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INTRODUCTION . 

The. study of the neuro~rusc~lRr spindle has been extensive at 

both the physiological and anatonUcal levels, \vith most investigators 

using lower animal forms for the:!.,:t; work. Since this research involves 

strictly human material, the ._.i..;eview of the literature was restricted 

to human forms, except for the initia.l_pa.pers on the first observations 

of the spindle, and a few works on lower mammals. 

In 1862, Kolliker described, in the cutaneus pectoris of the frog, 

peculiar bundles of small muscle fibers to which, at an expanded portion 

of the bundle, relatively large medullated nerve fibers were att~ched. 

They Here designated nrmuscle-budsH (Huskelknospen), a:.1d were regarded 

as showir1g a longitudinal division of muscle fibers and a consequent 

division of the muscle nerve (from_Huber and DeWitt, 1896). In the 

same year, Beale (1862), in a paper on the distribution of nerve to 

elementary fibers of striped muscle, described the muscle-buds as 

muscle and nerve in the stage of development. Later, in ~865, Beale 

in a Croonian Lecture, described the development of muscle fibers from . ( 

the nucleus, rather than from the parent fiber. 

Kuhne (1863) described a similar structure in the muscle of whit-e 

rats. "Die Muskelspindeln'a were described as spindle-shaped fibers 

which were supplied. by two nerve fibers of a common trunk. The nerve 

fibers to the spindle were reported as being three to four times greater 
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in diameter than those to motor endings. Although Kuhne did not assign 

a specific function to the. spindle> he inferred that they were important 

in development and growth of both nerve and muscle. 

Kerschner (1888a) using gold chloride techniques noted i~ 

association with motor endings on muscle spindles, a highly complex 

ending of a large medullated fiber, which he traced to a spindle. In· 

a second paper (1888b), he described this large medullated fiber. The 

following is taken from his _account (from Huber and DeW.itt, 1896): 

11 '):'he sensory fiber, or several of them, divides soon after it enters 

the capsule, di- or tri-chotomously. The resulting branches, which may 

be far distant from the entrance of the nerve fibers, are 'vound around 

the muscle bundle or its individual muscle fibers; the windings above 

mentioned are especially numerous in man ... " 

Trinchese (1891) extensively reviewed the literature to date on 

muscle spindles. He also demonstrated differing morphology of muscle 

spindles during their development, describing the nerve as [t enters 

the nuclear region of the muscle fiber. Ruffini (1893) using the gold 

chloride method, compared human muscle spindles with those of the cat. 

He described the various endings seen in the cat and human, and concluded 

that the annulospinal ending in the cat is not found in man. 

The observations of Sherrington (189L~) and Hube.r and DeWitt (1896) 

agree with respect to general spindle structure. Sherrington ·described 

the spindle with its long axis embedded within the muscle fibers, where 

the distal end of the capsule comes in contact again with the perimysium. 

Sherrington also designated Hintrafusal fibersn as those found in a 



-connective tissue sheath which he termed the ~axial sheath''· He also 

termed the "periaxial sRacen as the lymph space between the axial 

sheath and the capsule. 
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Huber and DeWitt, using intra vit~ methylene blue in a number 

of species described the capsule of the spindle as being the same in 

all vertebrates examined, varying only in the thickness. Huber and 

DeWitt disagreed with Sherrington on the location of nuclei in the 

spindle. Sherrington described the nuclei as being located on the 

surface zone or sheet which encircles the hyaline center, whereas Huber 

and DeWitt locate the nuclei on a connective tissue sheath which sur

rounds each intrafusal fiber. The hyaline core of Sherrington is con-

. sidered by Huber and DeHitt to be the sarcoplasma. 

In describing the spindle of mammals, Huber and DeWitt confined 

their study to the intrinsic plantar muscle. They found that a spindle 

nerve may end on several intrafusal fibers, or other spindle nerves 

going to the same area of nerve-distribution, or to other areas in the 

compound spindle. These fibers may and often do, end on the same intra~· 

fusal fibers. Also, in rare cases, sympathetic nerve fibers were found 

in the capsule of the rnuscle~spindles. They concluded that these fib~rs 

were vasomotor f~bers of the spindle vessels. Huber and DeWitt also 

concluded beyond a doubt, that the spindle was a sensory end organ. 

Batten (1897) abstracted the literature to this point, and dis

cussed in his paper the spindle under· normal and pathological conditions 

in.the human. His discussion centered around the endings seen in spin

dles, and spindle frequency, size and distribution. In his description 



of the spindle inner~ation, Batten points 6ut that he had not seen a 

true mot6r end-plate within the spindl~ ~roper. His work was pri

marily pathological and not \vithin the scope of this paper. 

Forster (1902) in a study of human fetal muscle spindles from 

fetuses of the fourth: fifth and sixth months found no lymph··sac sur

rounding the spindle during the fourth month. Also, the perimysial 

L:. 

sac was noted to be very thin and difficult to detect. In the fifth 

month~ the lymph-sac was found to be well formed with a thicker sheath. 

Measurements of intrafusal and extrafusal fiber diameters were found to 

be, on the whole, equal) ranging between 5 and 10 microns. In the 

sixth month, the sheath was found to be slightly thicker than during 

the fifth month, and the longest spindle found was 1.6 mm, the shortest 

being 0.168 mm. 

Hewer (1934) also in a study of human fetuses, using a silver~ 

pyridine method and a number of connective tissue stains, found the 

differentiation of various voluntary muscles occurred at different 

stages of fetal development. In addition, there exists a relationship 

between the stages of the muscle differentiation and the development oi:: 

the nerve endings in the muscle .. She also found the sensory nerve end

ings almost comp.letely developed before the extrafusal motor endings 

began to differentiate. 

Daniel (1946), in a study of the extrinsic eye muscles of man, 

recorded a great number of spiral eQdings which remotely resembled the 

annulospiral endings seen by Kuhne. These spiral nerve. endings encirc:l 
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single fibers~ and Daniel suggested that these ·endings were proprio-

ceptive·in nature. Daniel also suggested, tentatively though, ''that 

the spiral endings surrounding muscle fibers described may be extrem~.ly 
~ 

simplified musele spindles which Sherrington (1897) had hoped to find, 

and that this discovery strengthens Sherringtonis (1918) view that 

spatial perception is rnusculolabyrinthine." 

Cuajuno (1940) studied of the embryological development-of the 

human· neuromuscular spindle during its· earliest stages of development 

beginning at the 11th week of gestation. The characteristic nerve 

endings were seen surrounding one or more myoblasts which had failed 

to differentiate structurally. The terminal nerve twigs began to form 

the characteristic sensory·and motor endings and the latter markedly 

differ morphologically from those of the sensory type. Fuiiher dif-

ferentiation \vas seen at 12 \vee.ks when segments of the myoblas·t sur-

rounded by the nerve endings develop numerous nuclei producing the 

spindle shaped enlargement at the equator .. 

During the 12th week, the first evidence of the capsule became 

visible, extending rapidly to enclose the poles. At 12 weeks, the 

sheath became more prominent and at 14 weeks the periaxial lymph-space 

appeared as a slit-like separation between the capsule and the axial 

bundle. Nerve fibers and their branches, arising immediately under the 

capsule were seen ttaversing this early-formed space during the 14th 

week. The nerve endings in this last stage showed a marked advance in 

intricacy and variety, for tenuous or ·Courser· nerve fibers may be seen 

intertwining among the intrafusal fibers, either free for a short or 
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longer distance with variously shaped masses along their course, or 

forming simple or rich anastomoses with variform ~nlargements at their 

intersections. 

At 15 weeks. the capsule was two cell layers thick but lamellation 

continues until 30 to 39 weeks when five or more layers are seen in 

the capsule. The periaxial space in the meantime, was increasing in 

diameter and extent. Myelination starts at 14 weeks on the large dia-

meter fibers and spreads to all other trunks and their branches by 15 

'"';reeks. Thickly myelinated fibers were seen by 24. weeks. Non-myelinated 

fibers whic.h appeared to be sympathetic because of their small diameter 

and their intimate relation with blood vessels were found to unite 

with a net"\i-;rork of fibers from myelinated fibers. Typical motor endings 

were found in the distal polar regions of the spindle. The maximal 

.fetal development of the spindle which probably represents the mature 

form appeared between the 24th and the 31st weeks of gestation. In 

later weeks the spindle increases in dimensions, but showed .no struc-

tural changes. 

Cooper and Daniel (1949) employing the Gros-Bielschowsky silver 

technique in addition to a van Gie~on's mixture, Masson 1B_trichrome 

and other stains in 60 specimens from subjects aged fro~ new-born to 

82 years. From this study, it becomes apparent that the spindle 6f 

·the extraocular muscles differed from those seen in somatic muscle. 

Cooper and Daniel found extraocular muscle spindles smaller and more 

delicate than their somatic counterparts, the capsule is thinner, con-

sisting of two or at the most three lamellae with flattened nuclei. 
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The sensory nerve endings in the eye muscle spindle are some-

what simpler to comparable endings in somatic muscle. ''A typical. 

spindle is always approached by a small nerve trunk which is usually 

incorporated into the\'c~psule.~.:E;.t some point. Nerve fibers from this 
-, , .. ,:"" •"' :• v'>;,._ 

small trunk enter tii~?."--:.spi~~~~~~)_·f~: ;~~£:·~'vra-rious places along its length. Some 
."'!·'..-·=-..::. ..... 

of these nerve fj_bers<'t'U1:·:··:>)pita·tiy between the laminae of the capsular 
·:: • '• • :i';":. ~-· ~ ... p ,/' .,.. •••• - •• 

wa 11. Of ten a myelinated nerve fiber ins ide the capsule is seen to 
"':.· ....... ·~ .. , ~~... 1 - .". . . .. - -· 

encircle the whole. ~(r(:•;:t::J·:~_'f .. int~:r.:ifusal mu~cle fibers. Both myelinated 
.. : :. ·,,> ':-.;. ::~~'\;~ :: ·:"-~)· .~---··., 

and non-myelinated nerve fibers have been seen encircling individual 

intrafusal muscle fibers. Other nerve fibers, after passing through 

the capsular wall, ramify amongst the intrafusal muscle fibers making 

a pattern which is far from clear. '1 

Merrillees et al. (1950) also in a study of human extraocular 

muscle spindles confirmed the work of Cooper and Daniel on t::he inferior 

rectus muscle of the eye. Their Hork, however> supplies little additional 

insight into the innervation pattern of the spindle. 

Cooper (1953) in a study of the human tongue found the distribu-

tion of spindles to be quite interesting. She found spindles scarce 

in the tip of the tongue, but there are numerous spindles in the region 

proximal to the tip. The greatest number of spindles were found in the 

-superior longitudinal and transverse muscles of the tongue. 

Coers and Durand (1956), using the Koelle technique for cholin-

esterase and intra vitam staining with methylene blue, found annulo-

spiral endings in man resembled those described for the cat and rat, 

whereas the flower-spray endings in man did not resemble those of the 

lower forms. Cholinesterase deposits were not found in the equatorial 



region of the spindle which corresponds to the region of annulospiral 

innervation. In infants, this region was found to be 400-500 microns 

in length. 

8 

Cooper and Daniel (1956) in a study of human fetal material con

fined their study to the srna 11 hand muscles .and the muscles of the 

neck. They found the annulospiral endings did not impregnate well with 

silver techniques, but that the area of the primary endings were rich 

in nuclei. Motor endings were found at both poles, some of. these 

polar regions being supplied by very fine fibers within the spindle. 

In the juxta-equatorial region of some spindles, nerve fibers were 

seen wrapping around a single intrafusal fiber, taking up to 10 turns. 

These spirals did not appear to be of the same morphological nature as 

the annulospiral ending. 

Goers and Woolf (1959) in their classical study. of the innerva-

tion of muscle employed the Koelle Technique for cholinesterase and 

intra vitam methylene blue to 450 human biopsy specimens. Although 

their study is mostly concerned with changes of the neuromuscular junc

tion in connection with nerve and muscle pathogenesis, a portion deals 

with the normal histology of the neuromuscular junction _and muscle 

spindle. They conc.luded that the spindle. has a multiple mo_tor innerva

tion and a single sensory tnnervation patterned'around the annulospiral 

ending. The number of spindles studied was not reported. 

Goers ( 1959, 1962) using the same techniques -as described above 

on the rat, cat and human tissue found cholinesterase a~tivity extending 

. over the whole length of the intrafusal fiber with. the exceptio·n of the 
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equatorial region. Medium-sized nerve fib~rs in addition to the small 

diameter fibers were found to end bn cholinesterase foci. The distri-

bution of these deposits in juxta·~equatorial regions seem to indicate 

that an important part of·t~e-mot?r endings were confined to regions 
' n~ • .>- •• 

normally relegated to th~;;:-~·::i(:':.i:.~;=-;:'li·y 1 flower spray! ending. 

Cooper and Daniel/(J:i.;;,.3,t: 'in a study of the muse le spindles in 

the lumbricals and the deep muscles of the neck of humans found spindles 

from these regions resem~~~iA~l~;:~J~~)Se of other mammalian spindles. They 

described the two fiber types making up the spindle, i.e. the nuclear 

chain fiber and the nuclear bag fiber. The nuclear bag fiber is larger 

.in diameter and one to four fibers constitute their contribution to the 

spindle, whereas, the finer diameter nuclear chain fibers contribute 

up to 10 fibers to a spindle. 

Each spindle was found to be innervated by a single large dia-

meter nerve fiber to the primary ending and a number (up to 4) of 

secondary endings showing a spray configuration. Usually each secondary 

ending had its ow~ nerve supply, however some shared a nerve fiber. 

Small motor end-plates were seen on nuclear bag fibers at the poles 

and at the extracapsular portion of one pole. These motor end-plates 

were supplied either singly or in multiples, often a fiber divided to 

innervate a number of end plates. 

Sas and Appeltauer (1963) studied approximately 80 extraocular 

eye muscles from subjects ranging in age from 18-78 years. In this 

study, Daniel's (1946) finding of spiral nerve endings in the extra-

:ocular muscles was confirmed. The investigators also described simple 

spindles, as previously set forth by Ruffini (1898) and a number of 
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neuromuscular formations of increasing complexity. 

A basic spindle innervation morpl1ology was found, consisting of 

a fusiform capsule of approximately 100~, with two nerve fibers of 

''] 
different diameters, which upon reaching the muscle fiber, first en-

. circle it with two to three regular turns and then in a loose and more 

irregular manner. The final endings .are little boutons applied to the 

muscle fiber. 

A·number of variations of the above pattern were noted. A. triple 

union of the above morphology, ·all serially united by one myelinated 

fiber and consisting. of decreasing capsular enlargements was most a

typical. The innervation of each capsule is consistent with that of 

the basic pattern. Another type of ending consisted of a double spiral 

which originated from a single nerve fiber of 3.7J.l. diameter. When the 

nerve fiber reached the muscle fiber it bifurcates, flattens and en-

velopes the muscle fiber with four or five tight~ regular and complete 

spiral turns. The nerve fiber terminates in several separate expansiorrs 

which end in .club or boutons. Two other variations are noted in which 

the ~ncapsulated muscle spindle extends for distances of BOOu and lOOOu .. 

Hinckler (1966) in analyzing the proprioceptive innervation of 

the intercostal muscles of man found the.afferent fibers were not neces

sarily in direct relation with the intrafusal fiber. He was unable to 

find annulo-spiral endings from Group IA fibers, however, annulo-spiral 

endings were observed as endings of Group II fi~ers. The Group II 

annulo-spiral termination is small with respect to those described by 

Ruffini, originating ·from Group IA fibers. It is also rare, being 

_found in only four cases in 50 samples. Winckler thus differentiated 
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a Group IA fiber terminating .in an annulo-spiral as described by Ruffini 

for animals, and a Group IA', having the same diameter as the above 

fiber, but terminates as large rings or loops. 

Later, Winckler (1967) studied the palmar cutaneous muscle of 

the hypothenar eminence. He found both spindles and Golgi tendon 

organs in this muscle, which has no antagonists. The innervation of 

the spindles was consistent with the above description. 

Mavrinskaya (1967) ~tudied 10 muscle groups from 120 human 

embryos ranging in age from 6 to 39 weeks gestation. The earliest 

primordium of the neuromusc~lar spindle was found to be a 'spindle 

complex of nerve fibers' comprising nerve fibers of three diameters. 

Single spindle complexes were found at 6.5 weeks in the muscles of 

.the shoulder girdle and more regularly in embryos ·of 7 and 8 weeks. 

Spindles were observed, in the beginning of their differentiation in 

the rec. tus a.bdominis of the 9 v.Jeek embryo, as a nuclear pouch. Cua-

junco (1940) found this earliest differentiation nruch later (11 weeks). 

Afferent equatorial. endings of large and medium diameter fibers were 

seen as clus.ters, vJith no annulo··spiral endings present. Peri-equa

torial and polar regions contained numerous efferent endings showing 

cluster-like or large and small plate-like endings containing cholin

esterase. 

Winckler (1969) in a study of the masseter muscle of man found 

Group IA fibers innervating primary endings were not of the annulo

spiral configuration. These fibers displayed tortu6us wide curls or 

loops, dividing several times. ·The secondary endings arose from small 

diameter fibers which exhibit an extremely tortuous ending, sometimes 
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showing an annulo-spiral configuration. These endings differed distinctly 

from those seen in the cat, however, the gamma motor endings were not 

as distinct as those seen in the cat. 

Kennedy· (1970) in a biopsy study of human muscle spindles found 

no evidence of the annulo-spiral configuration arising from Group I 

fibers. Primary sensory fibers were seen to accompany Group II and 

gamma fibers to the equatorial region where they usually penetrate tb.e 

capsu-le. Each spindle received one primary sensory nerve fiber \·lhich 

subdi~ides to supply each intrafus~l fiber with a primary ending. The 

ending consisted ·of broad multistranded preterminal axons, each branch-

ing as one or more interconnected c-shaped clasps which partially en-

circle the muscle fiber before ending in a net-like enlargement . 

. Secondary endings were usually two in number, being located juxta-

equatorially. When only one secondary fiber was present~ it often bi-

furcated to supply the two secondary regions. T:he general architecture 

of the secondary endings was very similar to that of the primary ending. 

The fine delicate nature of the secondary preterminal and terminal fi-

brils, with their filiform cross branches contrast markedly with the 

broader primary endings. Occasionally, a secondary endipg made a few 

spirals around a nuclear chain fiber febore forming the more com.'Uon.ly 

observed sensory ending. 

Motor.innervation was found to be varied and complex, consisting 

of multi-branched gamma fibers terminating from the juxta-equatorial 

region to the polar regions. The terminal portions of the axons are 

unmyelinated and extremely fine. Kennedy also described very fine 
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fibers of·less than 0.5u entering each s~indle, hinting that they may 

be of sympathetic origin. 

Swash and Fox (1927b) studied teased and sectioned spindles from 
. . ~ 

human autopsy material.. Most of the spindles studied were from the 

small muscles of the hand, however other proximal and forearm distal 

muse les were also used. The primary sens·ory endings were found in 

the equatorial region of the spindle, however this region did not always 

correspond with the region of greatest capsular enlargement. The pri-

mary ending usually consisted of a loosely wrapped single or double spiral 

of unmyelinated nerye terminals which slightly indented the-surface of 

the fiber in the nuclear bag region. Some primary endings appeared to 

consist of c-shaped loops rather than spiral and in those endings short, 

fine unmyelinated branches terminate in plate-like swellings. Nuclear 

chain fibers did not receive a well developed sensory ending, although 

a branch of the Group IA fiber may wind a few times around a chain fiber 

before passing on to supply the bag fibers. 

The secondary sensory endings were situated in the juxta-equa-

torial region and were predominantly distributed ~o nuclear chain fi-

bers. When present on nuclear bag fibers, they appeared to be con-

tinuous with the terminal ramifications of the primary sensory ending. 

Secondary endings were usually found only on one side of the equatorial 

zone, though rarely they were found located a distance from the juxta-

equatorial regibn. The secondary ending usually consisted 6f a cluster 

of thinly myelinated fibers, from which many fine lateral branches 

were given off. The ending was us.ually a spray conformation, arising 

from the Group II afferent fiber. The terminal arborizations were flat, 
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usually situated in close relation to P1 or Pz ending were also found. 

Swash and Fox (l972c) studied the effect of age on human muscle 

spindles from autopsy material of subjects ranging in age from newborn 

to 81 years. They found a gradual increase in capsule thickness with 

increasing age in all muscles studied, most striking, though, in the 

spindles of the small muscles of the hand and the quadriceps. Grouped 

denervation atrophy was prominent in some of the older muscles· and 

dissiminated. neurogenic atrophy was present in nearly all musc.les 

studied. The thickened spindle c.apsule contains an increased amount 

of collagen and an increased number of £ibrous lamellae which were often 

lo~sely arrange6 on the inner aspect of the capsule. With increasing 

age, there was also found a slight but consistent decrease in the num-

. ber of intia-fusal muscle fibers in the spindles. 

In spindles of subjects older than 60 years, changes were fre-

quently seen in the fine structure of the innervation, consisting of 

discrete, bulb-like expansions of thinly myelinated preterminal motor 

axons. These spherical axonal swellings approximately douhle the dia

meter of an affected fiber for 3-lOu of its course. Terminal motor 

axons branched more frequently and the size of end plates varied mark

edly. There was no change in the general pattern of trial, P1 or P
2 

·ending with increasing age. 

This review of the·major significant publications on human muscle 

spind~es has brought to light some of the inherent problems facing the 

investigator of neuromuscular spindles with respect to nomenclature, 

technique, and mode of securing material. Many of the investigators 

used biopsy material, inherently limiting the amount of tissue they 
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could secure and the particular muscles sampled, the thigh or shoulder 

muscles being the most frequently biopsie:.:d. Those using. autopsy mater

ial were hampered by the possibility of pathological changes. There 

\\' 
have also been a number of techniques employed to study the spindle, 

and a number of descriptive terms, all infl~encing the interpretation 

of results. Many investigators have failed to properly document plates 

and specimens, having thus added to the variability and confusion. In 

addition, there was no information repo~ted regarding a comparative 

study of innervation patterns to spindles from proximal vs distal mus

cles or from flexor \rs extensor muscles. The number of spindles studied 

in many investigations has not been reported. The extensive studies re

ported by Swash and Fox iri 1972 were not available at th~ time this in

vestigation was initiated. 

The purpose of this research is to study the innervation of human 

fetal nmscle spindles from a broad spectrum of limb and axial muscles; 

to determine if any pattern or difference exists between various mus· 

cles of the upper extremity. An important aspect of thi~ research will 

be the search for annulo-spiral endings, since much controversy exists 

with respect to their existence in human muscle spindles. 
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MATERIALS AND HETHODS 

Human fetal muscle samples were obtained at the time of autopsy 

through the courtesy of the Department of Pathology, Medical College 

of Georgia. Samples were taken from fetuses in which death was not 

attributable to neurologic or neuromuscular disorders (a brief clini

cal summary will follow). In all cases the samples represented nearly 

all anatomical muscle groups. 

At autopsy, muscles were removed in toto and placed in a formalin

ammonia sucrose fixative (Pearson, 1963) for at least 36 hours at 6°C .. 

Muscles were obtained between six and 36 hours after death. Each mus

cle was sectioned at lOOu on a freezing microtome and then incubated 

in the acetylcholinesterase substrate of Koelle and Frieden\,?ald (1949) 

as modified by Couteaux (1951) and outlined by Coers.and Woolf (1959). 

A· silver stain described by Namba (1967), was employed to dem

onstrate both motor and sensory axons. Following incubation, sections 

were placed in a 0.25% potassium ferricyanide solution in place of 

ammonium sulfide for 5 to 7 minutes, rinsed in water and bleacl1ed· for 

10 to 30 seconds in a 1% ammonium hydroxide solution. Sections were 

then placed in distilled water on a hotplate (49°C) for two days or 

more to help remove excess protein. 

Sections were incubated for on~ hour at 49°C in absolute ethanol 

and then rinsed in water. They \vere then incubated for 3 hours in the 

dark at 49°C in 100 ml of a 10% silver nitrate solution containing 4·ml 

17 
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of 0.1 M copper sulfate solution and 0.5 ml of 0.2% potassium carbonate 

_ solution diluted to 5 ml. 

~-~ Sections were rinsed in water for 5-10 minutes and .then reduced 

fo~~0~£onds to one minute in multiple baths of a 100 ml 5% sodium ,. 

sulfite solution which contains one gram of hydroquinone (Eastman 

Kodak Company, Rochester, N.Y.) and 0.5 gram of p-arnino-phenol hydro-

chloride (Eastman Kodak Company, Rochester, N.Y.) at 49°C. 0-phenylene 

d i.amine (Eastman Kodak Company, Rochester,· N.Y.) was substituted for the 

latter in the same concentration with good results, however, incubation 

time was increased. Sections were rinsed in water for 3-7 minutes and 

then passed through a 2.5% sodium thiosulfate solution. This solution 

contained 1% ammonium hydroxide if strong bleaching was needed, other-

wise the former solution was used. Sections were rinsed in water, de-

hydrated in gr~ded ethanol, cleared in xylene and mounted in Permount 

(Fisher Chemical Company, Fairlawn, N.J.). Slides were photographed 

~ith a Zeiss Standard Universal Microscope with Nikon camera and meter 

attachments or with a Zeiss Ultraphot. 
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Fetus 
Number 

1 

2 

3 

4 

19 

TABLE I 

CLINIC'\~J~-·- SLll"J}fARY OF FETUSES 

A 620 gm. _male, estimated gestational age 26 weeks; 
died .,;Lf: >c~·P:Cdi,..,'JP~.tlmonary arrest 106 minutes after 

~ . ~- - ·:.- ·, .. .... . . 
par tur it.:t:r~~n·.·-

A 946 gm. female, estimated gestati6nal age 26-27 
weeks; died of prematurity, apnea and metabolic 
acidosis 14 days after parturition. 

A 1760 gm. male, estimated gestational age 32-34 
weeks; died 5 days after parturition due to 
hyaline membrane disease. 

A 3400 gm. male, 41 weeks gestational age· (post
term, appropriate for gestational age). Death 
occurred 4 days after parturition of hypoxia and 
acidosis with the following complications: dis~ 
seminated intravascular coagulation, pulmonary 
congestion, and acute renal failure . 



RESULTS 

This investigation of over 20 different muscles which were 

primarily confined to the upper extremity, resulted in a study of 

over 600 muscle spindles of which400 were classified and summarized 

in Tables 2, 3, and 4. Sinte no one classification system seemed to 

completely encompass the diversity of nerve endings seen, a number of 

different syste.ms were integrated into one system. Nerve endings were 

primarily characterized by the patterns described by Barker (1967) and 

Barker ~ al. (1970). In addition, specific aspects of the classifi

cations used by Goers (1962), Winckler (1966, 1968) and Kennedy (1970) 

were also employed. Endings were grossly cla~sed as motor or sensory 

on relative fiber ·diameter and area of innervation, however, when 

ch~linesterase deposits were found, these were used to reaffirm pre

vious notations and validity. 

Sensory Endings 

A. The Primary Sensory Ending 

The primary sensory ending exhibits a number of terminal inner~ 

vation patterns in the. human fetus. They all arise from myelinated 

fibers of large diameters and terminate as either spirals, c-shaped 

clasps, or sprays. The spiral ending enters the capsule as a myelinated 

fiber, but loses this sheath immediately preceeding its coiling. The 

20 
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TABLE II 

SENSORY ENDINGS 

Primary Spiral No. of 
Fetus Muscle Simple Complex Secondary Polar Spindles 

... ---~------· 

1 Pectoralis 
Major 14 8 26 10 22 

4 Deltoid 1 1 1 2 

1 Biceps 
·Brachii 49 41 91 34 90 

·2 Biceps 
Br~chii . 15 11 21 20 26 

1 Triceps 
Brachii L~O 28 68 20 68 

Total 119 89 207 .84 208 
% 57.2 42.7 

1 Flexor 
Carpi 3 1 /, 1 4 '"T 

Ulnar is 

3 Flexor 
Carpi 4 4 1.1 4 8 
Ulnar is 

4 Flexor 
Carpi 2 1 2 
Radialis 

4 Flexor 
Digitorum 12 15 3.6 2 27 
Profundus 

_,__._ 
Total 21 20 52 7 41 

% 51.2 48.7 
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TABLE II (Cont.) 

Primary Spiral No. of 

Fetus Muscle Simple Complex Secondary Polar Spindles: 

4 Extensor 
Carpi 7 8 27 2 15 
Ulnar is 

2 Extensor 
Carpi Radia- lr. 4. 7 3 8 
li.s Longus 

3 Extensor 
Digitorum 12 2 9 1 14 
Communis 

4' Extensor 
Pollicus 8 3 4 11 
Longus 

Total 31 17 !J..7 6 48 
% 64.5 35.4 

3 Abductor 
Pol lie us 5 3 7 1 8 

3 Pronator 
Quadratus 2 2 2 

3 Lurnbricals 2 6 11 2 8 

3 Opponens 
·pollicus 8 4 9 7 12 

3 Thenar 
Eminence 1 7 10 6 8 

Total 16 22 39 16 38 
% 44.1 57.8 

\ 



Fetus Muscle 

1 Gracilis 

1 Tibialis 
Anterior 

·1 Medial Gas-
trocnemius 

1 Semimem~ 

branosus 

Total 
% 

1 Rectus 

4 

Abdominis 

Splenius 
Capitus 

TABLE II (Cont.) 

Primary 

Simple Complex Secondary 

5 12 10 

5 2 7 

2 2 4 

2 5 6 

14" 21 27 
38.4 6L5 

1 3 5 

14 11 33 

23 

Spiral No. of 

Polar Spindles::· 

.3 17 

3 7 

4 4 

3 7 

·----------
13 35 

4 

14 25 



TABLE III 

SUMMARY OF SENSORY ENDINGS TO ANATOMICAL 

POSITION IN THE UPPER EXTREMITY 

Simple Spray Endings 

Complex Spray Endings 

Total Number of 
Endings 

Proximal 

57.2% 

42.7% 

n = 208 

1 Forearm 

58.4% 

41. 5/~ 

n = 84 

Intrinsic Hand 

44.1% 

57.8% 

n = 38 

1Includes. extensors and fle~ors of the wrist and digits. 

Fetus 

1 

2 

3 

4 

Age in 
Weeks 

26 

20-27 

41 

TABLE IV 

SUl~ARY OF TOTAL SENSORY ENDINGS 

IN RELATION TO FETAL AGE 

Simple Spray 
Ending 

54.7% 

55.8% 

53.6% 

53.6% 

Complex S_pr ay 
Ending 

45.2% 

44.1% 

46.6% 

46.6% 

24 
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fiber· co:i.ls about in.di'Jidual .intrafns.al f:i.bers and terminates as a 

sm.all spray of unmyelinated fibers. Tvhich :ces t upon the innervated intra-

fusal fiber. Only .a single pr:lmary ending exhibiting the spiral con-

figuration was seen. 

The cnshaped· clasp (Ke11nedy ~ 1970) arises from a large diameter 
:··i': 

myelinated.fiber.which branches ~requently after entering the spindle 

capsule. The cl.asps ori.g.{nate .from the preterminal axon and partially 

encircJ.e individnal ,)r several intrafusal fibers. Clasps ten11inate as 

plate-like expansions with limited terminal arborization. The fre-

quency of c-clasp endi~gs is-limited but they are by no means rare 

(Figure 1). 

The spray type ending can be divided into a simple spray and eom-

plex spray pattern. The simple spJ.:-ay pattern a.rises from a lm.:-ge dia-

meter fiber which frequently bifurcates upon entering the capsule. The 

two branches usually course in a polar direction dividing infrequently 

and ending as a fine diameter fiber which terminates in a plate-li.ke 

expansion. The extent of the terminal arborization is minimal and thus 

the ending exhibits a simple form. The complex spray ending is similar 

to the above except that the fiber usually bi- or trifurcates before 

the preterminal axon is encountered. This preterminal portion under-

goes an extensive dividing during its polar course with, at times, many 

parallel branches :that extensively branch as fine diameter terminal 

arborizations. The terminal arborizations usually end in plate like 

.expansions (Figures 2) 3 
' l~ ' and 5). 

B. Secondary Sensory Endi.ngs 

The ser.:::ondary sensory ending arises from a medium diameter mye-

linated fiber, that usually bifurcates before entering the spindle 
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capsule at the equator or juxta-equatorially. The endings are located 

in a juxta-equat.orial position, frequently interdigitating with the 

more polar gamma trail endings, however.> they never intermingle. These 

secondary sensory endings rarely overlapped with primary sensory end-

ings (Figure 5). Secondary sensory endings were frequently confined 

to one side of the primary sensory region, however, when both sides 

were innervated> one side is a lv1ays found to predominate. 

The secondary ending terminates as a diffuse multiterminal 

' 8sprayu arborization \.Yhich is composed of a number of fine diameter 

branches which project laterally from the preterminal axon. Infrequently, 

the secondary ending gives off a series of clasp-like branches. In some 

spindles, there seemed to be no secondary sensory innervation. (Figures 

5, 6, and 7). 

C. Motor Innervation 

1. · Gamma Tr a i 1 Endings 

The gamma trail ending lies in a juxta-equatorial position, 

just polar to the secondary sensory ending. They extend from this 

pbsition to the mid polar region and at times, impinge upon the polar 

plate endings. The gamma trail is supplied by a small diameter fiber 

that frequently accompanies the sensory endings through the spindle 

c.apsule. 

The trail terminates in a number of configurations, the most fre-

quent being a multiterminal arborization of short branches or knobs wit.h 

many subneural cholinesterase foci being located along its elongate 

path. Fine fibers are seen branching from the parent gamma fibers in 

which knobs or beads are frequently encountered before terminating in 



a discrete multibranched-end-plate' or knob. A less highly branched 

fiber is occasionally seen in which the branches parallel each cither 

and terminate by tapering into a discrete simple end-plate. 

2. The P2 Plate Ending 

27 

The P2 ending (Barker .et ~·, 1970) occupies a mid polar 

position on either side of the equatorial.region and lies in close 

apposition to the gamma trail ending. The inter-relationship of these 

two endings becomes, at times, most intimate. The P2 plate ending is 

smaller than end-plates seen on extrafusal fibers. The plate-endings 

arise from fine diameter gamma fibers from which fine short branches 

originate forming either loops or sprays. The endings appear as small 

discrete plates or at times tapers. A number of P2 plates can arise 

from the same fiber. 

Most frequently, the P2 ending was also seen innervating the polar 

region of the spindle. In this case, the innervation pattern resembled 

that of the mid polar region except that the number of branches from 

the parent fiber \vas diminished considerably, thus there ,,Jere rarely 

more than three end plates. In a number of cases, the terminal end-

~late was a taper (Figure 8). 

3. The P
1 

Plate Ending 

Barker et al. (1970) differentiate th.e P1 plate ending from 

the P2 plate by its polar location and the size of the end-plates. The 

·P1 plate ending is larger than that of the Pz plate, being indistin

guishable from those end plates found on extrafusal muscle fibers. 

The majority of P1 fibers enter at the polar or mid-polar region and 

course without branching until reaching their final destination, 



28 

terminating as single end plates (Figure 9). · The number of axon ter-

minals innervating polar plates varied from one to four, with one being 

most commonly found. Endings not innervated by f3 fibers exhibited the 
~-

same terminal morphology as~-t;hose innervated by gamma fiber. Only a 
~ _, - r ' • .. 

. ·- ~. ,.. ~ ~.: ·-·· 

single spindle was inuqr\r: ... l~.!:::cJ: f-rom a medium diameter fiber branch of 

a large diameter motot'> f,:!~t·-'.(. : T.he medium_ diameter branch entered the 
.1> - .... .. .. ~.;. ..... ~ --

spindle in the polar region_ and was found to innervate an end plate 

comparable. in size to -~~1:::~-t.·, <:!f:·-·'1-~~~;: extrafusal end plate. The large d:La-
~ :., ;-.-. 

meter fiber could not be tiaced to its termination. 

D. Other Fine Diameter Fibers 

1. Spiral-Polar Fibers 

Spiral polar fi~~~:s: __ were first described by Coers (1962). 

They are fine diameter fibers··running from one pole to the opposite 

pole, making wide spiraling loops about the intrafusal fibers, and often 

having fulbous expansions interspersed along their course. Thbugh not 

closely applied to the intrafusal fibers, they do maintain an intra-

capsular position. Their function is presently unknown (Figure 2). 

2. Autonomic Inaervation 

An occasional possible autonomic fiber was seen branching 

from the vascular network within the muscle and anastomosing within 

the complex moto~sensory fiber arrangement of the spindle. Other fine 

diameter fibers were seen running within the muscle fasciculi and within 

tendons. 

In analyzing the differences in innervation patterns between . 

th~ proximal and distal musculature in the upper extremity of the human 

fetus, little or no difference was noted in the motor aspect of the 
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innervation pattern. There ~ere no endings found to the exclusion of 

any other, nor was one ending predominate. Gamma trail endings were 

most co~nonly found frequently occurring on both sides of the sensory 

region. There was an isolated finding of the P
1 

ending originating 

from the~ fibe~ in the flexor digitorum profundus, otherwise the 

motor innervation of the human fetus is s~milar to that described by 

Swash and Fox (1972b) for the adult. 

Primary sensory innervation varies some'\vhat when compared to 

published reports of adult innervation morphology. Spiral type con

figurations were seen on one occasion and the c-shaped clasp endings 

\'Jere found frequ·ent ly and in a variety of muse les. The predominating. 

primary innervation morphology, which may be unique to the fetus, is of 

the spray type. Both simple and complex spray endings were found in 

representative muscles and fetuses. The differentiation of each ending 

is based on the number and complexity of secondary and tertiary branch-

. ings of the parent axon. This distinguishing characteiistic is not 

absolute and thus there seems to be a continuum from very simple to 

highly complex. When the data of Table 2 concerning- simple and complex 

spray e?dings in relation to anatomical position were subjected to chi 

square analysis, no significant difference was noted (Appendix II). 

Therefore the values of Table 2 could be subjec~ to change if a ~eans 

was found to reliably classify those endings of intermediate morphological 

complexity as either simple or complex. 

Secondary innervation morphology was consistent with previously 

published reports. The values of Table 2 concerning this pattern are 

absolute (i.e. they represent individual endings where multiplicity 
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existed), and are not indicative of the presence or absence of an end

ing per spindle. These values a~e thus not readily subject to statis

tical analysis. 



DISCUSSION 

Recently, Swash and Fox (1972a) described their modifications_ 

of the Barker and Ip (1963) silver block impregnation method. With 

the original method, as with their mod~fication, connective tissue 

stairting, especially that of the spindle capsule, seems to present a 

problem. With the above technique, connective tiss~e staining rarely 

presents a_ problem, however, when present, a 1% ammonium hydroxide 

solution will usually clear the sections. Excellent results are ob

tained in staining the largest diameter fibers to the smallest fibers, 

presumed to be sympathetic. 

Previous to the studies of Swash and Fox (1972b, 1972c) there 

were a limited number of investigations confined to spindles innerva

tion in the human and hence the reason for this investigation. Coers 

and l\foolf (1959) and Goers (1962) described the sensory and motor inner

vation based on methylene blue techniques. They described the annulo~~ 

spiral ending and were the first to point out the spiral- polar fiber. 

Concurrent studies with cholinesterase defined the area of secondary 

sensory distribution as one which also contained cholinesterase foci~ 

thus fibers terminating in this region were considered to be of a mota

sensory nature. It must be noted that these studies were confined to 

biopsy material and are of a limited anatomical distribution. 

Kennedy (1970) e~ploying silver impregnation techniques failed to 

find primary sensory endings exhibiting the annulo-spiral configuration, 

31 
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hm.vever, he does d-escribe an. ending not previously reported~ the c

shaped clasp. His sampling was restricted to the chest wall muscles, 

and may be somewhat biased. Recent investigations by Swash and Fox 

(1972b) and the present investigation have found these endings in a 

number of muscles. 

Swash and Fox (1972b) observed both annulo-spiral and c-shaped 

clasp endings in their study. This is also the first study in \vhich 

muscles are sampled from both the appendage and the trunk. In addition, 

their study also involved human fetuses, yet they failed to mention any 

differences in innervation pattern's with respect to the findings of annulo·" 

spiral endings. Nor did they provide any numbers with statistical 

analyses. In the present study the majority of sensory terminals were 

si~ple or complex spray endings, and the annulo-spiral endings were rare. 

Sensory End ing_s 

The e.xis tence of annulo-spiral endings in man has been a point .of 

controversy since 1897 when Batten found nerve endings having a spiral 

configuration during his study of normal and pathological spindles. Just 

four years earlier, Ruffini (1893) discounted the existence of annulo

spiral endings in man_, after studying human and cat tissue. The con

troversy continued as Goers and Durand ( 1956) , Goers a.nd Woo 1£ ( 1959)·, 

Goers (1962), Cooper and Daniel (1963), and Swash and Fox (1972b) all 

found annulo-spiral or spiral-like endings in their studies of human 

mlJscle. Opposing this view are Mavrinskaya (1967) and Kennedy (1970). 

In the present study, a single spiral-like ending was found out 

of 600 spindles. The ending exhibits the described characteristic of 

primary sensory endings, i.e., the ending arises from a large diameter 



33 

fiber, makes a number of spirals about an individual intrafusal fiber 

and ends in a small discrete spray. 

A variet-y of other primary sensory endings were found. The most 
I;' 

common endings are those of the simple or complex spray morphology . 

. Winckler (1967) has shown a similar simple spray ending in his prepara-

tioni, though the ones reported here are at times less highly branched 

then he describes. In contrast> highly complex endings also exhibiting 

a. spray pattern were found. ~o differences in their distribution with 

regard to limb position were noted. These complex spray patterns exhib-

it highly branched preterminal axons with multiple terminal arboriza-

tions. 

·Kennedy (1970) reported c-shaped clasps as the terminal arbori-

zation or primary sensory fibers in human muscle obtained during thoracic 

surgery. Swash and Fox (1972b) mention the diversity of terminal pat-

terns of primary s_ensory fibers, including c-shaped clasps. Although 

Kennedy found these endings exclusively, Swash and Fox and the present 

study have found them only occasionally. The only variation noted be-

tween the. two previous investigations is in the muscle groups sampled. 

In the adult, there seems to be a broad similarity in motor and sensory 

innervation of human and cat (Barker, 1967; Barker et al., 1970;·Swash 

and Fox, 1972b), the human fetus differs with respect to primary inner-. 

vation patterns, in that the annulo-spiral ending is not the predominant 

primary sensory ending. Complex· and simple spray endings are the commonly 

found primary sensory innervation. 

Secondary sensory endings were predominantly found in the juxta-

equatorial position, adjacent to the primary sensory region. This region 
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corresponds to Boyd's s 1 (Boyd, 1967). The number of sensory fibers 

varied from none to three, and most displayed the flower spray (Ruffini, 

1898; Boyd, 1962). Winckler (1969) observed secondary endihgs of a 

spiral configuration in human masseter muscle, while Kennedy (1970) 

found the secondary sensory ending to be exclusively of the flower 

spray type. Swash and Fox (1972b), however, found both sprays and 

spirals. The functional difference between these two endings, if any, 

has yet to be elucidated. 

The differences which exist between the present study and those 

studies df K~nnedy (1970) and Swash and Fox (1972b), may be related to 

the age of the material sampled. Swash and Fox (1972c) studied the 

effects of age on human mus~le spindles in subjects ranging from .new

born to 81 years. They found the mean capsular thickness increased 

linearly with age and that there was a slight d~crease in the number of 

intrafusal fibers per spindle in the oldest samples. Also in the oldest 

muscles, there were changes in the fine structure of innervation con

sisting of spherical axonal swelling and expanded, abno.rrnal motor end

plates. 

The review of the literature has revealed a definitive need for 

a unified nomehclature for sensory patterns. rhis investigation has 

taken a step in this direction by devising a classification system de

rived from previously adopted nomenclatures and successfully applying 

it to the study of human fetal muscle spindles. 

The publication by Swash and Fox (1972b) late in the course of 

this investigation was the first to systematically study spindle 
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innervation patterns in relation to anatomical location. These authors 

conclude that there is no difference in innervation patterns in spindles 

from different anaiomical locations. The present study has increased 

the regions and muscles sampled and concurs with this conclusion. 

Motor Innervation 

Cholinesterase stainirig by Goers (1962). on human, cat and rat 

muscle spibdles has delineated the regions of motor and sensory inner

vation based on the presence or absence of dep6sits. His finding of 

juxta-equatorial and polar cholinesterase foci is the basis upon which 

later investigators have correlated their findings of small diameter 

fiber innervation to these regtons ·as being motor. 

The gamma trail fibers occupy a juxta-equatorial position, their 

ramifications at time intimately approximating the secondary sensory 

fiber region. The ramifications sprawl over an area of the intrafusal 

bundle up to about twenty times the length of the typical end-plate 

(Barker, 1966). In most spindles studied,· trail endings were found on 

both sides of the sensory regions, however, they may be found in only 

one or not be found at all (Barker, 1966). Barker ~al. (1970) describe 

fibers which give rise to the trail endings; these may or may not contain 

myelin. In addition, the nonmyelinated trail fibers may acquire. ir

regular and intermittent lengths of myelin as they enter. the spindle and 

course over the poles, similarly, myelinated trail fibers may have short 

lengths devoid of myelin. Trail ramifications exhibit a number of forms 

ranging from simple tapers to complex configurations of sprays and knobs. 
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Those nearest the sensory region are usually simplest while those im-

pinging upon polar innervation are more complex. 

Ovalle (1972) found with silver impregnations similar configura-

tions of trail endings in the rat. At an ultrastructural level, the 

sarcoplasm beneath the trail ending was almost completely occupied with 

contractile elements. The finding of trail endings on both bag and 

chain fibers (Barker et ~·, 1971) and --the presence of contre..ctile 

elements beneath the trail ending (Ovalle, 1972) lend support·to the 

physiological evidence (summarized by Matthe-'ivs, 1971) that the trail 

ending- exerts a powerful biasing effect on the primary sensory ending. 

In addition, the static fusimot6r fiber decreases the normally high dy-

namic responsiveness of the primary ending, yet it contradicts that 

physiological evidence which proposes that trail endings are unique to 

chain fibers·. 

Plate endings can be divided into two groups depending ori the size 

of the terminal motor end-plate. P1 plates usually occupy the most polar 

position on the muscle spindle, the motor end-plate resembles those on 

extrafusal fibers. P1 plate innervation is usually from~ fiber branches 

off of alpha motor fib~rs (Swash and Fox, 1972b; Barker et al., 1970). 

Since the P1 resembles the extrafusal mot~r end-plate, the ultrastruc-

tural picture of these plates resemble the extrafusal end-plate. The 

post-synaptic membrane is folded, the spacing and dimensions of the 

junctional folds are similar, and may fold like those of the extrafusal· 

end-plates (Barker et al., 1970). 
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The ~ fiber innervation of P1 plates has been shown conclusively 

by Swash and Fox (1972b) in the human and by Barker et al. (1970) in the 

cat. Swash and Fox point out that these endings are rarely found on 
... 
> 

chain fibers, and thus support the idea that they are of a dynamic 

fusimotor nature (see Matthews, 1971). 

The P2 plate ending occupies the midpolar position, however, may 

be in juxtaposition with the P1 plate in the cat.(Barker et al., 1970). 

When it is found in the mid polar region trail ending are often inter-

spersed. In the present investigation neither spirals, rings nor loops 

were observed as the terminal pattern of innervation,. as described by 

Swash and Fox (1972b). The pattern found in the human fetus consisted 

mainly of tapers and knob endings originating from a branched preterminal 

fiber. The endin~s are smaller and more delicate than the ~reviously 

describ~d P1 plates. The main ultrastructural feature of the P2 plate 

are the ·2 to 3 f.1. wide knob·-like axons terminals, ,..;rhich typieally lie .in 

a shallow depression of the thinly spread sole-plate, being opposed to 

a folded post qynaptic membrane (Barker et al., 1970). 

The Pz plates also make-up part of the dynamic fusirnotor system. 

Although the separation of P1 plates from P2 plates on a physiological 

basis is extremely difficult, a number of investigators have succeeded. 

For a review of those findings see Matthews (1971). 

Spiral polar endings as described by Cooper.and Daniel (1956) and 

Coers (1962 and inferred by Swash and Fox, 1972b), were also observed in 

this study. These fibers are occasionally seen to contain knob~like 

dilatations along their course. The function of these fibers of the 

bulbous expansion has yet to be elucidated. 
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Autonomic Innervation 

Hinsey (1927), after removing the dorsal·root ganglion and portions 

of· each ventral root (but leaving·each grey ramus intact), found no nerve 

> 

fibers innervating the intrafusal fibers. Groups of unmyelinated ~ibers 

associated with the blood vessels of the capsular wall of the spindle 

were still intact. Hines and Tower (1928). found no loss of sympathetic 

innervation to spindles after sectioning of dorsal and ventral roots dis-

tal to the dorsal root ganglion. Sympathetic-like axons with slender, 

non-myelinated parts interspersed along their length \vith myelinated 

portions were described. 

Barker (1948) observed ve~y fine fibers (< 0.5 u dia.) forming an· 

anastomosing network in the polar innervation. These fibers passed from 

pole to pole, but were not seen ending \vithin the sensory region. Barker 

however was unable to determine whether the network was confined to the 

conriective tissue capsule or whether the fibers eventually ended in con-

tact with the intrafusal fibers. Boyd (1962) found no histological evi-

dence to support the view that spindl.es were innervated by sympathetics, 

other than these sympathetic fibers associated with the small diameter 

vessels. It is his opinion that the fine diameter fibers described by 

Barker, in addition to those seen by preceeding investigators, were the 

terminal branches of the garnma2 motor fibers innervating nuclear chain 

fibers. The garnrna2 fibers 'frequently enter the spindle in association 

with the primary afferent fiber although they do not end in the same re-

gion. The observations described by Hines and Tower are according to 

Boyd, typical of gammaz fiber innervation, in that they course for con-

siderable distances before terminating. 



.39 

Barker and Cope (1962) f6und in deafferented spindles extremely 

fine (~ .5 u dia.) fibers innervating the intrafusal fibers in the equa-

torial zone. These highly branched fibers ended a·s free epilemmal ter-
~/ 

minals in the sensory region. These fibers were not associated with 

blood vessels and were thus interpreted to be sympathetic based on th~ 

, expe1:im.ents of Hunt (1960), who showed significant changes in the thres-

hold of spindle receptors to applied stretch. Santini and Ibata (1971) 

·studied cat spindles treated with 5-hydroxydopamine (5-HDA) with the aid 

of the electron microscope. They found that only after 5-HDA treatment 

did some small diameter (~ 0.5-J..t) fibers exhibit large dense (80 nrn) 

vesicles although small dense core vesicles, characteristic of the vesicle 

population of postganglionic sympathetic terminals, were not observed in 

these fibers .. A number of these thin axons with and without large dense 

vesicles follo·h7i.ng 5-HDA treatment "t·Jere observed in close approximation 

with intrafusal motor end-plates and muscle fiber membranes. They thus 

suggest a non-humoral contribution of the synpathetic nervous system 

upon motor integration by way of a Ysympathetic bi~s' in addition to 

the already present gamma bias. 

Banker and Girvin (1971) found small unmyelinated--nerve fibers 

conspicuous in the equatorial zone of the spindle. All axcns measured 

less than one micron, most of them being .4 to 0.5 mica in diameter. 

The fibers were surrounded by Sch-,;va.nn cell cytoplasm, with occasional 

bundles of two to three. axons being enclosed in a single Schwann cell. 

A number· of granules V.7 i th varying size \\1ere found in the· axons, the 

larger granular vesicles (750-1500 ~) were moderately diffuse and were 
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observed within the outer capsule around small aiterioles. Similar 

small fibers were seen in close proximity to intrafusal fibers within 

the inner capsular space. 

. I;' 

Silver impregnations have revealed· isolated instances of small 

diameter fibers originating from arterioles and branching to enter the 

spindle inner~ation, although these fine rliameter ~ibers can not be 

traced for any great distance due to the complexity of fiber distribution. 

Spindle Density 

A number of investigators have looked at human spindle density 

in terms of the number of spindles per weight of tissue (Voss, 1959),· 

or the number of spindles per to~al nerve fibers in a muscle nerve 

(Cooper, 1962). Although elaborate formulae were not used in this study 

to determine spindle densi~y, simple counts were made on ·each 100 ~ 

section arid compiled. Wh~n spindle counts were compared with previ6usly 

pub lis,hed repor t:s, it became.- apparent that numbers of spindles in the 

·biceps, triceps and pectoralis major had yet to be reported. 

Cooper and Daniel (1967) have reported on the spindle richness of 

the deep muscles of the back and of.the lumbricals. In 1962, Cooper 

disputed the number of spindles in tibialis anterior and possibly graci-

lis as being erroneously high. A spindle rich muscle may be defined as 

one in \vhich spindles can be found on most every section or multiple 

spindles in the same section. Spindle poor muscle will thus.be designa-

ted as those in which only a few ~pindles were found in all the sections 

studied. I have surveyed the tibialis and gracilis and have found the 

spindle density to be poor. However, pectoralis major contained con-

siderable numbers of spindles and may be considered spindle rich .. In 



addition, the biceps brachii and the triceps brachii also contained 

large numbers of spindles. Batten (1897) reports that he frequently 

used the biceps as a muscle of study because it was spindle rich, yet 

he failed to report whether he counted spindles in that muscle. 



SUMMARY 

This investigation studied over 600 muscle spindles, classifying 

400 from 21 different muscles of the axial and appendicular muscula

ture from four fetuses whose death was not neurologically related. 

The verification of the multiplicity of primary sensory endings 

as proposed by Swash and Fox (1972b) and Kennedy (1970) ·has been presented. 

The failure to find significant numbers of annulo-spiral endings re-

mains as a major point of further investigation. The possible differ

ence between this study and that of Swash and Fox may be due to the 

fact that fetuses were·used in the present study. 

The morphology of simple and complex spray sensory endings based 

on secondary and tertiary branching patterns is described. 

The verification and furthering of the hypothesis of Swash and 

Fox with respect to the continuity of sensory innervation regardless 

of anatomical location has been shown. 

The need for a unifying classification system has been discussed. 
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APPENDIX I 

Golgi Tendon Organs 

In 1880, Golgi published his observations on tendinous sensory 

end-organs in mammals, birds, reptiles and amphibia. The .tendinous 

rec~ptors were of two types, on~ similar to those found in the conjunc-

tiva, and the other, which was later to bear his name, were described 

as "nervose musculo--tendinose Eritiorgane". 

These spindle shaped receptors vary in size from 70-80 ~ in width 

and 300-400 ~ in length to some which extend for 800 M ·in length. One 

end is always attached to a muscle bundle while the other becomes con-

tinuous with tendon fasciculi. The myelinated nerves innervating thes~ 

spindles t·etain their myelin through tertiary. branchings ~ loosing it as 

they diverge and branch towards their terminal arborizations. 

Musculo-tendinous end organs were found to be widely distributed 

being found in nearly all muscles of the body with the exception of 

the extra-ocular eye muscles. They are most easily found in the rabbit, 

being more ntimerous in the posterior limb musculature than in the anter-

ior (from Huber and DeWitt, 1900). 

Marchi (1881) found the Golgi tendon spindles in the extra-

ocular eye muscles of man, dogs, cats, swi~Le and rabbits. These ob-

·servations were of special importance since the observations described 
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the presences of these receptors \vhere Go lgi failed to find them (frori1 

Huber· and De\vitt, 1900). 

Ruffini· (1897) found the myelinated nerves forming the Golgi ten
~;· 

don organ generally followed the direction from the tendinous end to 

muscular portion oj the end-organ, terminating close to where the ten-

don passes ·into the muscle-fibre, or even ·in the muscle-fibre at some 

distance from the tendon of the end-organ. Their mode of termination 

consists of an spical beaded chaplet, the end bead being much larger 

than the more proximal ones. This. ending sometimes can not be seen on 

the muscle-fibres proper, but on the membrane which Sherrington termed 

the axial sheath, because it lies within the periaxial space. 

Huber and DeWitt (1900) using methylene blue techniques phyla-

genetically studied neurotendinous end--:_organs from amphibia through 

mammals. They found i.n g.ll four classes, the tendons innervated by a 

special nerve end-organ consisting of several tendon fasciculi, which. 

in birds and mammals, is generally surrounded by a connective tissue 

capsule. 

These end-organs have an independent blood supply and are inner-

vated by a single nerve fiber which may ·branch before reaching the organ, 

or may branch after· penetrating the capsule. The terminal endings, 

in general, consist of one or more tufts of non-myelinated fibers 

which are applied to the surface of the tendon fasciculus, or encircle 

it, or part of it, in a clamp-like fashion, terminating on smaller 

bundles of tendinous fibrillar connective tissue. 

Stillwell (1957) using methylene blue whole mount techniques de-

scribed the innervation of tendons and aponeuroses. Tendons were found 
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innervated by nerves frotn the attached muscle and by communicating 

nerves from external sources. Endings in tendon have been different

iated by the term Golgi spindle organ and Ruffini endings. Stillwell 

found both arise from large myelinate neuron processes, forming com- ~: 

plicated varicose terminals. He thus contends that if a difference 

exists between these two endings, it is .only in size and the arrangement 

relative to the collagenous network. 

The present investigation found Golgi tendon organs in almost all 

muscles studied, the configuration of the endings being similar to those 

classically described. It was noted, how~ver, tha~ these endings could 

be found deep 'l;vithin the belly of the muscles always being intimately 

related to a raphe (Figure 10). 

Golgi-Mazzoni Bodies 

Mazz6n~ (1890) described certain terminal end organs of nervous 

origDJ in human tendon. These end organs were later to be mentioned by. 

Golgi and Ruffini, the latter describing them in tendon of other mam-, 

mals. In their simplest form, a single nerve fiber ·enters and passes. 

unbranched through a capsule ending in a bulbous enlargement, thus re-

sembling a pacinian corpuscle. More complicated forms are seen, :where 

one or more fibers branch after entering the capsule and form a twisted 

network of fibers, each of which ends in a terminal enlargement (from 

Huber and DeWitt, 1900). , . 

Further mention of Golgi-Mazzoni bodies is scarce until Stillwell 

(1957) mentions them in connection with pacinian corpuscle innervation 

of. tendon. Stillwell found both terminal end organs most numerous in 
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the proximal one-third of tendon of the distal musculature. Others are 

found in lesser numbers, more distally as well as in fascial invest-

ments. Most tendons had five or fewer of these end-organs innervating 

them.· This investigator has observed similar arrangements (Figures 11 

and 12). 
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TABLE V 

SUMMARY OF OTHER SENSORY RECEPTORS 

Muscle 

Biceps Branchii 

Triceps Brachii 

Pectoralis Major 

Deltoid 

Flexor Carpi Ulnaris 

Extensor Carpi Radialis 
Longus 

Extensor Pollicus Longus 

Extensor Digitormn Communis 

Extensor Carpi Ulnaris 

Extensor Digitorum Profundus 

Abductor Pollicus 

Lumbricals 

Oppenons Pollicus 

Thenar Eminence 

tibialis Anterior 

Gracilis 

Go1gi Tendon 
Organs 

11 

4 

5 

.1 

12 

3 

7 

4 

5 

6 

2 

7 

1 

2 

Go1gi-Nazzoni 
Organs 

1 

3 

12 

8 

4 

1 

1 

1 

1 

0 ,. 
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APPENDIX II 

x2 DETERMINATIONS 

Simple Complex Total 

Proximal 119 (116. 1) 89 (91.. 9) 208 

Forearm 52 ( 49.7) 37 (39.3) 89 

Hand . 16 ( 21. 2) 22 (16.8) 38 

187 148 335 

. _(1.19 - 116_:.])_2 
== 

2.92 8.41 = 0.072 
116.1 116. 1 116.1 

(91. 9 - 892_2 
::: 2.9 2 8.41 ::: 0.092 ----. 

91.9 91.9 91. 9 

{52 - 49: 7) 2 
2.32 = 5.29 = 0.106 -

49.7 49.7 

(39.3 - 37.t = 2.32 = 2.:_2L = 0.135 
39.3 39.3 39.3 

(21. 2 :_1_21~ = 5.22 
--- = 21 ._Q_L = 1. 276 

21.2 21.2 21.2 

16.8) 2 ..... 
27. Ol+ (22 - s.2t. = 1.610 = = --- ---

16.8 16.8 16.8 
3.491 

x2 = 3.491, d. f. - 2, p > 0.05 
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Figure 1 (400QX). C-shape clas12 ending arising from 

a branch of the primary fiber. Note pre-
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Figure 2 

. . l ,\ gamma .~otor lnnerv~tlon~.L· Note~piral polar 
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Figure 3 (2812X). Complex spray primary sensory ending. 

Note bifurcation of primary fiber (arrow) and 

seconc!_~_,!?ifurcat:_ioE_s (b_)_. Fibers (g) are 

gamma motor fibers. 
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Figure 4 (2964X). Complex s~ray sensory ending with highly 

branched and intricate network of terminal fibers. 

?ecq_~dary s~ry --~~--!T:ot~~-_Ji~~.?._i.0. are _also 

entering the ~indle in connection \vith the primary 

sensory fibe~. 
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Figure 5 (1312X). Primary and sec9ndary innervati.C_)..!l_P_~~-

Note bifurcation --.. !...-~------,. ______ , .. _ 

of the primary sensory fiber. 
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Figure 6 (4500X). Secondary innervation showing typical 

spray ending wit~ terminal branching of fiber. 
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Figure 7 (2496X). ~ulti~le se~ond~~y_jnne~vation showing 

three secondary innervation zones (arrows) on the 

same side of the primary __ ~· Note fine diameter 

motor fibers ~~nt:er~g_ the spindle !;rith the 

secondarv fibers. 
--------.-~ .. -.:..~ ... --.------·-
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Figure 8 (1288X). P2 plate ending arising from a gamma 

_fiber, be~ located in the polar _region. 
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Figure 9 (4000X).· P1 plate ending (p) arising from a 

medium fiber (f)) branch (f3) of the larg_~ dia-

~ter f.iber (AL· Other motor fibers (y) are 

~~nn:Lr~conj"unction w:Lth this large dia-

me.ter- fiber. 

i;' 
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. ~ 

....... '~-..,·.'·.· 

Figure 10 ( 1600X) . Go lg i tendon organ innerva t :i.r~_g-~_cu ~:.2.-

tendinous ~pction. Note extensively innervat~d 

area, and that the fiber diameter rem~i1:-s _re.la.-

-~i\~ely constant. 
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Figure 11 (1250X). Q.olgi-Mazzoni organs showing the simple 

. innervation pattern. Note that both organs receive 

the same in~ervating fiber (arrc::~;v) and that otheT 

!_:!:_~~9-iameter fibers rt~n in conjunction. The.se 

organs characteristically are found in tendon. 
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Figure 12 (1600X). Golgi-Mazzoni organ showing apical 

~nlarg__ement of t~_§~sm:y fiber. 
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