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TT. TNTEODUCTTON

Thie thesis deals with two aspects of the embryology of the sympa-
thetie nervous system. One problem was to define the upper and lower
1imite of the white rari comrunicantes in huran embtryos and to compare
these regvlts with other studies on man, While examining the limits of
the white rari, it wae noted that as the embryo matures, both while
and grey rani cormunicantes apparently make their sppearance in incress-
ine nunbers sccording to a specific pattern, The pattern of develop-
ment of the prey rami has been investigated and is presented ag the
gecond part of this report. The date on the developmental pattern of
the white rarni is lese complete due to the lack of certain crucisl

gtages of carly human development.



ITT., HISICRY

one of the earlicst references to the sympathetic nervous system
was by ﬁﬂem(l} in the second century A.D.. Further knowledge, limited
mainly to the rross anatomy of the thoraco-lumbar pertion of the avte-
norde nervous syster, appeared in writings of the seventcenth and eighte
eenth centuries. Tt wes not untll the nineteenth century, however, that
advancemente in sclentifie research made it possible to 3 nvestigate the
develormenial and functional aspects snd ectablish the present knowledge
of the anatomical structure of the svmpathetic nervous system.

Muring the fourth decads of the nineteenth century, two important
diseoveries oceurred, Tn 1836 valentin(?)obgerved the difference be
iwoen the white and grey raml communicantee and noted that the white rami
pare from the spinal cord. Tn 1738 Remakw} degeribed the unmyelinated
nerve fibers in the grey rami commnica tes, FHe also reported that each
svrpethetic ganglion was connected with the corresponding spinal nerve
by at least two Lranches. These were outstandine contributions that
provided a basis for subsequent investigations of the sympathetic nerve
ous system, |

¥idway through the nineteenth century, Pidder and Volkmann{))
measured the caliber of nerve fibers in the sympathetic trunks and in
the dorsal and ventral spinal roote of froge and distingulshed hetween
fine and large myelinated nerve fibers. This o"servation helped lay
the groundwork for Caskell's wmonurental resenrch 50 years later.

Tn 1880 Schenk and Pirdeall (5) examined human embryos and recops
nized that short branches from the spinal nerves teyminated in srall
iypegular cell maspes, Thoy noted that these cell masses were not cone
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nected to each other at first, but later developed flbrous intercone
nectiong, forminr ganglionie chains,

Turing the latier part of the nineteenth century, faskell(%;7) made
several important discoveries that ushered in the modern concepts of
the sympathetic nervous systern. He examined camic acid preparstons of
the anterior roots of spinal nerves cervicel one through lurbar four in
doge for the presence of pmall wedullated nerve {ibers less than three
ricrong in disreters At the level of theracle two, there wae a sudden
appearance of large mwbers of these srall fibers, and they rerained in
abundance throughout the thoracie region, Tn the lumbar region there
wag a pradusl disappearance of these mmall nerves, beins decidedly fewer
in number at lumbar one, sparse at luwbar two, and sbgent at lumbar three.
He traced these fine nerve fibers to the genglia of the sympathetic
trunks and noted thai some nerve fibers passed throurh certein panglias
inte the egplanchniec nerves. Caskell concluded that enly the thoracie
and upper lumbar spinal nervee have white rami passing to the sympathe-
tie trunks and rrouped them under the term "thoraelc outflow®,

Tn 1798 Harman(8) dissected six human fetuses and examined cach
rarue connecting a spinal nerve to the sympathetle trunk, fror thoracie
twolve throush lumbar four, inclusive, He counted the number of meduls
lated nerve fibers that were less than three microns in dimeter in each
reg~us; noting a sipnificant Jeerease in these small Mbers below the
level of lumbar twes f%hercfore, he concluded that the cemdal limit of
the lumbar efferent vigceral outflow in man was usvally at the level of
the twentyesgecond spinal nerve (lumbar two). Tn 1900 Harman(9) nace a
girilar study on the upper 1imit of the visceral efferent ovtflow in

human fetuses, Fe reported that the upper 1imit was usvally at the level



of the ninth spinal nerve ( thoracic one),

Hear the turn of the century, ILanrley! 10s11,12) made important
contributione to the anatomy, physiology, and terminology of the viscerdl
nervous system. FHe introduced the three words "sulonomic"; “pregange
lionie", and "postganglionic", which have become standard temrinolegy
reparding this portion of the nervous systern, Although Iangley's gtvdice
were performed en lower vertebrates, he estirated that thoracic one and
Junbar two were the upper and lmz? lirits, respectively, of the thoracoe
jumbar outflow in humans, Uy observing pilomotor activity jnduced by
electrical stimulation of the white and prey rami in ca's, after using
nicotine to psralyze the cells in the gympathetic ganglia, lLancley wam
able to determine the cell statlons and areas of distribution of masy
of the white and grey raml cormunicantes.

vost of the articles on the embrvolory of the svmpathetic nerveus
eyster have been devoted to the development of the sympsthetiec trunks
and chain ganglia.

Tn 1877 Balfour(13) studied the development of the peripheral nerve
oue gystem in elaswobranchs. He wrole that the cells campasiﬁgg the
gnlagen of the smympathetic trunks were derived from the dorsal rool
panglia, Wis theory was supported by Harrison{llh), Streeter(15), snd
others and remained dominant for many years,

tne of the earliest descriptions of the wedern concept of the developw
ment of the sympathetic trunks was written by Kuntg(16) in 1910, ‘ceord-
ine to hisg investigatd on, the prirordla of the sympathetic trunke first
appeared in the thorecic region of plg embryos aboul eix rillireters in

length, Cells from the neural tube migreted along the ventral roots and

aceorpandcd cells from the dorsal root ganelis in a peripheral mipvation
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along the spinal nerves, Some of these cells left the course of the
gpinal nerves and rigrated to regions dorgso~lateral to the aorta, giving
rige to the sympathetie trunks., These mirrating cells formed cellular
vridpes between the spinal nerves and the sympathetle trunke, represente
ine the future pethwaye of the white rami communicantes. 'The gmpathes=
tle trunks appeared first as continuous cell columns without distinct
sepmentation, Throurh proliferation and misration of these cells in the
thoracic and upper lumbar vepions; the columne were extended cranially
inte the cervical repion and candelly into the lumbow-sacral regiorn,

funte noted that fibrous rari cormunicantes were not present in
gix millireter embrvos. He stated that in nine milliveter embryos fibers
were present in the communicating rarmi, but that they did not extend
into the prirerdia of the syrpathetic trunks rntil the enbrves were 10
mi1limeters, or mere, in length, The theory that neurcblaste mirrate
fyor the neural tube by way of the ventral roots and contribute to the
formation of the sympathetic trunks has been supported by the experinents
of Joﬁes€1?s1&), Kuntz(19:25), Trizeee and Kﬁﬂtmfgl), and others.

Imbryolopical research has dlsclosed the following infoermation re-
parding the development of the rrey and white ra»! corruniegntes. Small
nerve {ibers from the n&uralltuhﬁ leave the anterior prirary reavi in the
thoraciec and upper luwbar regions, terminating in the sympathetie trunks.
Thege nerve flbers firet appear during the time the sywpathetic neuro-
blaste undergo their rmigration te form the sympathetic trunks and later
beeome myelinated. They are the white ram* cormmicantes in the adult.
After further development of the embryo, the neuroblasis in'the sympathe=
tie panglia send nerve fibere back to the spinal nerves. These fibers

remain unryelinated snd form the grey rami communicentes in the adult.



TV, MATERTALS AN VEITODS

A eproup of IE seriallv gectioned human embrvog; renging in crowne-
rurp lensth from L to 35 rillireters, was available for this investie
pation, Two of these embryos (numbers 21 and 321%) were borrowed from
the collection of the Nepartwent of Embrvology of the Tarnerie Tnstitue
tion of Washington at Faltinore, through the courtesy of w, 0, W, Tartels
meg and Dre Jo Do Gbert, The cther embrros used :’i,n‘ this etudy are in
the ecllection of Dr. A. A. Pearson at the University of Orecron Medical
echool, 2 prelirinary exa ination revealed that 1l of the LS embrvos |
were sectioned in a plane unsuitable for following the course of the
cormuni cating rasi, as will be explained later in this paper.

The stailning method and the guality of the staln are important face
tors in identifying and tracine the communlcating rami, The cmali'i;y of
a stain depends upon the method uged, the slrill of the techniclan, and
the tvpe and quallty of the fixation. ¥With human material the latter is
diffienlt to control.

The 1list of embryos used in thi& study and the method of etalning
each embryo are shown in Table 1 (papes 12 and 13), Embrvoe stained with
the asctiveted protarrol method of Todian(?2) and the s'lver-gelatin mezf*ed
of Pearson and O'Nei11(23) were found to bte most usefvl, The above meth-
eds stained the axis cvlinders a dark blue color, cavsing ther to becore
distinet for microsecopic observaticn., 'The other staine used were rore
gereral in thelr coloring of animal tissues and were not selective for
nerve fibers, Yhere general stalns were used, nerve bundles eould be
df stinpuished; however, individusl nerve fihers were not as readily
obgerved. |

The geriasl sectione of each embryo were exarined wleroscopiecally,

)
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end sections contalning remi communicantes were carefully evaluated and
pertinent date recorded.

Photemicropraphs of sections of 15 human embryos used to study ihe
white and prey rari communicantes are included in Chepter ¥, Tt ghould
be pointed out thet wmany of the &'stinguishing features of histologle
slides are loet in black and white photomicrosraphs, due to the absence
of contrasting colors. |

Tn young human embryos the white and grey raml were closely approxe
jmated and their mnatomical poeition was useful in dlstingulishing one
from the other. Tt was obeerved early in thils gtudy that the rrey rami
lav medial or proximal to the white rari and pass between the white rari
and the vertehral bodles.

Tt should be noted before evaluatins the reevits of this project
thet the only eriterion applied in determinine the age of wost of these
entrvos was the crown-rurp lenc-ih measurement. Strester(2l) hes shown
that size alone is not always a reliable pavge for est'mating the develop=
mental sge of an ermbryve., He hae devised several other eriteria that
facilitate a rore accuraie deter-ination of over-all organ development.

Streeter postvlated that if tissmes and organs depend on one another
for their oripgin and form, it ghould ‘e possible to know from the devel~
oprental status of one organ, the status of all other orpens in that
particular emtryo, He exarined a large collection of huran erbryos 2
to 32 millimeters in length and reported that & definite and iavariable
schedule of organ correlation did cceur: He rrouped thisg correlat’on
of the stages of organ developrent into what he e¢alled "developmental

hort zoneg®,
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Tn order to utilize Streeter's "developmental horiegons™ accurately,
g detalled analysis of each embryc would be necessary, which wag not
within the scope of this projects Tn congidering th. (-la of Two embryr s,
however, it was desirable to use Streeter's method, The reason for
this 1a sxplained later in the text. Tt shonld be poiaied cul thet
Sirecter's method of apge determination ig not widely applied; the

erowne-rurp length measurement being more generally used,



V. OBSERVATTONS

A study of the upper and lower limits of the thoraco-lumbar cutflow
was made on 31 humen embryos, L to 35 millimeters crowr-rmwp length. 2
gearch for white rami communicentes was made on both sides of each embryo
between spinal nerveg cervical seven and lumbar ﬂ*é'e, inclusive.

Wherever possible a whitc ramue waes fdentified bv obgerving its
passage from a spinal nerve to a gympathetic panpglion in 2 single section,
This pathway, however, rore eften had to be followed through several ser-

ial sections. TFigures 9 and 1 in the section on Tllusirations (Chapier

X} show nerve fibers leaving a spinal nerve to form 2 rarus communicans
and entering a sympathetie gansrlion,

The smallest em ryos in which white rari could be found in this
gtudy were six and six and one<half millireters crown-rump length., Thie
obgervation was in accord with those of Funte(25)who has reported finde
ing communieating ramd in enbryos six millimetere lons, The white rani
comruntcantes were present in the six millimeter erbryo frem spinal nerves
thoracic three through thoracic eipht; inclusive, and in the six and one-
half millimeter enbryo between thoracic two throueh thoraecic nine, inelusive.

Two embrveos that were seven millimeters and eight millireters crowne
rump length did not possesg any white rari, Since white rari were found
in two smaller embryos six milliretere and eix and one-half »illimetors
crown-rurp lenpth, an altempt was made to dJdetermine more accurately the
developmental age of the seven mill:imet@r and elght millimeter embryos,

Cne pi‘ Streeterts(2h) critert ay applicable to serially sectioned
human embryos; was usede According to Streeter the development of the
lene vesicle is closely correlated with the over-all organ development
of the emtryo. 'y comparing the stage of lens vesicle formation in the

b4
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seven millimeter ond eirht »illimeter embrvos with Streeter's scherme of
“developmental horigons®, 1t was discovered that both embryos were loﬁéer
than thelir sctual organ development would indieate, This i¢ belleved -
aceount for the atgence of white rami in these ewbryos.

The upper lirmit of the white ranl corrunicantes was at the level of
the first thoraciec nerve on both eldes of all exbrvos nine millireters
lone or lonpers Tn 3% oul of L6 gides of these embryvos the lower limit
was the second lumbar nerve, and on the remaining eicht sides the lower
1imit wae lumbar three, (See Tsble 7, papes 12 and 13).

Table TT (page 1lbi) indicates the resvlts of observations made on the
developmental pattern of the pgrey ravi commmicantes in 23 enbrves, rmg-
ing fyrem b to 35 millimeters in length., Each embryo wae exarined bilet-
erally to determine the number of grey rani present and their cranial
and caudal limits.

Tn youne embryos the white and rrey ranmi communicantes tended io
run in a transverse plane, snd for thie reason the rani were more eas’ly
gtudied in embryoes scctioned traneversely., Although the srey rari come
pyntcanteg in human adulis are considered to be present at every spinal
nerve level from cervical cne to the coccygeal nerve, inclusive, it wae
not poesible to identify grey rami at all these nerve levels in svall
embryos. The cervical and eavdal flexures of the bodies of voung embryvos
made it impossible o section them transversely throurhcut. When good
transverse sections were otained through the thoracie and lIumbar regions,
sections through the upper cervical and lower sacral rerions were oblique
or frontal. Therefore, it was nocessary to limit this investigation to
those grey rari present between spinal nerves cervical seven and sacral

five, inclusive. Twenty three of the forty five available erlryos were
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Explanation of Tatles 1 and 2

Cel ww Crown=rump lengih in nfllimeters

80 ww Silver gelatin method of Pearsen and O0'edill
HelR «= Hematoxylin and eonpgo red

AC «= Alom cochineal

HE == Hematoxylin and eosin

T w= fctivated protarpol method of Todian

+ == From the Carnerie collcction
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34

Grey Fari Cosmunicantes

+
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182 h none found none found
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congidered satiefactory for this study because they were sectioned in @
transverse plane throughout wost of this resion,

To facilitate an understanding of the conclusione drawn from this
investigation, a detailed report of the grev reni communicantes in each
enbryo follows. FPhotomicrorraphe of typical sections of each embrvo

uged in this study are presented in Chapter X, Tllustrations,

Seven human erbryos with crownerump lenpths of less than nine millie
meters were examined for grey raxi, but none were found.

feries 12L and 1253 Tn the two nine millimeter embryos thet were

exarined, white rami wer: seen at every epinal nerve level from thoracic
one through luwbar two, inclusive. No grey ra~i were present in either
embryo betwsen cervical seven and lurbar three, inelusive. Tn series 12k
(WMpure 1) the white rard were large, and although liphtly stained, could
be satisfac’or’ly observed, The white rami in series 125 (Pigure ?) were
made up of fine nerve {larente that were difficult to cheerve azpainst the
derkly stained cellular background of the embryo,

feries 591 Four embrves of 10 nillimeters crownerump length were
exarined, tul only one was sectioned iransversely and was satiefestory for
studying grey remi, At the levele of spinal nerves cervical eicht and
thoraecic one, bilaterally, fine estrands of tigsue were noted in & location
normally occupled by rrey rari and were identified as nerve fibers by thelr
stainine cuslitiess Opinal nerves cervical seven through lumbar three,
inclusive; were investigated for srey rawmi, White and rrev rami are shown
at the level of the first thoracic nerve on the right side of ™pure 3.

Series 179¢ One embryo of 12 millimeters crownerump lensth was
suitable for study, Al each level Irom cervieal eight through thoracic.
three, bilaterally, there were bundles of nerve fibers which ecould be

identified by thelr anatorizal position ae grey rami comrunicantes. The
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ertrvo was studied for prey rami tetween cervical seven and lumbar three,
inelusive. O the left side of fipure L, a portion of a grey rarvus can
be reen extending dorsalward from a gywpathetlec ranpglion toward the
second thoracic gpinal nerve,

[

Series Pt One swbrvo 1 millireters long was examined, Tn “his

enbrro grey rari could be identified on both gides from cervical seven
thyourh thoracie four, inclusive. The grey rard were difficult to follow,
becauge they were made up of loose fiber bundles or rerely fine sirands
of nerve Tibers ag ghown on the ripht side of figure 5, 7The e btryo was
evarined for grey rami on hoth sides between cervical seven and Jurbar
three, inclusive.

Series 2L9s One 15 rillimeter evbryo was studied, Tetween cervical
seven and thorseie four, inclusive, rrey rarm! were present, bilaterally.
At the level of the f£ifth thoracic nerve 3 rrey razus wag noied on the
left side, but none could be found on the opposite side. Telow thoracie
fMve rno evidence of rrev ranl wag preesent, The embryo war exarined frov
cervical seven te lumbsr three, inclueive., Fipure & ehoun portions of
both a white and a rrey ra'ug at the level of the second thoracic nerve.
Tt can be seen in thig photomicrorraph that, althoush the nerve fibers
are lirhtly stained, the reni are well formed and are in their charace
teristic poeitions,

Serics #7: One embryo 18 millireters in lenrth wes studied. Orey
rar! were present on both sides of this ertrvo from cervical seven through
thoracic eight, inclusive, £t the level of thoracie nine, & rrey rarus
was seen on the right slide of the enbrro, bul on the left side none covld
ke 1dentiffed. A search for rrey ra-l wae mpade fyom cervical seven

throurh Iumbayr three, inclusive, tul none were noted below thoracie nine
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on either egide. The rrey rai were small and often indistinct apainst
the cellular backrround of thic embryo. Mgure 7 shows part of a large
white ramus separated from a portion of a swall grer rarue by a vein at
the level of the fifth thoracic spinal nerve.

Series 170 and 23k: dwe 20 millireter embrvos were satisfactory

for investiration, On both sides of each embryo well differentiated grey
ra~i were preseni at each spinnl nerve level {row cervical seven through
lumbar three, inclusive, Althourh both ewhryos were carefully exarined
throurh sacral one; no further rrey ra-i were found, White and rrey rami
are shown on both glides of Mprure 7 al the level of the fourth thoracic
spinal nerve. Figure 9 clearly deplcts a white and a rrey ravuvs ai the
level of the girhth thoracic nerve,

Series 165t One 22 millireter embrvo was studied, ‘The rari corue
nicantes were well forred and the sections were well stained, (rey rari
were present on both sides of thie embryo from cervical seven throuvesh
Iumbar four, inelusive., Telow lumbar four no grey ra-i were visihle.
Portions of two rrey varl, Lying close logether, and the proximal end of
one white racus are shown in firure 10. 1Two or more rrev ravi were not
uneommonly geen rrowling back frem a syrpathetic pranglion in older embrvos,

Series 2h6s One 21 ~31limeter embrvo was exarined, ‘rev revi were
seen on both rides between cervical seven and hwbar four, inclusive, On
the left side prev rani were found throurh sacral one, btut on the right
eide none werc seen below lubar fours Tt was A1ff%cult to be certain of
the exact lecations of srey rami in the lower lumbar and upper sacral
reiiong, because of the olligue plane of the sect'ons, This embrvo was
gtudied Trom cervical seven throush sacral five, inclusive., PFirure 11 shows

the distal end of a rrey ravus at the level of the £ifth thoracic gpinal nerve,



an

Series 21Ps Tn this 28 milliveter huran erbryo rrey rari werc pree

sent on hoth g des from cervical seven throurh sacral three, inclugive,
The nerve fiber tundles wer: well & flercntiated and eas’ly followed
fro~ the chain panglia te the gpinal nerves., The embryc wag studied
frorn cervical seven throurh sacral rive. The clore approxiration of
white and prey rani as shown in figure 12, makee 1t seem prehable that
they would have fused intc a sgingle bundle in the adult,

Series 27: The next erbryc sultalle for exariration waz 29 rﬁilﬁ-
~eters in length. Crey rami communicantcs were precent bilsterally,
fror cervieal seven throurh sacral five, inclusive., "These levels
were the eranial and cauvdal 1lirits studied for this project, 411 rrey
rani were present as well-formed nerve bundles end wers followed withe
out difficulty. Orey rari are shown bilaterally at the level of the
fourth Jurbar nerve in figure 13. These rari were more clearly vigible
under the microscope than they are in the photoricrosraph,

feries 17h and 167t Two larger human emlrvos were exarmined, 7The

former was 30 millireters and the laiter was 35 rillimeters in length.

A complete series of rrey rami wae found on hoth sides of esch embryo

fror cervical seven throurh sacral five, ‘nclusive, Ferther investiga-
tion of larger erbryos was beyord the renpe of thig project, MMpure 1L

is one of the betier illunstrations of both white an? rrev raml at the

sare spinal level. Some of the nerve Ifibers in the white rarus covld te
traced into the elghth troracle spinal nerve and centrally toward the
ventral and dorsal roois of ithat nerve. Toth white and rrey rard are also
well shown in figure 15, The proximal end of the grey remus fang out inte
several bundless one joing the white rarus close to its attachrent te

the spinal nerve, one Jjoine the ventral root of the spinal nerve, and the

third bundle ies between the other two,



V7. DTSCUSSTON

£1thouph 2 vast arount of research has been done on the sympathee
tiec nervous syster, relatively few investirators have specifiecally
atterpted to determine the limite of the thoraco-lurbar cutflow in ran,
raske11{7) and Langlev(1llperforred thelr classical studies on dogs
and cats, respectively, and as cheehar (26) hag mentioned, therce resvlts
have often been transferred dMrectly te man without takine into account
species variation. Harrer(?,9) dissected huran fetuses, and was one
of the Tirst to stuly these i‘imﬁ.ts ueine huwan materiel, To 1oLl
Shechan({26) pointed cut that there was still no general agreement as to
the extent of the thoraco«lumbar vigceral e ferent ocvtflow in man, He
attempted to reredy this situation, and by examlning the sympathetic ner-
vous system in cadaverg, he established what are now generally accepted
to be the lirits of the thoraco-lumbar cutilow in man,

sheehan{?6) tnvestd rated the lirlis of the thoracoelurbar cutflow
in nine adult cadavers. He exarined the ventral spinal roois from both
gides of each cadaver, searchine for svall mednllated nerve fikers less
than three microns in @ areter. Tn five cases the ventral roots from
hoth sldes were studied from cervical one lo the coccypreal nerve, inclue-
sive, Tn the other four cadavers the ventral roots from the upper and
lover 1limits of the thoraco-luntar outflow were gitudiedy namely, cervie
cal seven te thoracie three, inclusive, and thoracic twelve to sacral
five, inclusive,

Mg material was prepared by removins the spinal cords at avtopsy
and treating them with a ten percent formol saline solution, ILeter the
ventral roots were dissected off the cords and stained in bulk with osmic
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acid, and then cut transversely and lonritudinally. Veasurerenie and
counts of the nerve fMbers were made with a0 ocvlar microveter,

The resulis of Sheehan's investir-ation indicate that the thoraco-
lurbar cuiflow ia rman is fairly conctant despite the relalively svall
murber of cases he exarined, He found the vpper 1imit to ke at thorae
cic one in every instance, 1F out of 1 sides. 'The lower lizit varied
fror lurbar one to lumbar three, being at lumbar two on 17 out of 1R
gt deg, at lumbar one on two eides, and at lurbar three on the revaining
gide.

A subsequent exarination of hman cadavers by Pick an? Sheehan(?7)
in 19L6 confirmed Sheechan's carlier observations in 1911 that the lirits
of the thoraco~lurbar oviflow in man were usually thoracic one and lurbar
two,

The resulis of this study on human embryos showed that the upper
Jirit of the white rami was at the level of thoracie one on toth gides
of all 23 enbryos nine millimeters crown-rurmp lenpth or lonrer; narely,
on hé out of Lhé sides. The lower limtt showes some variability, teing
at lurbar two on 3% ocut of L6 sides, and at lumbar three on the reraine
inp eight sides.

& c¢lose correlation between the results of the studies of cadavers
and hvwan embryos appears evidents Tn every inctance there is complete
arreenent that the upper 1imit of the white rasil cormunicantes is at
theracic one, Althourdh there are variations in the lower 1imit, it is
apparent that lumbar two predominates in both instences,

Sheehan's{26) pegults on cadavers placed the lower 1lirit of the white
ra~i at lumbar two in £3,39 of the sides examined. Tn huran erbros the

lover 1imit was at lumbar two in 72,67 of the sides, Frow ihis comparie
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son it can be concluded that there is prebably no chanpge in the limite
of the thoraco-lumbar ocutflow once they have Tecome established in
youns embrvos.

¥hile investirating the spinal autono~ic cutflow in eadevers,
Sheehan cxamined the cervical and lover lumbar ventral rocts for {he
presence of small medullated nerve f{ibers. He found these fiters to
te present throushout the cervical and lower lumbar regions, btut they
were not rrovped ‘nteo nerve bundles and were rreatly reduced in quane
tity ss comprred to lheir number within the usual limite of lhe thoracee
Tumbar outflow. He stated that these srall Iibers resembled pregange
lienic svmpathetlic nerves, tut that thelr significance wae ret clear,

Blthough the resulis of thig study on human embriocs and that of
Sheehan on cadavers indicate that the Llwitis of the thoraco-lumbar oute
flow are usvally at thoracic one and lumbar twb, there s a poseibility
that the white rami comrunicantes may be present outside of thesge limits,

™ the series cof embryoe avallable for this study, white rani were
firet cbeerved n iwo embtrvos measuring elx and sly and onewhalf millie
reters crown-rmp lencth. These rani were present in the six »illimeter
embrve from gpinal nerves thoracie Uree throurh theraecic elrbt, inclue
- give, and in the gix and one~half millimeter embrvo frew {Feracic tweo
throuekh thoracic nine, inelusive. Tn the two ine willireter embrvos
examined, the white rami had reached the limits of the thoraco-luvhar
outflow, nemely thoracic one and lunbar two,

Fyven fror these livited data on the early appearance of white ramt
{Takle 1), certain assumptions are sugpected concerning their developrens
tal pattern. Tt is probable thet the carlicst white rad appear in the

midethoracic rerion. As the errve ratures, additional white rari are
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formed by the outerowth of nerve fibers frov ilhe spinal nerves to the
gwmpathetie trunks, and these rari divelop Loth cranially and eandally
from this repion unt’l the limits of the thoraco-lumbar outflow ore

L

reached, ‘ihis prowith pattern of the white rard closely reserbles that
¥ the syrpathetiic trunkes previously ocutlined in this paper.

thile exanining thege human erbrvos to determine the 1irits of the
horaco«lurbar ocutflow, it was observed thalt the srey ra-l alsc made
thelr appearaince in secuence at successive gpinal nerve levele ag the
erbrrog increaged in lenrth, As snificient emlrvos were available in
the ape proup duringe which the rrey rari appeared, a study was wale
te detervine thelr pattern of development.

The rrev rart wade their inltial appearance at the levels of cervie
cal eipht and theracic one in a2 10 rillimeter ewbr-o. Tn the 1 nillie
=eter embrvo that was exarined; rrey remi were found at cervical seven,
hig wae the hirhest level investigated in this project.

™ the early stages of development, the grey rari increased in
nurter slowly, extendins candally only ss far as thoracic [Mve in an
enbrye of 1f rmillimeters. At sbeout this gtage of ertrronic raturation,
a marked change occurred, The rumber of grer ravi increased rapidly
e#s the erbrvosg inereased n lenrth to 20 rillireters, ™ a: 12 millie
meter embryc, & grey ravus was present ss far caudally ag ihorscic iineg
and in both 20 millireter erbrvos the rrey rawi extended mg far as
lymbar three, Tn embrvos loncer than 20 mfllireters, the rate of
appearance of the grey rami again decreased, Tn the 28 »illimeter
erbryve, the most caudal grev ra-! wére at sacral three, and, in the

72 pillireter erbrvo, at sncral [ive,

fn dnvestisation of two embrvos lonrer than 29 rillisctlers crownsrump
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lencth revealed that prey rami could be obrperved belween cervical seven
and sacral five on loth gides of each erlryo. ’These levels enco-pagsed
the vpper and lower lirtis of this study.

flthoueh 1t wae not possible to exarine exbr oz at everv nillimeter
stare between 9 and 3% +illimeters crownervrp length, certain sepecis
of the appearance of the prey rari cowrunicsntes formed a pattern. Tt
was noted that not all of the grey rart prew back Irom the sy pathetic
ganclia to the spinal nerves at one time. The earliest prey ra i, cone
pesed of a few loose nerve Iibers, were found growing back fror Immature
gvmpathetic panglia opposite the elrhth cervical and first thoracie
epinal nervee in an entrye 10 willimeters in length, 4&s the length of
the erbroe increased, the caudal exlension of the rreyv rai appeaved
to oceur at succcssive spinal nerve levels, reaching sacral “ve, the
coevdal 1imit of this study, in a 29 rnillireter erbrio.

TL wae also observed that the caudal extension of the rrey rard
cormunicantes did not take place 2t egually spaced intervals. Thig ob-
servation can be beet 11lustrated bv 2 graph (pape 2L}, which deplets
the relaiionship between the crown-rurp length of an embryo, reasured in
willireters and the prorresgive appearance of the ~rev ra-d corrmunican-
tes at specific spinal nerve levele,

he point at which the rraph bepins shows the sirultarecus appeare
ance of rrey rari at cervical elght an? thoracic one in a 10 rillireter
enbrin, ~After the rraph was plotied, it was noted that ithe curve could
e divided into three secrents, cach repregenting a [Hve willimeter ine
erease in embrronic lenpths 11 throurh 15 willimeters, 17 throuerh 20
millireters, and 21 throurh 2% »i1llimeters, ‘ihese serments are indicated

on the rraph by the lettere 4, ¥, and {; respectlively.
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Tt may be seen that in the 11 through 1F nillineter seetion there
are four new grey rami, fThe next five millimeter division containe 10
new grey ravt. Tn the third five nillimeter division, five rore crey
ravi are present.

Fror there regvlis it le apparent that the cavdal m?tm*:a? on of the
rrey rani communicanter occurved more than twice as rapidly during the
period when the embryos increased in lengih froe 16 throurh 29 ni1lli-
meters as 1t did durine the perfod when the emlrvos increased in length
from 11 through 15 x1llimeters and from 21 through 2¢ millireters.

Tf a larger series of human embrrvos could be examined, 2 rorc come
plete story of the developmental pattern of the cormunicating ramt could

e told.



VIT. SWMEARY AND COUCINSTONS

A ricrosecpic exaination of the erenial and cavdal limits of ihe
white rami communicantes was rade b laterally of serial sections of
31 hvman embryos ranging frowm L to 35 millirelers crownerurp lensth,
The white rami were first noted to be present from thoracic one to
Iumbar twe, inclusive, in two nine ~ill'weter enlrvoe, Tn the 21
erbrrog nine millireters 1 ag or longer, the upper limit of the white
ravl was thorgcic one in every instance., The lower 1irit varied bee
tween lurbar twe and lurbar three, being at lunter iwo, however, in the
larre majority of emirvos,

The regulis of this Investipation werc compared with a sirilar
study made by Shechan(?6) of the Iirdte of the therszeo-lumbar ouniflow
in nine cadavers, and a close correlation of the two studies wae deron-
girated, Tt appears, therefore, that the linite of the therace-lumbar
cutflow do not change cnce they have hecore established in vovne embtrvos,

Two emtryos vere avallable that were voung enouvph to show the white
rant corwunicantes during their process of development, Iven though the
data are lirmited, 1t may be postuleted that white rami probably first
appear in the midethoracic repion and dovelop both caudally and crane
1ally from this region until the limits of the itheraco-lumbar ovtflow
are reached. Further obeervations on certain erucial stares of early
human developrent are needed to svtetantiate these conelusions,

&n analysis of the developmental patiern of the rrev rari corrue
nicantes on both sidee of 23 huran embryves, L te 35 »illireters lorg,
revealed two efegnd eant findiarss

1, The grey rav’ avpeared caudally at svccessive spinal

nerve levels from thoracle one io eacral Tive, as the

26
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evbryos increased in length from 10 to 29 rillireters;
The candal cxtension of the prey rar! did not pro-
tress at an even rate. Vore than twice as wany prey
ranl developed Aurins the period in which the embrvos
inereased from 14 throush 20 millimeters in lencth
as appeared during the 11 throurh 1IF r*lliveter in-
creage and the 21 throurh 2Y rilliveter inerease in

erbryonic lenrth,
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IX, TABLE OF ABBREVIATIONS

WR -~ White raml commandcantes
GR -~ Grey rami commundcantes

8G -- Sympathetic genglia
Sif -~ Spinal nerve



Xe ILLUSTRATIONS

Photomlcvographs of transverse sections of
humsn embryos studied in this research, show-
ing development of ths groy raml commmi-

canton



Figure 1.

PLATE T.

Serdes 12L. A low-power photomicrograph of a trangverse
section through a nine millimeter evbryo showing white
raml {WR) passing from the £ifth thorecic epinnl nerves
(8) to irmature sympathetles ganglia (S8) bilaterally.
No greoy rami are present in this enbryo.

9eries 125. A low-powor megnifiecstion of a transvirse

ction through a nine millimoter embuve 2t the level
of thorecic three showing iwmmature wiite rami {(WR)
sntering clusters of sympethetic neuroblasts that
constitute the sympathetic ganglia (9G). ¥He grey remi
are geon in this embrye.
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PLATE II.

Mgure 3. BSeries 59. A view of a trangsversoe section from a
10 millinmeter embryo showing a white remus (WR)
passing botween the firet thoracle spinal nerve (SN)
end & gympathetie genglion (8G). What are believed
to be & fow nerve fibers of a grey rerme (GR) can be
poen groving back from the gsmglion.

Figare 4. Series 179. A photomicrograph of 2 gection from e
12 nillimeter smbryo showing & white vamus (WR) pase-
ing from the seecond thoracic gpinal nerve (8N) %o o
sympathetic genglion (8G), and & definite grey ramus
{GR) emeprging from the gungiiem.
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PIATE IXII,

Figure 5. Beries 82. A low-powsr megnification of a soction
through a 1/ millimeter ombryo showing & fow fibers
of & groy ramus (GR) approaching the first thorecie
spinal nerve {8R). This eoction does not show 2
widte rams.

Figure 6. Series 249. This photomierograph deplcets & white
ramg (WR) leaving the second thoracic spinal nerve
{(sN), end a grey ramus growing back from the aympa-
thetic ganglion (S0) in a 15 millimeter enhryo.
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Pigure 7.

Pigure 8.

PIATE IV,

Serles 87. This gection from an 12 nillimetor
embrye shows a white ramus (WR) leaving the £ifth
thorasic spinal norve (SH), and 2 grey ramis (GR)
ordginating from the gympathetic ganglion (56).

Series 180. A low-power photomicrogreph from a

trangveraely sectioned 20 millimeter embryo il-

lugtrating the white rami (WR), grey remi (GR),

and gympathetde genglia (SC) bilaterally, at the
level of the fourth thoracic spinal nerve.
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PLATE V.

Figure 9. Serics 234. This section frem 2 20 millimeter en-
bayo shows the vhite remi (WR) and the grey romt
(GR) joining the eighth thorecie spinel nerve (SN)
with 2 gympathetic genglion (SG).

Figure 10. Series 165. A low-power photomicrogreph of a sec-
tion through a 22 millimeter enbryo showing e white
rams (WR) leaving the second thoracic spinal nerve
{s1), ond 2 grey remus (CR) growing back from the
sympathetic ganglion (8G).
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PLATE VI.

Figure 11. Series 246. A low-pouer aegnification of & soc-

tion from a 24 millimater embryo depicting the
firth thorecic spinal nerve (SN), and & grey
rame (OR) leaving the sympathetic ganglion (8G).

Figore 12, Serdes 212, A section from the 26 millimetor
enbryo reveels a white ramus (WR) entering the
aympathetiec gemglion (SG), and a grey remus (GR)
epproaching the ninth thoracie spinal nerve (8H).
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PLATE VII.

Figure 13, Series 7. A trangverse section at the level of
the fourth lumbar nerve from s 29 millimeter embryo
demonstrates the presence of grey rami (GR)
originating from sympathetiec genglia (SG).

Pigure 1. Serdes 174. A white ramus (WR) can be observed
leaving the eighth thoracic spinal nerve (SN),
and a grey ramus (CR) can be seen passing from the
spinal ganglion (SG) back %o the spinal nerve in
this transverse section of & 30 millimeter embryo.






Figure 135.

PLATE VIII.

Series 166. A transverse section taken from o
25 nillimeter embryo depicts the white ramd (WR)
and the grey rami (GR) passing between the third
thoracic spinal nerve (SH) and the gympathotie
m}imq
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