spindle units. This  
type is of :I considerable extension and contains in its entire 
length :in intrafusal fibre of relatively large diaiiieter. In its eqLi:i- 

to r id  region it resembles n lxig fibre (Fig. 1 3 ) ,  and here also 
n nerve fibre surrounds the inuscle fibre. In one of  the polar 
regions this fibre is in a restricted part :issociated with a few, 
short fibres siiiiilar to the chain type. Possibly this large fibre 
is of the saiiie category :IS that described by Bnrker (1962) as 
belonging to a third type of inuscle fibre which occasionally 
branches. I t  is, however, difficult to :iscertain whether the 
s1ii:iller fibres result froii i  splitting of the large fibre, or if they 
represent sep:ir:ite structures. Splitting of intrnfus:il fihres has 
long been a iiiatter of controversy. Bnrkcr (1!)48), judging froiii 
studies in rabbit, denied splitting. Also Bo!jd (1!).58), Cooper 
(l!)ciO) and Szvett CP Eldred (1960) questioned :I splitting. Later 
Bnrker (1959, 1962) :idinits the splitting of :it least soiiie chain 
fibres, and Ro!yd ( 1962 a )  demonstrates tlie splitting of a hng 
fibre. It should be stressed, however, that it is often difficult to 
distinguish :I splitting of fibres froiii separate fibres when these 
are of different length. Therefore, tlie present author cannot giye 
decisive st:itements on this matter. 

Tnndeiii spindles :ire rare in the jaw iiiuscles of the rat. On 
the other hand, spindle units are frequent. A great iiuiiiher of 
the spindles belong to coiiiples formations where several spin- 
dles :it different levels in the transverse plane overlap each other 
and share :k co~iiiiioii, continuous c:\psule. ?'hey have the same 
structure :is similar units in iii:iny other iii:iiiiiii:iIs (see, e.g. 
Rldred et ol. ,  1962; Cooper. ~t I h n i e l ,  1963). 

Since the iiiuscle spindles act a s  stretch receptors, special a t -  
tention has long been piid to their innervation. A s  is knowi  

occ 11 r . 
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(1963), are also observed towards the polar region on the intra- 
fusal fibres of jaw muscles. They seem to arise from relatively 
small fibres which run  straight from the equatorial zone to the 
end plate region prob:ibly without branching. 

In addition to the nerve endings here mentioned, there are 
along :ilniost the entire length of the muscle fibre sinall circul :~,  
irregularly distributed dots. These are not present in the eqita- 
torial region. A s  far :IS could he judged, they are related to small 
nerve fibres. They are, like similar structures described by Cogrs 
(1959), considered to belong to the motor system. Recently 
Bcrrker c t  Zp (1964) too have given evidence of two kinds of 1110- 

tor endings in spindles from cat and rabbit. 
Finally, a complex network of nerve fibres of irregular course 

occupying the j ustaequatorial region, and extending son1ewh:rt 
in  the polar direction, should be mentioned. These fine fibres 
seein to  be derived from thicker fibres. They are probably iden- 
tical to the Plower spray endings described by Coers c t  Woolf 
(19.59), Coers (1959), Cooper c t  Z)trnid (1863) and others. Wheth- 
er in the jaw muscles they belong to the motor or sensory system 
cannot be decided from the present study. Coers (1962) when 
coinparing histological nnd histocheinicnl findings recently sug- 
gests that flower spray endings probably are related hoth to the 
inotor and to the sensory systeins. 

S L’M A1 A R S  

The present study deals with the location of motor end plates 
and the distribution and histologic:il structure o f  inuscle spindles 
in jaw iiiuscles of the rat. 

White adult normal rats were used. The excised iiiuscles were 
treated according to Miller’s, van Gieson’s or Bodian’s staining 
methods. The masseter, the t e tnp ra l  and the internal :ind ex- 
ternal pterygoid muscles were ex:iinined. 

In al l  inuscles, the fibres run eoiitinuously from origin to in- 
sertion. One motor plate is situated :ipproxitiiately a t  the mid- 
point of each fibre. Very few muscle fibres hare  two motor end 
plates close together. Thus :\ motor innervation band is located 
:\cross the iiiuscle equidistantly from both ends. The end plates 
:ire of :I plexiforni type. 

39 - d c t t c  odont .  scrmd. 1’01. 23. 
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Les fuseaux des muscles exanlinks avaient tous des fibres de 
type ”hag” et de type ”chain”. Dans quelques cas, on a observe 
des fuseaux contenant une longue fibre, probablement de type 
”bag”, et dans la rbgion polaire quelques fibres trks courtes, prob- 
ableruent de type ”chain”. Les fuseaux se prksentent i s o l h e n t  
et en associations. I h n s  yuelques cas, une extension de la gaine 
du fuseau englobe un petit faisceau de fibres niusculaires extk- 
rieures au fuseau. 

Dans quelques coupes, les terminaisons priinaires consistent 
en deux fibres nerveuses IiarallPles rbsultant d’une division ter- 
ininale de la fibre nerveuse lorsqu’elie atteint la fibre 1iiuscul:iire 
du fuseau. Des plaques niotrices B l’intbrieur du  fuseau ont kt6 
ohservkes &ins tous les fuseaus. 

Z U S A MMEN FA SS U NG 

DIE LOKALISIERUNG MOTORISCHER ENDPLATTEN UND DIE ANORD. 
NUNG DER MUSKELSPINDELN IN DEN KAUMUSKELN DER RATTE 

Die Untersuchung unifasst die Lokalisierung von niotorischen 
Endplatten und die Anordnung und histologische Struktur der 
Muskelspindeln in den Knumuskeln der Ratte. 

Weisse, erwachsene, noriiinle Ratten kamen zur Yerwendung, 
und Millers, van Giesons oder Rodians Farbeinethoden wurden 
benutzt. M. Masseter, M. Temporalis, h4. Pterygoideus int. und 
ext. wurden untersucht. 

In ailen hluskeln verlaufen die Fasern kontinuierlich von Ur- 
sprung zu Ansatz. Eine niotorische Endplatte liegt ungefahr in 
der Mitte von jeder Faser. Einige Fasern haben zwei benachbarte 
Endplatten. Es entsteht also eine Innervationszone quer iiber 
den Musltel, gleichweit yon Ursprung und Ansatz. Die Endplatten 
sind nlle ”plexiformer” Natur. 

Die Musltelspindeln betinden sich in den medialen Gebieten des 
hhsseters, ‘Temporalis uiid Pterygoideus int., in dem letzteren 
doch nur  in den proximalen zwei Dritteln. In Pterygoideus ext. 
wurden keine Muskelspindeln gefunden. 

Die Spindein der untersuchten Nuskeln hahen sowohl ”Bag” 
als ”Chain” Fasern. In einigen Spindeln befindet sich eine lange, 
intrafusale Faser, vahrscheinlich eine ”Hagfaser”, und in den1 
eiiien Endgehiet tler Spindel hefinden sich ein p a r  sehr kurze 
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