uuuuuuuuuuuuuuuuu

Loyola University Chicago

Loyola eCommons
Master's Theses Theses and Dissertations
1956

The Relation of the Muscle Fiber to the Tendon Fibers at the
Muscle-Tendon Junction

Thomas F. McDonald
Loyola University Chicago

Follow this and additional works at: https://ecommons.luc.edu/luc_theses

6‘ Part of the Medicine and Health Sciences Commons

Recommended Citation

McDonald, Thomas F.,, "The Relation of the Muscle Fiber to the Tendon Fibers at the Muscle-Tendon
Junction” (1956). Master's Theses. 886.

https://ecommons.luc.edu/luc_theses/886

This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It
has been accepted for inclusion in Master's Theses by an authorized administrator of Loyola eCommons. For more
information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1956 Thomas F. McDonald


https://ecommons.luc.edu/
https://ecommons.luc.edu/luc_theses
https://ecommons.luc.edu/td
https://ecommons.luc.edu/luc_theses?utm_source=ecommons.luc.edu%2Fluc_theses%2F886&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=ecommons.luc.edu%2Fluc_theses%2F886&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.luc.edu/luc_theses/886?utm_source=ecommons.luc.edu%2Fluc_theses%2F886&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ecommons@luc.edu
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/

THE RELATION OF THE MUSCLE FIBER TO THE
TENDON FIBERS AT THE MUSCLE-TENDON
JUNCTION

by
Thomas Francis McDonald

A Thesls Submitted to the Faculty of the Graduate School
of Loyola University in Partial Fulfillment of
the Requirements for the Degree of

Master of Sclence

June
1956




AFPROVAL SHIEY

The thesis sutmitted bty Themas F. MeDonald has been resd
and approved ty thres members of the faoulty of the CGraduate
School.

The final coples have desn examined by the director of
the thesis and the signature which sppears below verifies the
faot that sy neoccssaxy changes have been incorporated, and
that the thesis is now given final spproval with reference to
content, form, and mechanical accuragy.

The thesis ie therefore sccopted in partial fulfille
ment of the requirements for the Degree of Master of Scisnce.




LIFE

Thomas Francis McDonald was born in Chicago, Illinois,
June 7. 1927.

He vas graduated from Saint Augustine High School,
June, 1945, and entered the United States Army in August of the
same year, He received the degree of Bachelor of 3cience in
June, 1953, from Spring Hill College, Spring Hill, Alabama.

He was accepted as candidate for the Master of Sclence
degree in the department of Anatomy of Loyola University, Chicago,
in September, 1953,

111




TABLE OF CONTERTS

INTRODUCTION 4 o 4 ¢ ¢ o 2 o o o ¢ o
REVI®?W OF THZ LITERATURE . o« o o o
MATERIALS ARD METHODB 4 o o o ¢ o o o
O3BERVATIONS « o o ¢ ¢ o o o ¢ s & o
DISCUGSION AND CONCLUSIONS o+ 4 o » o
SUMMARY & 4 ¢ o o o s ¢ o ¢ o o 0 o »
BIBLIOGHRAPHY 4 o ¢ o o ¢ o o ¢ o o &
TABJLATION & o ¢ o o o ¢ o s 5 2 o @
PLATEE 4 & o o o o s 0 ¢ o ¢ s o o »

iv

Page

11

23
26
28




INTRODUCTION

The present study is not of recent origin. The problem

of the relation of the muscle fiber to the tendon at the muscle~
tendon junction has besn studied since the advent of histology.
Observations by numerous investigators have led to the following
major concepts:

1. Continuity theory--The proponents of this idea maintain
that the myofibrillae of the muscle fiber lose thelr
structural character and contractile property at the end
of the muscle cell. Their fibers then continue, to their
insertion on a skeletal component of the body, as the
collagenous fibers in the tendon.

2. Contiguity theory-~-The proponents of this theory maintain
that there is no direct fibrillar continuity between
suscle and tendon, Two separate groups have arisen to
support this concept. One group maintains that the muscle
membrane, the sarcolemma, either is dove-talled intc the
tendon at the point of Jjuncturej or that the sarcolemma
contains pits, or bodies, in which small fibrous ex-
tensions of the tendon are cemented. A second group of
observers have presented evidence for the presence of a

1l
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third component, the reticular fiber, which serves as the
intermediary connection between the muscle and tendon
fibers.

The histological observetions at the anatomical juncture
of skeletal muscle and tendon are still controversial. Conse-
quently this study was undertaken in order to determine the ana-
tomical relationship of the tibialis anterior muscle to its tendon

in fetal, neonatal, and mature albino rats,
REVIEW OF THE LITERATURE

Schwann (1839) revieved some of the struetural come
ponents of the muscle cell which are of importance in this problem|
He maintained that the muscle cell was enclosed in a structure-
less membrane which he considered to form a definite border
around the cell. fe also stated that the muscle fibers termi~
nated abruptly at the tendon.

Bowman (1840) described “a tubular membranaceous sheath
of most exquisite delicacy." He proposed the term sarcolemma for
the enclosing sheath or membrane, Bowman believed the sarcolemms
isclated the myofibrils from all surrounding structures,

Higgqvist (1931) presented a comprehensive summary on
the research accomplished up to that time concerning the binding
of muscle to tendon. He reviewed the theories that had come into

existence as more was discovered about muscle, Thus, the conti-
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guity theory was explained by Weisman (1861) and Ranvier (1875).
They postulated that the connection of muscle fibers to tendon was
accomplished through the medium of a cement substance., This
concept had very likely stemmed from the famed cell theory which
considered that cells were held together like bricks by a cement
substance,

As early advocates of the continuity theory, Higgqvist
cited Fontana (1781), Ehrenberg (1836), K8lliker (1850), Fick
(1856), wagner (1863), Golgi (1880 and 1882), Podwyssoszki (1887),
Bimer (1892) and others., Higgqvist suggested that many of these
might have written without sufficient consideration,

Sehultz (1912) published observations favoring the contis
nulty theory. He worked with a number of vertebrates and cone
cluded that he could find no cementing substance separating the
muscle fiber from its tendon fibersj but rather, that the myo-
fibrils continued as the tendon fibrils.,

In 1913, Baldwin refuted Schultz's paper. He stained
sections of a variety of muscles from different animals, and he
found that in muscles where the long axis of the muscle fibers
ceincided with the long axis of the tendon fibers, the sarco~
lemma of those muscle fibers presented a dove-tailed extension
|into the tendon. He also showed that in muscle fibers that met
the tendon at an angle, the sarcolemma forms a flat surface., In

both instances 3aldwin stated that the myofibrils attached to the




"
inside of the sarcolemma, and the tendon fibrils attached to the
outside of the sarcolemma,

The work of Schmidt (1927) produced a view which ap-
proached a compromise between the opposing concepts. He obserwed
that, though the sarcolemma aompletely invested the muscle fiber,
it was perforated at the tip of the cell, and through the perfo-
rations the myofibrils continued into the tendon. Shortly there-
after, Carr (1931) using fetal material as did Schmidt, denied the
existence of a sarcolemma at the tip of the muscle fiber. He
maintained that, in thinly sectioned muscle (one micron) the myo-
fibrils could bs seen passing out into the tendon with no inter-
ruption from a sarcolemma,

More recent in developmental studles was the work of
Adams, Denny-Irown and Pearson (1953), They agreed with Carr that
sometime during development there 1s a continulty, but stated
further that "the formation of a terminal cone 1s a later event.”
In the mature muscle they found a distinct boundary between the
muscle fiber and its tendon.

The stains employed for the above research differenti.
ated muscle and collagen material primarily, Other stains have
been used which showed the exlstence of additional fibdbrous materi-
al found in the muscle~tendon region, and thereby broadened the
possibilities of the manner in which these may be attached.
Higggvist (1931) cited an early yworkey, Toldt (1877) who placed
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The advent of slectron microscopy has also widened the
concept of the manner in which the muscle attaches to its tendon.

Jones and Barer (1948) with a magnification of 25,000
|times, discovered numerous small spots present on the sarcoclemma.
Thoy postulated that these spots may hzve been points of attache-
ment for either connective tissue fibers or myofibrils. In the
same year, Reed and Rudall observed fine, uniform, collagen-
t&pe fibrils located on the outer surface of the sarcolemma,
They also found spots or "corpuscles" on the sarcolemma, but they
considered these to exist on the under surface. iAgain in 1953,
Bennett and Porter identifled collagen-like fibers closely applied
to the outside of the sarcolemmal membrane. They were unable to
ldentify any pits in the sarcolemma, but noticed that thre retiocu-
lar strands of the sarcoplasm were adherent to its inner surface.

Porter (1954) extended the term sarcolemma to include an
outer fibrous portion and an ilnner nonfibrous cuticular portion
of the muscle cell periphery. He worked with Amblystoma punctatum
larvae and found that the myofibrillae terminated short of the end
of the muscle cell in the developing myotomes. He further ob-
served that toward the end of the muscle cell the sa#colamma 8xX=
tended as & number of projections. He defined the outer fibers of
the sarcolemma as different from a collagen type, because they
showed no clear periodicity. However, he did contend that these

fibers originated from the sarcolemma and its projections, and




that they continued from these origins into the tendon.
Bennett (1955) using young zebra fish agreed with Porterd
He stated, ", . . the sarcomere banding of the myofibrils stops
a micron or so short of the terminal sarcolemma, that tapering
strands of fibers of unknown nature traverse this intervening
sarcoplasmic space between termination of myofibril and terminal

sarcolemma, appearing to be a non contractile continuation of the

myofibril, and that tendon fibers appear to insert in the sarco-
lemma opposite the attachments of the connecting fibrils, forming
extensions or extrapolations of them." Bennett also added that
the myotendon junction had not yet been adequately studied with

the electron microszopes
MATERIALS AND METHODS

The tibialis anterior muscle of fetal, neonatal and
mature litter-mate albino rats, of the Sprague Dawley strain,
were used in this study.

The rats were mated between five and six o'clock in the
evening. Then, between eight and ten o'clock of the following
morning, vaginal smears were made of the females. The presence of
sperm in the smear allowed that day to be considered the date of
insemination. The following day therefore was termed the first
day after insemination., This method was used to identify fetuses
from the date of insemination to birth,
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Under ether anesthesia the hind limbs wers severed from
all animals age twenty days after insemination up to and including
the adult, The skin was removed from the 1limbs except in the
younger fetuses. The muscles were fixed intact with the limbs.
Younzer animals were fixed in their entirety. The fixatives used
were Helly's rluid and 10 per cent calcium formalin (L0 per cent
formalin-10 ml., 1 per cent calcium chloride-10 ml, and distilled
wvater-80 ml.).

After fixation, muscles, older than elghteen days after
insemination, were dilssected from thelr bony attachments, but
entire limbs had to be taken from the younger animals. These
tissues were dehydrated in alcohol, cleared in benzene, and embed-
ded in paraffin under vacuum. The younger limbs were marked with
carmine ink for orientation in the paraffin. The muscle-tendon
material was sectioned at five microns in thrickness, and the sec-
tions vere mounted in serial order.

The Periodic Acid Leuco-fuchsin and Bielschowsky methods
were tested for their staining effectiveness in this problem. The
Bielschowsky method*, which provided tinctorial differentiation of
muscle, collagenous, elastic and reticular fibers, was used,

The procedure for the stain employed in this problem is

, *H. J. Conn and Mary Darrow, Staining Procedures
Geneva, N, Y., 1943, Part 1B,, 20, ’ ’
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as follows:

Hemove paraffin from sections {1 per cent celloidin was
added during this step to coat the slides for the lengthy
procedure following).

Place five minutes in 0.5 per cent iocdine in 95 per cent
alcohol (this step was omitted in formalin fixed tissus).
Yash in tap water and place for five minutes in 5 per
cant sodium thiosulfate.

Wash in tap water.

Treat sections five minutes in 0.25 per cent agueous
potassium permanganate,

Rinse in tap water,

Place sections fifteen to twenty minutes in 5 per cent
aqueous oxalic acid.

Wash thoroughly in tap water,

Rinse in distilled water.

Leave sections forty-elght hours in 2 per cent silver
nitrate in subdued light, but not in the dark.

Wash a short time in distilled water.

Place in an ammoniacal silver solution (add twenty drops
of 0 per cent agqueous sodium hydroxide to 20 ml, of 10
per cent aqueous silver nitrate., Dissolve the “ormed
precipitate by adding 27-28 per cent smmonium water drop
by drop while shaking. lLeave a few granules of the
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19.
20,

22.

23.
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precipitate to be sure that there is not an excess of
amgonium ions. Add 80 ml, of distilled water and
filter). Thirty minutes is suffiecient time,
wash quickly in distilled water.

Reduce thirty minutes in a 5 per cent neutral formalin
solution, changing the solution after the first ten or
fifteen minutes.

Rinse in tap water.
Tone one hour in 1 per cent aqueous gold chloride.
Rinse in tap water.
Remove excess sllver by treating sections twvo minutes
with 5 per cent aqueous sodium thiosulfate,
Wash thoroughly for several hours in running tap water.
Stain (Harris' alum hematoxylin) ten minutes.
wash in tap water until blue.
Counterstain in Van Gieson's solution one to three
minutes.
Dehydrate in 95 per cent alcohol, followed by absolute
alcohol (a pure acetone solution, and an acetone-xylene
solution were added here to remove the celloidin). The
addition of pleric acld to above solutions aids in reten-
tion of the muscle stain,
Clear in xylene and mount with clarite.

This procedure enabled the differentiation of: collagen~
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ous fibrils that stained red to rose, reticular fibers that
stained black or brown and muscle fibers that stained yellow,

OBSERVATIONS

Piftesn day fetus:

The sections studlied for the fifteen day fetuses vere
made from the entirs hind limb. The dlfferentiation of the muscle
was in progress. The myoblasts had become oriented to some degree
and constituted rather condensed gzones in the more lcosely ar-
ranged connective tissue cells (mesenchyme and/or reticular
cells). The mycblast nuclel were elongate a2 contrasted to the
nore spherical connective tissue cell nueclel. The tissues which
were fixed in 10 per cent caleium formalin exhibited an argyro=
philié~nsshwark. In some instances fibers were identified,
presumably the reﬁicular fibers; in other areas the silver ap-
peared as a scattered granular deposit. Neo callaganbus or elastic
fibers were observed between the differentiating myoblasts or in
the subcutaneous tissue or dermis.

Sixteen day fetus:

These studies were again made on sections of the entire
1imb, Differentiation of the muscle had progressed, The myo-
blasts had become more elongate and had assumed an appearance
which was comparable to the adult smooth muscle cell, The nuclei

had become more compressed than they were on the previous day.
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The developing skeletal muscle fibers appeared to be enveloped by
an araquy arrangement of perallel argyroghilic fibers. The
reticular fibers, while wavy in appearance, extended approximately
the length of the muscle. Again the ruelel of connective tissue
cells were apparent between the muscle fibsrs. The collagenous
and elastlc fibers could not be identified in this stzge. The
cartilage anlage of the developing tibla hud become apparent.
Seventeen day fetus:

Some of the muscle fibers had becoms multinuclsated,

The nuclei of these fibers were smaller than those observed on
the previcus day. The muscle cells had slso become somewhat
longsre The reticular fibrous mesh which enveloped the muscle
Tiber had become more pronounced (Fig. 1), The cartilaginous
anlage had developed to & greater d#grae than on day sixteen,
The matrix had become much more abundant., The collagenous and
elastic fibers had not differentisted. The latter f£ibers also
were not observed in the perichondriasl region of the cartilage
nor in the dermis ofthe skin,

Eighteen day fetus:

The muscle fibers had developed te a considerabdly
greater length, and the aultinuoleate condition was much more
prominent, Furthermore, broed myofibrils ocould now be identified
at the periphery of the ribers, aslthough striations were not &p-
parent. The prominent reticular meshwork again emveloped the
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mscle fibers.

The site of the tendon was definitely observed inm this
stage. It conaslsted of an aggregation of fibroblasts assoclated
with a few collagenous fibers. The muscle fibers terminated in
narrov cone-like tips at the point of jJjunction., The termination
appeared to be abrupt, and the myofibrils terainated within the
muscle cell. The retlecular amesh, which enclosed the end of the
muscle flber, appeared to terainate in fine sirands between the
cells and {loers of the developing tendon., The muscle-tendon
Junction at this period appeared to ne by means of the reticular
fibers continuing from the meshwork about the musele friber into
the tendon.

H#ineteen day fetus:

The muscles for this and succeeding days were dissected
from the hind limb. The muscle fibers had an appesrance similar
to that observed on the previous day. They retainsd non striated,
broad, peripheral myofibrils. The reticular meshwork surrounded
each muscle (an homology to the endomysium of the adult) and
theroby remained the conspicuous teature of these early tissues,
There appeared to be numercus small branchings which connected
the main broader reticular fibers.

The tendon appeared as in day eighteen, consisting of
scme collagenous fibers and the accumulation of fibroblast nuclel.

The muscle-~tendon junction appeared to be through the medium of
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the reticular mesh which continued from the muscle fiber into the
tendon.
Twenty day fetus:
Cross striations were observed for the first time in
the muscle fibers of this age. They consisted of the dark and
light bands of equal width, The myofibrils had increased in
number and deecreased in width.
~ Mitotle figures (Flg. 2) vere not uncommon in the early
stages of developing muscle cells. The argyrophilic fibers at the
periphery of the muscle [ibers were also demonstrated. The retice
ular fiber meshwork which conslated of numerous anastomosing fiber
branches, formed a conspicuous sheath about the individusl muscle
fibers. 7The point of muscle~tendon junction was siamilar to that
observed on the previous day. The muscle fibers terminated
betwean the fibhroblastic nuelei and collagenous fibers of the
tendon,
3mall caliber collagenous fibers were observed for the
first time in assoclation with the reticular meshwork.
Twenty-one day fetuss
On the day before birth, the nuclel of the muscle cells
were still centrally located as they had been since thelr devel-
cpzent. The dark bands of the crcss strilations seemed to be
8lightly diminished in width. The muscle fibers, surrounded by

the meshwork of reticulum, sesmed to be growing into the spaces
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between the collagencus fibers of the tendon. Also numerous
fibroblasts and some small collagenous “ibers were found in the
region of the endomysium.

Some of the sections showed entire muscle fibers that
had become loose from their nelghboring tissue. The majority of
these fibers (Fig. 3) terminated in slender tips, though some of
them bifurcated. The sarcoplasaic constituents were completely
enclosed within the cell periphery, and the myofibrillae ended
Just short of the termination, The muscle~tendon Junction sgain
appeared to be through the medium of the endomysial fibers,
collagenous and reticular as d=seribed above.

First day post-partums

Nuclel of the muscle fibers on the first day after birth
were both centrally and peripherally located. The Qh band anpear-
ed in the heavy cross striations. The reticular fibers about the
muscle fibers were extremely large and plentiful. Their continu-
ance between the collagenous fibers of the tendon was very
obvious, The meshwork from a single fiber had several tapering
extensions into the tendon, but the muscle, in all cases observed,
ended in a single elongzate tip (Flgz. 4).

Also, at this stage the tendon extended vertically up
into the aggregate of muscle fibers. The fibers of the muscle no
longer remained parallel to the tendon, but the majority joined

the tendon at an angle, which gave the muscle a bininnate ‘orm
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which was retained in the adult muscle.
Second day poste-partums

The nuclei in the region of muscle fiber termination
tended to be centrally located and numerous, while those in the
region of the muscle fiber distal to the tendon were more sparce
and usually peripherally located, The muscle fibers were larger
in size, and the number of collagenous fibers in the tendon was
greatly increased,

The muscle~tendon junction shoved few apparent changes.
The pointed muscle termination, surrounded by a heavy reticulum,
vwas observed at the periphery of the tendon, The reticular mesh
extended into the tendon and was observed to ocecupy the inter-
stices betwesen the collagenous fibers.,
Third day postepartums

The majority of the muscle nuclei were located periph-
erally with the exception of the muscle cell terminations, in
which the nuclel were centrally located and numerous, As many as
three nuclel, lined up end to end, could be seen in the tips of
some of these muscle fibers (Fig. 5). The reticulum, surrounding
the region of the musecle cells distal to £he tendon, was decreased
in thickness, becoming a finer mesh, but the reticular fioers,
extending from the pointed tip of the muscle fiber into the

tendon, remained heavy. The endomysium showed an inecrease in

collagenous fibers,
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Fourth day post-partum:

The primary change from the previous day involved the
endomysial structures. The collagenous fibers h:d become more
ptomlnent, and the reticular fibers were less consplcuous.

Fifth day postepartum:

The Z bands appeared in the cross striations of this
stage. The muscle fiber terminations retained their pointed
endlhgs, which contained numerous, centrally located nuclei, and
vere jeined to the tendon by means of heavy reticular fibers con-
ulng from the muscle into the tendon.

Sixth day post-partums

There was no npbarent change on this day from the pre-
vious day. | |
Seventh day postepartums

The muscle fibers of the seventh day were similar to
those of days five and six. Heavy reticular fibers continued
from the muscle into the tendoen, as it had océurreﬂ previously,
but fibroblasts and collazgenous fibers were added to the reticue
lum about the muscle cell tip,

Elghth day post-partums

This stage showed a substantlal increase in the size of
muscle fibers., The terminations of the muscle fibers approached
the heavy coll:genous tendon at an angle, extended down adhering

to the side of the tendon, and tapered to a point enclosed by
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reticular and collagenous fibers,
Tenth day post-partum:

The muscle cells of this stage were similar to those of
the previous day. Although eollagenous fibers were added to the
region of the muscle teramination, there was no obvious decline
in the reticulum, which was dense about the region of the muscle
cell tip., These fivers became much finer at regions more distant
from the tendon, but the reticular sheath was maintained through-
out the length of the muscle fiber.

Eleventh day postepertum:

There was no apparent change from the previous day.
Twelfth day post-partumi

-By the twelfth day after birth the tendon extend far up
into the region of the muscle fibers, At the origin it consisted
of the collagenous fibers surrounding muscle tips. It increased
in width as 1t extended down trrough the muscle, The terminal
portion of the tendon was narrowed., The muscle fibers angled in
toward the tendon and were flattened against the periphery of the
tendon (Fig. 6). The pointed muscle termination extended downe
wards ensheathed in reticular and collagenous fibers. The muscle
ribers had enlarged, and the nuclel were primarily peripheral in
location,

Thirteenth and fourteenth day postepartum:

Aside from the increase in size due to growth, there vas
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no apparent change during these days over the previous day.
Fifteenth day post-partumt

The relation of the tendon and muscle fibers are well
shown in figure seven. The tendon can be located along ths left
margin of the field. The muscle fibers, three in number, can be
located on the right margin of the figure. The terminations of
the upper two muscle fibers can be observed, Each fiber termi-
nates in & conical tip. The striations extend to approximately
the extreme tip of the fiber, Falrly large centrally located
nuclei can be observed near the termination of the fiber, The
muscle fibers appear to be flattened against the tendon., The
reticular fibers can be observed to form a reticular sheath about
the muscle fibers. The reticular fibers continue into the tendi.
nous matrix and terminate in the cementing substance between the
collagenous fibers, Some fine collagenous fibers appear to be
intermixed with the argyrophilic reticulum,

Aauli muscle-tendon junction:

In the adult muscle fiber the termination wsas rounded
or cone-shaped, .according to its position as it Joined the tendon,
8.8+ dlrectly or at an angle., The same general relationships
which have been described for the fetal and neonatal rats were
apparent: The reticular fibrous sheath which enclosed the muscle
had become less apparent, because of the collagenous fiber rein-

forcement. The collagenous and reticular fiber endomysium was
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inserted in the tendinous matrix as observed in the younger stages

studied.
DISCUSSION AND CONCLUSIONS

The fetal and neonatal muscles provided the best
material for the study of the relationship of muscle and con-
nective tissue fibers at the muscle-tendon Jjunction.

The earliest observations, on the fifteenth day after
insenination, showed an intimate relationship of the myoblasts,
which were undergoing differentiation, and the reticular fibers.
The latter fibers were observed to form an enveloping meshwork
about the primitive muscle cells. _

During the next day the differentiation of the muscle
fiber had progressed sufficiently so that it was identified by its
spindlé shape as well as nuclear characteristics. The intimate
nature of the reticular fiber endomysium was again apparent, The
multinuecleated muscle cells of the seventeenth day were ensheathed
by broader reticular f{ibers.

The collagenous fibers were not identified until the
eighteenth day in the primitive tendon. The latter consisted of
an aggrégation of fibroblasts and some scattered fine collagenous
fibers which were arranged parallel to the muscle fibers. The
tendon occupled a position just distal to the terminals of the

muscle fibers, The only anetomical connection betwsen the
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primitive tendon and the muscle fibers was through the reticular
flbers which bridged the zep.

| On the ninatesnth day the reticular flbers enclosing the
muscle fibers and coantinuing into the tendon displayed extensive
cross branchings which iinked the auscle [ibers together and
strengthened the sntire muscle-tendon cunnection, 7This formed
a unlt by combining individual muscle Tibers into a bundle, and
the actlon of any individual filber could be spread over a greauter
area of tendon.

Collagenous fibers did not appsar in the eandomysium
uatll twenty days after insemination, but from this tim: on there
was & steady proliferation of these Iibers in both endomysium and
tendon. 4%ith the presence o7 collagenous Tibers in the sndomysium
the anatomical constituaenis of the adult muscle-tendon Junction
was complete, and the changes rom this time un were in growth and
forme.

The aajority of muscle fibers from the t'irst day of
birth tool an oblique poszition to the tendon, directed downward
in true bipinnate Torm., The reticular fibers retainsd & harness-
ing meshwork about the muscle ibers, cross branched throu;hout
the muscular tissus, and continued into the substance of the
tendon. The collagenous fibers, although last to appear in develw|
opment, were wmore prominent in the eadult.

Two neonatal muscle fibers terminating at the muscle-
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tendon junction are diagrammatically shown in figure eight. The
reticular meshwork which surrounds the skeletal muscle fibers can
be likened to a stocking or harness. The coarse reticular fibers
continue beyond the conical muscle tips and are embedded between
the collagenous fibers, The coarse fibers are connected by the
mumerous smaller reticular strands which surround the individual
muscle cells, In the later fetal, neonatal and adult animals, the
collagenous fibers form a reinforcement for the reticular harness,
The collagenous fibers of the endomysium are continuous with those
observed in the perimysium aend epimysium, all of which continue
into the tendon.

The effect of muscle contraction and the subsequent
effeet on the endomysium and the tendon was not observed.
However, the following action could be postulated. The contrace
tion of the muscle could cause z shortening and a thickening of
the muscle fibers. The bulging of the muscle could in turn exert
a4 pressure or pull on the reticular harness which surrounds each
muscle fiber. Since one margin of the harness is fixed in posi~
tion, the ‘origin, . the opposite end or the muscle insertion
would effect the pull upon the tendon. The only anatomical cone
nections observed in thia area vere continuations of the reticu-
lar and collagenous fibers into the intercellular substance of the
tendon. These fibers, according to their attachment in the

tendon, would therefore be responsible for the skeletal movements
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which originate in the skeletal muscle cells.

The observations which have been deseribed falled to
support the continuity theory. There was no evidence for a
continuation of the amyofibrils into the tendon, which had been
proposed by Sehultz (1912), Schmidt (1927), Carr (1931) and
otners. The study verified the previous ebservations by Goss
(19%4) on adult monkeys, and Long (1947) on the soleus muscle of
the rat, Our data affords support to the contiguity theory.
In our study the reticular fibers formed the major junction in the
fetal stages., In the postepartum rats, the reticular stroma was
reinforced by & collagenous fiber stroma. The latter formed the
major components in the adult rat endomysium, though a reticular
meshwork could still be obhserved surrounding the sarcolemma of the

skeletal muscle fibers.
SUMMARY

l, 7ifteen day Tetuses showed dirferentiating myoblasts and cone
nective tissue cells. Argyrophilic fibers and granules were also
present throughout the region of the differentiating myoblasts.
2., Sixteen day fetal muscle cells were similar to the spindle-
shaped smooth muscle cells. Wavy reticular fibers were located
between the muscle cells.

3. Seventeen day fetal muscle cells were multinucleated and en-

sheathed by a meshwork of reticular fibers.
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4., Eighteen day fetal muscle fibers showed thick periphsral myo-
fibrils. Collagenous fibers of the tendon appeared, and the
Junection between the musele and the tendon was by means of an
extension of the reticular fiber mesh that surrounded the muscle.
5. In nineteen day fetuses, the reticular fibers exhiblted fine
eross branchings between the larger fibers, forming a reticuler
endomysium for the developlingz muscle,
6, Cross striations -appeared in the twenty day fetus muscle
fibers., The myofibrils were thinner, but they were more numer~
ous, Also sparce collagenous fibers became apparent in the region
of the reticular endomysiuam,
7» The twenty-one day fetus exhibited an increase of fidroblasts
betveen the muscle cells., There also was an increase in ecollagen-
ous fibers in both endomysium and tendon.
8. The tibialls anterior muscle of the one day rat exhibited a
true bipinnate “orm. The Qh band slso became apparent at this
stage.
9. Two and thres day old muscle fihers exhibited aggregated nuclei
in thelr terminations. The remaining nuclel became more sparcs
and peripheral in location.
10, The endomysial structure of the four day old muscle showed
an increase in collagenous flibers.

11. The Z band appeared in the c¢ross striations of the five day

old muscle fiber.
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12, The significant change in the remaining neonatal muscle fibers
studied was growth. Likewise, the fibrous tissue increased in
amount, especially the collagenous fibers. The fifteen day old
muscle-tendon Jtnetion was essentially the same as the differene
tiated prenatal muscle-tendon junction. It differed only in size
and the amount of connective tissue which enveloped the musecle
fiber termination, The reticular mesh that surrounded the muscle
fiber termination extended into the tendon as it had on the
eighteenth day after insemination.
13, The adult muscle fibers showed no nmuelel in their terminas
tions., An incresse of collagenous fibers in the endomysium
reinforced the reticular fibers which ensheathed the muscle fiber,
Both eollzgenous and reticular fibers continued into the tendon.
14, The only visible anatomiecal connection between the muscle
and tendon ibers at the muscle-tendon Junction in the fetus was
by means of the reticular fibers. In the adult rat reticular and

some collagenous Tibers appeared to bridge the junction.
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16 day 8

17 day 7

18 day 7

19 day 8

20 day 7

Tabulation of the Development of the Muscle-tendon Junction

Age Spec- Structure of tiblalls
imens anter muscle

Differentizting myo-
blasts.
Single elongate nuclel.

Myoblasts assume spine
dle simllar to smooth
muscle cell.

Lengthening =muscle fi-
ber multinucleated.
Nuclel centrally lo-
cated,

Thick and peripher-
ally located myofibrils
apparent.

Nuclel centrally lo-
cated.

¥uscle filbers terami-
nated in conical tips;
do not extend into
tendone.

Cross striations appear.

Myofibrils increased in
number and decreased in
diameter.

Mitotic figures common.

Structure of the
endomysium

Small reticular fibers
surround the myoblasts.

Reticular fibers lo-
cated parallel to
myoulasts.

Forms heavy reticular
mesh about muscle
fiber.

Similar tc previous
day.

Cross branchings of
reticulapr fibers
apparent.

Mumerous anastomotic
fibers ensheath muscle
continue into the
tendon.

Collagenous fibers
appeir.

Structure of the

tendon

Absent,
Absent.

Absent.

Few fibers appeared in
connsctive tlssue pri-
mordia at termination
of muscle flbers.

Definitive tendon more
prominent because of
inereased collagenocus
fibers.

Similar to previous day




Tabulation continued;

21 day 7

Post-

B

2 day

6 day
7 day
8 day
9 day

10

10

it B+ - S Y

Musels fibers seen
to taper at termi-
nations.

Fuclel distzl to tendon
are periphersally
located,

Qh bands appear.

Numerous nucleil toward
termination.

Other nuclel periph-
erally located,

L
Z bands appear

Shows normal growth,

1 to 4 nucleil may appear

fibera.

Reticular ¢ibers dense;
Inerease in collagenous
fibers,

Continues into tendon.

Increase in collagenous
fibers.

Retienlar fibers dense.
Continues into tendon.

Simlilar to previous day.

u

H

29

Collagenous fibers increass
ed in dlameter and nmumber.

Tendon extends into muscle
to form bipinnste arrange~

ment.

Reticular filbers occupy
interstitial sreas.

H"

i

3teady increase in retic-Shows steady increase in
ular and collagenous fi- cocllagenous fibers.
at terminations of muscle brous materiszl.

Both types of fibers

continue into the tendon

Developmental petween & to 15 day post-partum is
similar to that described for fifth day.




Tabulstion contlnued;

10 day
11 day
12 day
13 day
1% day
15 day
Adult

5
6
8
7
7
7
1

fiber tips, others are
peripheral

Ruclel absent in muscle Hsticular mes: about
muscle Flber.
Reinforced by colla-
genous Tibers.
Continues into tendon.

30

Dense collagenous fibers.
Inciudes reticular fibers.
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PLATE I

Figure 1
Reticular fibrous mesh surrounding muscle fibers in the
geventeen day fetus, Fixation, 10 per cent calcium formaling
stain, Bielschowsky method. x2000.
M--muscle fiber
Re=reticulum
Pe-fibroblasts

PLATE I




PLATE II

Pigure 2

32

Mitotice flgure in muscle tip in twenty day fetus,

Fixation, Helly's fluid; stain, Blelschowsky method.

Mfemitotic figure
Re=reticular fiber

x2000,

PLATE II

Flgure 2




PLATE III
Pigure 3
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Muscle fiber termination in the twenty-one day fetus.

Fixation, Helly's fluidj stain, Bielschowsky method.
T--musele fiber tip

x2000,

PLATE IIX

Figure 3
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PLATE IV

Figure 4%
Heavy reticular fibers surrounding muscle termination
Pnd continuing into tendon in & one day old animal. Fixation,
10 per cent calcium formalin; stain, Bielschowsky method. x1000.
M--muscle fiber at tip
R-wreticular fiber

T«~tendon

PLATE IV

Pigure &
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PLATE ¥

S R TR T R

£
3

e PLATE V

ﬁg{é Mgure 5

”5 g Three day postepartum muscle fibers showing nueclel in
‘é& their terminations. Fixation, 10 per cent calelum formaling
1‘“3 staing Blelschowsky method. x1000.

Heemuscle {iber

Neenuelel at tip of muscle

Ik T--tendon

{ Fewefibroblast




M
4
It 36
| PLATE VI
" |
{
L PLATE VI
1
w‘ Megure 6
Musele-tendon junction of a twelve day old rat. The
1l ‘r.,
1 endomysium consists of reticular end collagenous fibers which
e
th terminate between the tendon flbers. Fixation, 10 per cent
‘g E formaling stain, Bielschowsly method. x1000.
Ky
‘Lﬂ 7 Mewmuscle flber
fiNee 3
¥, T-stendon
1\$

Mt-termination of muscle

8

Feegndomysium




PLATE VII
Figure 7

Separated muscle tendon junetion

rat. Heavy reticular fibers gontinue into

fiper terminations contain maclel,
the tip of the ¢ells Cross

obvicus. Fixation, Helly's fluldj stain,

11000 ®
Hewgagscle {iber

He-nucleus

MT-muscle fiber termination

Reeraticular fiber

and the striatio

branching reticular ) 4 X
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{n the fifteen day old

the tendon. The muscle
ng continue to

hars are also

Bielschowsky mathod.

PLATE ViX
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—M
—-—N
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—+-R




PLATE VIII
Pigure 8

fiber and continues inte the tendon.
Meemuscle fiber
Re~reticular fibers
T-~tendon

Ee~endomysium

Ce=collagenous fiber

38

A diagram of the manner in which the muscle fiber is

attached to the tendon. The fibrous stocking surrounds the muscle

PLATE VIII

m n:{

Figure 8
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