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1.

AN EXPERIMENTAL ANALYSIS OF THE MOTOR CELL COLUMNS IN

THE CERVICAL ENLARGEMENT OF THE SPINAL CORD
IN THE ALBINO RAT.

INTRODUCT ION

The morphological érrangement«of«the motor cells,
into linear columns. has been established by varidus anato-
mists. However, anatomists, heretofore, have not fully in-
terpreted the significence of such an arrangement. There-
fore, this work was undertasken to detefmine‘the confinement
of the motor cells of wvarious nervi plexi brachialis to
gpecific cell columns, and to interpret the possible sig~
nificance of the results of such an analysis.

This work was carried on for two years under the
direction of Dr. G. Ea.Coghill, now of The Wistar Institute
of Anstomy, former;y of the University of Xansas, and con-
tinued under the direction of Dr. H. Ce. Tracy. To them and
to Dr. H. B. Latimer, the author is indebted for valuable
suggestions, criticism, and encouragement given during the

progress of this work.

Literature

A brief statement of previous analyticsl work on
the spinal motor celis is essential to bring out the dif-
ferent views of the various workers on this subject. Accord-
ing to the different authors, thevspinal motor cell columns

are variously supposed to represent limb segments, muscles,
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nerveg, atc. My‘review,of the literaturs reveals that pre-
vious work is not recent, ana}that it is limited to a large
degree to nonfexpefimental observations.

Sano ('97), Merinesco ('98), and Van Gehuchten
('99)3fwgre aariy original workers in this fields Other
authors do not differ materially in opinion from the views
oflthése writeré.

Seno ('97), was the first to attempt an snalysis,
by obsarving chromatolysis of the motor cells in the spinal
cord. He conatrueted 8 scheme in which esch peripharal
muséie hed a definite motor center.

According to Marinesco'('QB). each peripheral nerve
ie represented in a sharply defined motor center.

Van Gehuchten ('99), adveanced the theory that all
museles of a 1imb segmant are represantea in a specific cell
column. This theory is agreed to by his co~workers, among
'whom shoﬁld'he mentiéned De Buck ('98), Nelis (199), ang
Neeff ('00);

Parhon and Goldstein ('01), and Onuf ('89), are of
the opinionlthat muscle groups are represented in ‘the spinal
cord by sharply outlined motor.centers or columns.

| ‘Lapinsky (103), concludes that the motor cell groups
in the spinai cord are not associated with either segments of
fhe extremities, muscles, or nerves. He makes no definite
conclusions as to the meaning of the cell columns.

In my survey of the literature on this subject,

Knappe ('01) is the only one that states, followihg experi-
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mental observation, that the motor cells innervating flexors
and extensors occupy different portions in the spinal cord.
He; however, does not snalyze specific eell célumns, unor
does he essign specific functions to the same.

I find no literature more recent than that of
Lapinsky ('03), on experimentel analysis of the motor cells’

in the spinsl cord employing Wissl degeneration.

Material and Methods

This work has been confined to the cervicsl en-
largement of the spinal cord in the albino rat, Mus nor-
vegioﬁs albinus. This animal submits itﬁelf'favorably to
the necessary experimenﬁation. and ﬁoséesées a dervical en=~
largement which can readily be sectioned serially. TFor all
the experimental phases of this work, albino rats between
the ages of fifty and one hundred days were used. Various
nervi plexi brachislis were cut with the nécessary pre-
cautions ageinst sepsis. Infections were not encountered.
Special precautions were taken in operating, not to injure
structures adjacent to theAnerVG'which'Was cut, and par-
ticularly to avoid trsuma to all muscles, including the
muscles innervated by the resected nerve.

The following nervi plexi brachialis were each
cut in separgte‘animals at the poigt indicated.

The n. redialis was cut posterior to the tendons
of the m. latissimus dorsi and of the m. teres major, at its

entrance bhetween the medisl and lateral heasds of the m.
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triceps brachii.
The n. mediasnus was cut at the inferior border of
the tendon of the m.,péctoralia major.

The n. ulnaris was cut at the point where this nerve
pierces the Saptum intermuscularis medialis. |

" The n. axillaris was severed through an ineision
in the m. deltoideus.

The n. suyragoapularls was severed through asn in-
terval produced between the clavicular portion of the m.
deltoideus and the m. pectcralis major.

Acecess 1o the n.o musculocutaneus was, gained by
lifting the tandon of the m. pectcralia major, and then pass-~
ing a»forceps beneath the tendon, crushing the nerve at the
point Just proximal to that part of its course where it
plerces the m. caraeo~hraéhialis;

The ne thoracalis anterioris was cut through an in-
cigion in the m. pecﬁoralis major‘.

The degeneration, in each case, was allowed t0 pro-
cead from ten to twelve days, which is adequate time for
chromatolysis of the Nissl substance in the motor cells of
the spinal cord of the rat.

The spinel column of chloroformed enimels was re-
moved, and the cord exposed by cuﬁting the vertebrsl laminse.
The whole preparetion was then placed in a smell amount of
Van Gehuchtens fluid. The tissue goon became more rigid and
the spinal cord could be removed with little torsion and

mutilation. This procedure did not interfere with proper
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fization. Van Gehuchtens fluid affords advantages in that

it fixed the whole cord, and decaleified smsll chips of bone
which might have been overlooked., The acetic acid has
special fixative value‘for the Nissl substance, {Hopkins '24),
The whole cervical cord was sectioned serially at ten micrs,
and stained with erythrosin and toludine blue.

The motor cell groups were established by reading
a number of ecervical cord series. The observations were
verified by composite drawings. ‘Thaae composite drawings
were produced by the follewing procedure: The cells of every
tenth section throughout the cervicsl enlargement were drawn
with the aid of a projecting apparatus upon $ransparent trac~
ing c¢loth. The aiffaren§ drawings of each cervical gegment
were then carefuily superimposed upon one another, and the
cells traced into one composite drawing.

Photographs were taken of certsin characteristic
sections of some of the series studied. The photos include
projections of entire sections with a low power objectivs,
and also projections with an 0il immersion lens of the cells
which show chromatolysis. These photos have been a;great

help in verifying my dbservations-

Claggification of Cell Groups and Nomenclature.

The existence of motor cell groups in the mammslien
spinal cord is almost universally sccepted by anstomists.
However, asuthors differ in opinion in regard to the number,

looation, and classification of these cell groups. Waldeyer
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(*88), Kaiser {'91), and Bruce {'0l), are among those who
have done notable work on this subject. Their c¢lassification
is based on general topography of the cell group.

Bruce ('01) in hié manégraph on the motor cells of
2 human cord indiﬁﬁted the following groupings:

medio-anterior
medio-posterior
anterio-latersl
poaterio-lateral
post-posterio~lateral

Waldeyer ('88), gives the following grouping of the
motor cells in the anterior horn of the spinal cord:

med io~anterior

medio-posterior

laterio~anterior

posterio-lateral
His classification of groups was based. on observations made
on the motor cells in the spinsl cord of a gorills and a four
year old infent.

Kaiser ('91), assigns four groupings in man to the
motor cells in the anterior gray horn of the spinal cord in
the cephalad portion of the cervical enlargement. They are
indicated es lateral, accessory, ventrsl, and meaiél. The
lstersel group is divided into four sub-groups. In the lower
cervical enlsargement he gives the following grouping: a.
dorso-lateral group, & ventro-latersl, and a medial groupe.

The dorso-lateral group consists apparently of three sub-
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groups, while the ventro-lateral is divided into two sub-groups.

The c¢lassification aé indicated by these authors
is the one most universally accepted. 'Their'elassification,
however, does not comprise all the cell groups,as analysed
in the rat., In view of this and of a stsiblé:different
presentation of cell groups in different gpecies, the suthof
deems 1t necessary to use another-méthoﬁ to 1hdieatelthe cell
group; therefors, 1atters'aré‘usa& $0 designate the cell
groups in the spinal cord.

The B. N. A. Nomencleture is used wherever possible
in the deseriptive phases of hhisAworka The anafomicalrterms,
ventral or inferior, dorsasl dr-supariar. aéterior or cephalaa,
posterior. or csudal, are empldyea on a compgrative anatemical

basis.
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OBSERVATIONS

A Normsl and a Degenersting Motor Cell

My observation of the characteristic degenerating
nerve_cell is in accord with those of previbus wcrkera. There-
fore, ehromatolysis, as such, need be described only briefly.

Mention must here be made of the valusble studies
of Nicholson ('23). According to his work, the normsl Nissl
substance disappears from the‘cell in & progressive’manner;
this process vaiies with the degree of injury,lthe greater
the injury, the greater the cellﬁlar réadtioﬁ. Chromstolysis
étarts in the bytoplaamic magss and moves toward thé periphery.
The whole ceilbshrinks and the nucleus becomes eccentric,
ﬁoving away from‘the gource of injury, that is, awey from the
axone hillock.

Pigure 15, (a) and (B), are camera lucida drawings
at the same magnification of a characteristic normsl end a
degenerated mofor cell, as they appear in my preparations. In
Figure 15, (A), is given the details of the normal motor cell.
The Nissl bodies ars uniformelly distributed in the cytoplas-
mic mass. A8 to the structure of the individual Nisel bodies
there 1is variation, tut in general they sre larvge, angular,
oytoplesmic aggregates which stain deep blue. BHrythrosin
stains 8ll the cytoplasm uniformly except the basophilic sub-
étmnce.‘,Tha cytoplasm has a reddish-blue appearance. There
is uniformity of the nﬁclear structure. The.nucleua has an

even contour. Within the nucleus there is a large deep-blue
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staining nuoleolus, located near the center of the nuclear
mass. The cell processes stand out prominently.

In Pigure 15,((33. is given the charscteristics of
8 degenerated cell. The whole cell is shrunken, with the
Wissl bodies limited to the periphery of the cytoplasm, and
t0 the region adjacent to the nuclear mambrane. Thé Hissl
substance or bodies are irregularly distributed. They are
not so sbundant and are much smaller than in the normsl cell.
The c¢hromatolytic sres takes & deeper BErythrosin stain than
the aéjacent cytoplasm. fThe chromatolysis includes all of
the cytoplasm except a smail area adjacent to the nuclear and
cellular wall."Thara is\nn uniformity of nuclear structurs.
The nucleus is eecantrid and located in the periphery of the
cell. The nucleolus is smaller than in the normsl snd is

not in the center of the nucleus.

Plexus Brachiaslis

Phe plexus brachislis in the rat is formed from the
anterior rami of the sixth, seventh, eighth, and first tho-
racie nerves, together with s slenaef ramus of the fifth
cervical nerve,

The position of the plexus sppears to be fairly
congtant and uniform in all the cases examinéd. Thevsegmen-
tal nerves eniering into the formation of the plexus
brachiallis first appear between the m. scalenus antiocus and
the m. scalenus medius, under cover of funiculus adiposis

and faseia cervicaslis. The plexus is crossed by the v. jugu-
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laris externa, m. omohyoldeus, and nn. cutaneii. In the

apex of the sxilla, the plexus paésas caudalward, dorsal to
the clavicle. The a. exilleris lies caudal to the plexus
brachialis throughout their doursefinAthé.axilla, never enter=-
ing between the rami of the plexus. Thus, fhere does not
exist in the rat, the three typioal‘fasciculi (medislis,
lateralis, snd posterior) of the plexus brachialis, as in
the human.

The first thoracic and eighth cervical nerves unite
and form a éémmon trunk which upon reeeiving a ramus ffom the
seventh cervical nere, divides into two portions; the most
ventrsl division,dontinues as the n. ulneris and n. medialis,
the dorsal division constitutes the main tributary to the n.
radialis trurnk and receivés rami from thé gixth and seventh
segmental nervéa. The n. axillaris is formed from rami from
the sixth and seventh‘segments. The n. mﬁsculocutaneus is
formed by the sixth &nﬂ seventh cervical nerves. The ﬁ.
thoracodorsalis is given off'frem‘the trunk of the n. radialis.
The n. thoracslis anterioris is derived from the common trunk
of‘the geventh, eighth, and first thoracic segmental nerves;
The ne. suprasoapularis»ié formedvby the common trunk of the
sixth and thé £ifth cervieal nerves.,

The Eigﬁrecék,:fepresents a dissection showing seg-
mental origin ofvindividual nerves of the plexus}brachialis.
The dissection was done under water with the aid of a dis-

secting microscope.
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Anstomy of the Fore-limb lduscles

The anatomy of the fcrelimb musculatura 0f the rat
offers advantagas for the experimental an&lysis of ﬁhe cell
eolumns beeause of the faet thet each group of musoles 13
well defluea both etruaturally and functionally, The muacles
of the arn and fore~arm are mainly aither flaxors or exten~
80TS, The only exception to this arrangement 80 far as my
'observations ahow is in the case of the m. braehioraﬂialis,
which has s combined flaxicn and extension acticn, flexing
the elbow but extendxng the aarpus. The muscles which will
either f£lex or extend the elbow will eonditlon the 8ame ac-
tign upon the carpus.‘ A few mueclea, such asg thavm. triceps
brachi}meﬁialis, may extend the elbow and also the'shbuldérk
if not fixed, and undei similar conditions, the m. biéapa
brachii may flex the elbow end the shoulder.

| The extensors of the' srm and fore-srm predominate
in number snd volume over the flaxorsQ

The shoulder joint is constructed to permit con~
gsiderable movement. The main movements of this joint are ex-
tension and flexion. 'Howe?er, there is gome adduotion, but'
.only é very limited amount of abduction. The sghoulder girdle
muscles are nmainly rotators, functiéning algo in meintaining
the integrity of the seapulae~humaral articulation.

The ulnar humeral articulstion sllows flexion and
extension oﬁly, while the proximsl radial articulation allows

pronsation énd supinstion. However, the two muscles primarily
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involved in this sction are, in principel sction, flexor and
extensor.

The action of muscles was determined by taking Into
consideration muscle mechanics and animal progression. Al-
though mechanically a single miscle is s unit, little can be
aseertéine& as t0 what each muscle contributes in action, to
groupa of muscles. The simﬁleet act is exceedingly involved
and cannot occur without the co-ordination of meny muscles.

The primsery sctions, éxﬁension, flexion, and ad-
duetion, pfeéomimate in progression. Rotation snd abduction
is developed o a lemser degree. Kotation, pronation, and
supination function somewhat in feeding. In the rat; mo st
acts are for progression, héyond which, it is capsble of only
a few.‘ Therefore, I have clagsified the muséles according

to their simple fundamentel action.
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A functional classification of the muscles of the
upper extremity innervated by the nerves which were studied
in this investigation.

Artic.
Flexa;s humeri cubitus -carpus phalenges
m. biceps brechii ® * % | -
m. brachislis - * - =
m. coracobrachialis * - 4 -
m. palmaris longus - * * -
m. flexor digitorum sublimis » 3 %
m. flexor digitorum profundus * * *
me. flexor carpi radialis * * -
m. flexor carpi ulnaris * * -
m. pronator teres ¥ * -
me lumbricales * - *
me deltoideus * - - -
Extensors
m. triceps longus * ® - -
m; triceps lateralis - * . -
m. triceprs medislis - * - -
m. snconeus - * - -
me. epitrochlearis - * - -
m. extensor digitorum communis » * *
m. extensor carpi radialis IL. * * -
m. extensor caerpi radialis B. - ¥ *
m. extensor carpi ulnaris * * *

ms supinsator . * - -



) 11
Ms
me

s

Ms

e

extensor pollicis
extensor indicis
extensor quinti

deltoideus

Rotators
supra scapularis

infra scapularis

Artic.

14.

humeri oubitus carpus phalanges

-

-

*

*

*

*®

*

£ 3



The Motor Cell 001umns

The motor cell columns, as they occur in the various
segment s ai the cervical enlargement in the rat, are indicated
diagramatically in Pigure 1. A brief description of their
‘position and contour will-greatly gdd to the interpretation of
individusl nervi plexus brachialis motor cell'éistribution and
confinement to specific motor cell columns.

‘The c¢ell column C, in the ventrsl hom, is dorso-
lateral in the sixth and the cephalad two-thirds of the
seventh segment; and dorso-medial in the caudal one-third of
the seventh, and in the eighth,and first thoracic segments.
This column, somewhat compressed aorso~vent:a11y, 1s¢uniform
throughout, except for a glight increase in the number of
cells in the eighth segment. However, in one series, an in-
terruption of this column was noted in the éauéallth;rd'of
the sixth segment .

Cell column C', lateral to cell column ¢, is present
‘in the eighth and first thoracic seguﬁen‘!;é. Following a pro--
‘gressfve 1ncreasé there is é rapid decrease in the némber of
cells in the cephalad two-thirds of the first thorscic segment.

The position of cell column D, intermedio-lateral,
‘is ventrsl to cell columns C ana(c'.' This column, containing
the largest number of cells, is uniform in the sixth and

seventh segments, much enlarged in the eighth and cephalad one-
third of the first thorscic segment, but decreases rapidly in
the ocaudal two-thirds of the first thoracic segment. The

general- contour of this column is oval, with its long axis
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disposed horizontally.

‘ The intermedlo-medisl cell column ¥ extends through-
out the sixth, seventh, eighth, and first thoracic segments.
This column is occasionally .interrupted in the sixth and
gseventh segments, but it is persistent in the eighth and
¢ephalad two-thirds of the first thoracic segment.

The position of cell columnvs. ventro-lateral, is
most pronounced in the eaudaliportion'of the sevénth, and
throvghout the eighth and first thoracic segments. However,
it is present intermitiently in the sixth and upper”porﬁ40n
of the seventh segment.

Cell column ¥', adjacent and medial to cell column
S, consiste of only a few cells. Its funciional signifioaﬁce

is not brought out in this work.

The cell columns under consideration in this work
are not present as such, in other segments than thosé mentione
ed, of the cervical and thoracic cord.

In the various series 3tud1éd of the cervieal en- .
largement, but little variation in the motor cell gréups can
be noted. The cell columns in the right snd left anterior
ecornu of the cord sppear bilaterelly symmetrical.

R The shifting of cell column €, dorso-medislly in the
seventh, eighth, and first thoracic segment can be accounted
for by the increased number of cells in this level.

Only the motor cell columns which contain motor cells
innerVating the fore~limb were included in the previous des-

eription.
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The most universally accepted grouping of the motor
cells of the spinal cord is that of Bruce ('01}, ﬁaldeyer
(188), and Kaiser ('91). Therefora, a comparison of their
work with this present analysis of the motor coll groups in
the rat will give the reader a comparétiVe b#sis upon which
to hﬂmologiza the topography and‘claésification of this, an&
jthat of previous contributions on cell groupings.

‘Bruce ('01), illustrated with micra~photographic
plates the motor'cell‘graups of the various segments in a
human cord. In ccmpariﬁg the topography of the cell group
as represented in this woik, with the gfouping of the motor
cells in the iat ag desoribed in this paper; & great degree
of similarity is noted. The importent difference appears o
be that the fat presents t%o groups not indioatea by Bruce
('01); these are groups M and S. As shown by Bruce's figures,
vthere is some evidence thst groups are present in thevanter~'
ior lateral gray cornu of the human cord, not discussed or
figured by him, but which correspond to columns M and S. If
theae*gfoups exigt as such in the human cord, they are ap~
parently in cloger proximity to the intermedio-lateral, or
cell column D, than in the rat. The gioup lateral end in-
feriorvto the post-posterior lateral group in his figures,
perhaps corresponds to the column indicated in this péper as
C', if due account is taken of the possible shifting medially
of the aorso-lateral‘group in the fifth and sixth segments.

The motor cell groups of the spinsl cord as classi-

fied by Waldeyer ('88), do not differ greatly from the cell
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groups as indicated in the figutes of Bruce ('01), which show
& post~poaterio~latera1 group in the cervical enlargement of
the spinal cord. This group is not definitely 1ndica§ed by:‘
Waldeyer ('88). The latter author,'howevar, states that the
posterio~1atera1 group divides into twe or more groups. Per-
“haps one of these groups. would corresyond\to the post-posterio-
lateral groups mentioned in the work of Bruce ('01).

The motor cell groups of the cervical‘anlargament,of
-the spinal cord in men, as indicated in the figares of Kaisér
('91), differ markedly in classifiéation and general topog-
réphy from the grouping of the motor cells mentioned in the
work of the authorsvreferrsd 10 in this pagper.

His classification differs in the same degree from

the motor groups as indicated in this work.
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EXPERIMERTAL ANALYSIS

Hervus Radialis

Specimen One

The distribution of the motor cells in this specimen,
in which the n. radislis was cut, was found to bs as follows:
This radial nerve, Figure 3, presenté its motor cells mainly
in cell eclumné D and C'. There are, however, a few oells in
columns C and M. The motor cells in column D_have,an‘exteh~
sive but definite distribution, cephalo~eaudal;”the cells of
this column first appearing in ‘ﬁhe‘rcaphalad pcrtion of the
sixth segment end extendingvcaudally as faf as the caudal one-
third 6f the first thorascic segment. The nﬁmher‘of cells
gradually incrsases, raachiﬁg e maximum in the ceudel third of
the seventh segment, near the ievel of section 290. Thé in-
creagsed number of cells is méintained to secﬁion 450, which is
located in the caundal portion of the eighth gegment. From
this level caudad, the number of cells rapidly decreases. The
total number of cells in cell column D is 298, of which 50 are
in the sixth, 116 in the seventh, 170 1ﬁ the eighth, and 62 in
the first thoracic segment.

The cellg of this nerve in column C! make their ap=~
peerance in the caudsl third of the eighth segment and extend
through the céphalad third of the first thoracic ségment. The
cells located in the eighth cervical segment are much scatter-
ed. Those'in the first thoracio segment are of regular'dis~

tribution with a pronounced increase followed by a decrease in
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number of cells.
Comparsetively few cells are present in cell column
C and M. The tctalvhnmber 6f cells in column M is 10, of
which 4 are in therseventh‘and,ﬁ are in the eighth segment.
The cells in column C, located in the eighth and
first thoracic seg&eﬁfs, number 14, of which 12 sre in the

seventh segment,“anﬁ 2 in the first thdracic'ségment.
. Specimen Two

The distribution of the motor cells in the spinal
qord in the secohd.specimén studied, Waé esssntially thevsame;
s shown in‘Figure 4. The motor cells in specimen one éxtgnd
over a level of 400 micra more than in specimen two. The
cells in column D, in both specimens, show a cprrespondiﬁg in-
cresse in number in the seventh and eighth»segments.‘lwhé dis=
tfibutioﬁ of the cells in column‘D is more irregulaf thﬁn in
specimen one. Specimen one presents distinet grouping of
motor cells in each segment.

The cellsvin column G, of both specimens, are 1lo-
cated at approximately the ssme level, that 1s, the caudal
one-third of the eighth aid cephalad two-thirds of the first
thoracic segments. The cells are most numeréus in the first
thoracic segment.

The localizat;on of the motor cells in column M is
in the seventh and eighth thoracic segmenis. ‘The comparativé
number of qeils in specimen two is much greater than in spéci~

men one. The sequence of cells in specimen two is uniform,
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first incraaeing and then decreasing in number, while the cells
in this column in specimen cné are few and much scattered.
The comperatively larger number of cells in column M of speci-
men one is an irregularity, which at present cannot be ac-
counted for.
| ‘The motor cells in column C, of both series, are lo-
cated in sﬁeeimen one in the seventh aﬁ& eighth segments, and
in‘specimen_two‘in ths;saventh gsegment, and are of regulér
distribution, but few in number.

The following table\comﬁares. by segments, the num-
ber of cells showing chromatolysis in the various motor

columns in the two specimens.

Cell Cols D Cell Col. C' Cell Col. M Cell Col. C

Specimen - Specimen Specinmen Specimen
One Two One Two One WO One Two

6 C 50 62
7C 116 114 2
8C 170 160 g8 18 4 26 12 5

17 62 70 50 42 6 30 2
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Wervus ledianus

Specimen One

The motor cells showing chrcmatolysis. following the
resection of the n. medianﬁs, confine themeélﬁes, Qith the
,excaption.of six cells in cell column C', entirely to cell
column C, as shown in Pigure H. The cells are located in the
lower two-thirds of the seventh, and in the eighth snd first
thoracic segments. The seventh segment extends to section 436,
the eighth between the levels of section 436 to section 543,
and the first thorascic segment from this level caudalward.

The cells ocour in regular’gequence. presenting only one main
grouping. There is an increase in the number of cells to the
level of section 460, in the cephaladlpcrtion of the eighth
segment; this incresse is maintained to the level of section
556, which is in the middle third of the first thdracic segment.,
From this level caudalward, there is a decrease in the num-

ber of cells per section. Both cephalad and caudal t0 the main
grouping is found a few cells, somewhat scattered.

The sum total of the numbervof cells in cell column
C is 198, of which 20 are in the seventh, 118 in the eighih,
and 60 in the first thoraciec segment.

The six cells in cell columm C' are located in the

seventh and eighth segments.
Specimen Two

Pigure 6, shows the distribution of the motor cells

of the ne. medisnus, in specimen two as compared to specimen
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one. In these there exists a definite mode of distribution
and gonfynement of ¥he motor sells 6o specific cell columns.
The motor cells of the n. medianus in specimen one extended}
over a lsrger segment of the sords

Both specimen ons and two exhibit, in cell column
C, one pronounced grouping., The curve in specimen two is
somewhat more smooth than that of specimen one. The cells
inerease progressively to section 500, This increase isf
maintained to the level of section 560, and from this level
the number of cells per section rapidly decreasges. The cells
in specimen one increase t0 séction 460, and the increased
number of cells is maintained, with irregularities in the
curve, to section 560, from which there ié a gradual decrease.

‘The cells of the median nerves are located in the
caudal two~thirdé‘of the seventh, and in the eighth and first
thoracic segments.

The cells in column C' are located in the eighth
cervical segment. |

The following table compares the number of cells
showing chromatolysis in specimen one and two in the various

spinal segments.

Cell Column C Gell Column G
Specimen ~ Specimen
One Two One Two
7 0 20 16
8 ¢ 118 110 2
17 60 50 4 5
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Nervus Ulnaris

Specimen One

Figure 7, shows the serial distribution of the
motor cells of the ne ulnaris, The motor cells of this
nerve shoving chromatolysis, are located in the caudal two-
‘thirds of the eighth, and in the cephalad two-thirds of the
first thoracic segmentse The eighth cervical segment ex-
tends to section 479, The cells of this nerve are, with the
exception of three calls in column a’.‘axclusively situated |
in cell column C.’ The cells in column C number thirty-five.

'~ Tothing striking is noted in the distribution of
the cells in column C. The‘numbér of cells at first increases
snd then decraaaeé;‘being most numerous from section 466 to
section 490, Of these, 20 are in’the‘eighmh, and 15 are in
the first thoracic segment. The cells in colum € are in

the eighth and first thoracic segments.
Specimen Two

Figure 8, shoﬁs essentially the sams distribution
of the motor cells>as 3pecimen one.’ The number of cellé in’
column € of speeimeﬁ one is élightly'larger. The eéllé in
column C' of apeoimen one extoend over a longer segment of
the cord; the cells in this column are t00 few to mske-a
definite comparison of their distribution.

The following table compares, by segments, the
number of cells showing chromatolysis in the various motor

columns in the two specimens.
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Cell Column C Cell Column C'
Specimen Specimen
One Two One . Two
8 ¢ 20 26 1l 2
17 15 22 2 .6

Nervus Musculocutaneus

Specimen One

Pigure 9, shows the distribution of the motor cells
of the n. musculocutaneus as coﬁfined to column Cs ‘The’sixthﬁ
éagment‘extends %o section 167. The cells presénﬁ two najor
groupingso The first group in the sixth and cephalaa one~
fourth of the SGVQnth‘segmenf; extends from section‘ﬁa'to
section 118, and the second group in.the caﬁdgl one~foufth of
the sixth and seventh segments extends from section 151 to
section 256.

The cells in the first grouprincrease grsgdually,
being most numerous from,sectioﬁ 66 to'section 100. The
number of cells from this section caudal-ward decrease ab~
ruptly. The second group is most pronounced from section 167
to section 230. The totsl number of cells of the n. muscu-
1odutaneaus is 219; of which 108 belong distinctly to the
f;fst group, end 87 to the second group. There are a few
écattered cells 1oeatéd bétwaen thé two_groups and csudally

to the second groups.
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Nervus Thoracelis Anterioris

Specimen One

Pigure 10, shows that the motor cells of the n.
thoracalis snterioris sre most numerous in column S. There
are, however, a few cells in column ¥ and subjJacent to M,Ain
column M'. The motor cells of this nerve are located in the
caudal one-half of the seventh, and in-ﬁhe eighth and first
thoracic segments. The seventh cervicsl segment extends %o
section 455, and the eighth to section 570.

The motor dells)in column S are of regular distrie
bution. Cephalo-caudally, the number of cells first in-
cresses, and then decreases. The cells in column M are con-.
fined to the lower half of the motor distribution of this |
nerve. The cells in column D are scattered. Two 6f these
cells are located in the cephalad pbrtion, end five in the
caudzl portion of the motor distribution of this nerve.

The following table gives the number of motor cells

showing chromatolysis in the various cdlumns.

Cell Col. 8 Cell Cole M Cell Col. D Cell Cole U
7¢C 12 2 ——

8 C 31 4 1 1
17 6 7 4 3
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Nervus Axillsris

Specimen One

The motor cells of the n. axillaris are located in
columns C, D; and M, a8 shown in Figure li. Cephslo-caudally
they first appear in the cephelad third of the éixth cerviqal
~segment, and extend to the caudal third of the seventh cervi-
cal segment. The sixth cervical segmanﬁ ektends to‘the level
of section 138.

The motor cells of this nerve in column M, are lo=-
cated in the‘sixthrana sevenﬁh‘seghanfs."‘mhis distribution
bf,éOtbr cells in this columa extands’from‘séction 51 to sec-
tion 118. The numbér of cells is‘slightly inereaséd in the
level of section 61 to 82 and from section 140 to section 155,

| Column D in this series contains a few‘cells. Three
cells are located in the_cephaiad third of this series, and
thirteen cells are 6istributéa in the caudal fourthAof this
geries.

Column C contains ten cells, eggregated in groups
which sre located in the ceudsl third of the exillary nerve
motor cell distribution.

The following table compares, by segments, the num-
beriof cells showing chromatolysis in the various motor

columns.

Cell 001umn M Cell Column D Cell Column €
6 C 15 3
7 C 17 13 10
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Nervus Suprascapularis

Specimen One

The n. suprascapularis presents on examination of
serial sactions, its motor cells'showing chromatolysis 68X~
clusively in cell column M, as Showa ir Figure 12, The cells
are definitaiy loocated in the caudsl one~third of the fifth
gegment, and in the aixﬁh cervicai segment. The fifth cer-
vical segment extends %o seation 56. |

The cells do not follow a definite sequence, but
are grouped to & minor degree. The first group‘is from gec-
tion 1 to section 56; the second group from seetion 92 to
section 142; and the third group‘from seoction 177 to section
200. An occasional cell is present vetween these groups.

The total number of cells in the fifth cerviqai
segment is 4, and those in the sixth cervical segmeﬁt humber
17.

Specimen Two

Figure 13 aompaies the serial distribution of the
motor eells of specimen 1 and 2 and presents a some-what 0OT=
responding grouping of cells in the sixth cervicel segment
qnd a lesser congruent grouping in the fifth'cervieél segmsnt¢
' The serisl distributicn of the motor cells of specimen 1 and
2 is occssionally interrupted in sequence. The motor cells.
1ﬁ Bpecimen one extend over a level of 40 sections more then

specimen two,



29,

The following table compares, by segments, the
number cf‘calls showing chrometolysis in the various motor

colums in the two specimens.

Ceil Column M

Specimen

One Pwo
5¢ 4 8
6 C 17 25

Ratio of Motor Cells Showing Chromatolysis

to_Normal Cells

This ratio has been quantitatively determined for
the n.’musauloéutanens, ‘Figuraflﬁ represents a smoothed |
curve comparing the serial distribution of chromatolytic and
normal cells in column €, after sectioning the n. musculo=~
cutaneuss This nerve ié the only one, with the exception of
the n. axillaris, in whiéh motor cells are confined to column
C in the level of the sixth and cephelad two-thirds of the
seventh spinel segments. Eighty-three pércenﬁ of the cells
show & Wissl degeneration. As the number of chromatolytic |
cells incresses, the number“of’normal celle also incresses.
Gblumﬁ C is partly interrupted in this series from section
115 to section 149 in the caudal one~third of the sixth
segment.

The full significance of this anatomical feature
rresented here, cannot be agcertained with certainty. Per«

haps not 211 the motor cells react to the sectioning of a
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nervé, or perhaps the non-chromolytic eells are not component
parts of the nerve trunk, having an entirely different mean-
ing; possibly these unaffectea cells are concerned with
association, functioning in muscle co;ordination.

The total number of normal cells is 36.

The +total number ofvdégeherated cells is 199

The cells were not rééd from section 242 caudal-
ward, becsuse of the fadf th&ttsome 6f the motor cells be~-
1onging to the n. mediénus appeared in this series ét this
level., |

York is in progress to determine quantitatively
the ratio of chromatolytic to normal cells of the other

nerves studied in this work.

Segmentsl Localization of the Motor

Cells of Herves Studied

In comparing the segmentsl localization of the
motor cells of the individusl nerves, according to the table
following this description, certain anatomical‘feaiures are
brought into view. First, the motor cells immervating
flexors of the arm are located more cephalad than those‘in-
nervating the flexors of the forearm. Second, the motor cells
innervating musoles>whioh hsve & trunk, axisl, or pectorsl
girdle origin, have an éxtensiVe segment 21 distribution.

The preceading statements are in accord with Sher-
rington's view on spinél localization of 1imb muscleé; and

are bused on the following table, which was consiructed from
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data of this work, to show the segmental localization of the

motor cells of the various narves studied.

N.

N.

Ne

Ne

e

musculecutsneus
6 C
7 € (cephalad two-thirds)
medianus
7 ¢ (caudal one-third)
8 ¢ |
17T
raaialis
6 C
7 C
8 C
1 7
thoracalis anterioris

7 C (caundsl one-half)
8 C
17
supragcapularis
5 ¢ (caudal one-fourth)
6 C
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SUMMARY AND CONCLUSIONS

To cell eolumn*c are donfined ihe motbr cells of the
Ne musculocutaneus, N medlanus, end the ne. ulnaris. There
are, however. a few cellb of the n. medianus and of the n.
ulnaris located in cell column C'. The n. axillaris, also;
has some cells’represenxea.ih this column.

The motor cells of the n. rédialis are, for the
most part, 1dcatea.in ¢cell columms D and’C'.',The n. axil-
laris and the n. fhoraealis anterioris each have a number
of cells in column D.

The n.‘suprascapularis confines its motor cells
entirely to cell columa M. The cell column i also contains
& large percemtage of n. exillaris and the:n,'thoracalis’
anterioris motor celis. Cemparatively“few cells éf the n.
radislis are located in cell columnb i and C.

, In cell column S are 1ocated the largest number of
mo tor cells,of the n. thoracalis anterioris. The funct fonal
significance of this column cannotkat preseht be definitely
stated. Perhaps this column is funetionally correlated with
adduction, . | |

It will be noted that in cell column C are located
the motor cells of ner#es innervating muscles which ére in
prineipal or part, flexors; in cell aolumn D and C' the
motor cells of nerves innervating mubclea which are in prin-
c¢ipal or part, extenbor3° and in cell column i the motor
cells of nerves innervating muscleé which éie in principal

or pasrt, rotators.
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This confinement of motor cells of individusl nerves
into special linear cell columns, which varies directly as the
action of thé nusceles innervated by them, places a funetional
value on the cell columns.

The motor cells of nerves in other cell columns not
correlated directly with the aotion of the museles innervated
by the nérve, may function in muscle co-ordinstion. The
writar-espeéially refers to the motor cells of the n. radialis
1h cell column C end to the motor cells of the n. medisnus in
cell column C'.

I have constructed a scheme, Figure 14, in order to
place emphasis on the functibn&i value strongly indicated in
tﬁis experiméntal analysis. In this figure, cell column C
is tb represent the motor cells functionally correlated with
flexion; columns D and C' those with‘extenSion; and column M,
those with rotatioﬁ; 001umn‘swpropahly is functionally cor-
related with adduction. The functional value of this column
is not fully brought out in the present experimentation.

The homology of this work to that of previoué au-
thors, on the analysis of the motor cell groups, can well be
viewed by comparison.

| Tirst, mention must here be made of the work of
Sano ('89) who constructed a scheme in which éach peripheral
muscle had a definite motor center. This scheme was based on
‘Observations made’on threé human cofds'obtained from autopsy
of men with amputations of the inferior oxtremity, =nd on a

limited number of muscle resections in animels.. The degree
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with which the theory advanced by this author coincides with
the present work cannot be dafinitely stated, as he did not
analyze nerves as é whole.

In the rat, I 40 not find as many cell columns as
there are nmuscles, nor do’I find aé meny cell columns as there
ere groups of muscles in:tha extremities. Externsl differen-
tiation into meny miscles, of course, d0es not necessarily
mean an internsl differentistion of motor centers equeally
numerouss

The theory advanced by Van Gehuchten ('99), and his
co-workers, De Buck (*98), NWelis ('99), and ﬁéeff (100), in
which 1limb segments are confined to specific spinal motor
centers, does not avpear in sccord with my experimental
aralysis. For, sccording to data presented in this work, am-
putation of either the arm or foresrm would produce chroma~i
tolysis of motor cells in various cell columns. However,
flexors gnd'extensors of limb segments m&yvbe‘confined some=~
what to the ssme level in the spinal cord.

According td-the theory of Marinesco {'98), each
peripheral nerve_is represented in a sharply defined motor
center, It is very evident in this an&lysig, that seversl
nerves may be confined to one specific cell column and thsat
the motor cells of s single nerve may be located in wvarious
cell columns, dependant upon the function of the muscle or
muscles innervsied by the nerve.

Parhon and Goldstein ('01), and Onuf ('89), con-

cluded that muscle groups are represented in the spinal éord
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by sharply outlined motor centers or columns. Their conten-
tions coincide somewhat with'thése of Sano- ('89), in which
each peripheral muécie hss 8 defiﬁite‘spinal localization.

In view of the present analysis, thefmotbr cells of a single
group of muscles may be confined to one cell column or several,
depending on the action of the muscles involved.

.Knappa (’Dl), following experiment sl énalysis.
definitely states that the motor cells inmervating flexors
and those innérvafing exténsora occupy differant positions
in the spinal cord. Thare is s similarity in'hisland’the'
present work, in that a funéiional segrsgation of the motor
cells is morely indicated by his data. He, however, does not
analyze specific cell columns, nor aoes he éssign specific
function to the seme.

The part that the funciional motor cell column, as
enalyzed, contributes to thevvolitional and reflex movements
cannot be definitely ascertained. Activation of motor im-
pulses, pérhaps‘is facilitatea byvlinéar confinement of the
motor cells into.specific ceiumns. Such’an arrangement may
be necessary for & high gradient of’a physiological act, in
which voluntery and reflex of the vistibular, visual, and

auditory impulses, find eﬁpreséion.
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Figure 1.
A disgrammatic presentation
of the cell groups in the cervical en-

largement of the SPinal cord in the
glbino rat.
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~Pigure 2.

Photograph of a drawing made

brachislise.
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Figure 3.

The serial distribution and con-
finement in specific cell’eclﬁmns 0of the
mdtor celis of the hervus radialis, in
specimen-cnef Four verticsl one~-tenth inch

squares is a unit for one degenerating

motor cell. Each horizontsl one-tenth inch

square represents one section of the series.
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Figure 4.

The serial distribution snd con-
finement in specific cell columns of the
motor cells of the ﬁervus iadialis, in
specimen oné and spaéimen‘two. The curves
are plotted to the sums of the motbr.cells
which show chromstolysis in every twenty

gsections.
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R igure B.

' The serial distribution and con=-

- finement in specifiq cell columns of the

motor cells of the nervus mediasnus, in
specimen one. PFour verticsl one-tenth inch
squsfes is a unit for one degenersting
motor cell. ZEach horizontal one-tenth inch

square represents one section of the series.
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Figure 6{'

The serisl distribution and con-
finement in specific cell columns of the |
motor'cell,s of the n'arvus medianus, in
specimen o_ne ‘and‘ specimen two. ?ﬁe curves
are plotted to the sums of the motor cells
which show “chramatolysis in every twenty

sections.



: . s mEREEEE
T ! =3 = S
S38at cescsases Q . o SEsssst tasseassst
EAH SRR R R RS i s t i 1 Q) 0
....... T SSEasanans suumsEE :
b SESEENEES! IEEESE S G SR :

Sp
|
kR
|
E
dd
44
H
H
H

{
44
!
i
!
|

i
+ i
! R M
i +4 4 4 ‘e |
' .. .. - 4
w 4t - i
} vad <+ H
1S B u: 1 |
: I BEEEERESE ' |
T SEB !
: IBEEnEN - '
4 gt . 3142 ﬁ
- .. e 4 - - 4
' BEEBERS ! T |
I EREREENE EEEEEEE g |
..... Y EB RS RN
- . v+ D » e
3 T £L % )
s EBEEEENE
- TH2EDEEE *
! & R B !
44 1
e
1880 u N
1 —4—+
<
$ k-4 1 i

+

444

Wf

+ 1+
BERELL
BEEERI
S

1 1

SRS 1
H 1

1 T

T
JIITTITEY

IZOENEENS S RNNETNE R




44,

Figure 7.
The serial distribution and con~

finement in specific cell columns of the

motor cells of the nervus ulnaris, in

specimen one. Four vertical one-tenth inch
squares is a unit for one degenerating
motor cell. Kach horizontsl one-tenth inch

square represents one section of the series.
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Pigure 8.

The serial distribution and con-
finement in epecific cell columns of the
motor cells of the nervus ulnaris, in
specimen one and specimen‘twé. The curves
are plotted to the sums of the motor cells

which show chromatolysis in every twenty

sections.
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?igura 9

. The serialldistribution and con-
finement in specific'éeil columns of the
motor‘cells of the nervus muéculooufaneus,
in‘spééimen one., Four vertical one-tenth
inch squares in a unit for one degenerating
motor cell, Each horizontsl one-tenth inch

square represents one section of the series.
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Figure 10,

The serial distribution and con-
finement in specific cell columns of the
motor cells ofﬂthe'nervus thoracalis an-
terioris, in specimen one. Four vertical
one-tenth inch squeres is a unit for one
degenerating motor cell. Each horizontal
one~-tenth inch square represents one sec-

| tion of the serises.
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"Figure 1ll.

The seriel distribution and con-
finement'in specific cell columns of the
motor cells of the nervus axillaeris, in
specimeh'onep Four vertiqai one-tenth inch
squares 1is s unit;fer,one degenerating .
motor cell. Each horizqntél one-tenth inch

square represents one section of the serises.
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Figure 12,

The serial distridbution and con-
finement in specific cell columns of the
motor cells of the nefvus suprascapularis,
in specimen one. Four verticsl one-tenth
inch squares is & unit for one degenerat-
ing motor cell., Each'horizoﬁtal one-tenth
inch square repreSents‘dne gsection of the

series,
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Figure 13,
The serial diStribution and con-
finement in specific cell columns of the’

motor cells of the nervus suprascapularis,

in specimen one sand specimen two.  The

curves are plotted to the sums of the
motor cellg which show chromatolysis in

every twenty sections.
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Pigure 1l4.

4 schematic pressntation of the
indicated funcﬁioﬁal value of the motor
cell columns in the cervicél_enlargement

of the épinal cord in the albino rat.
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Figure 15.

Normal and'Degenerating iiotor Cell,

B ~-=«~=e--- Degenerati ing
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Pigure 16,

The ratio of motor cells showing
chromatolysis to normsl motor cells, in
cell column C, follo@iﬁg resection of the
nervus musculocutancus. The unbroken line
represents the motor cells which show
chromatolysis, &and ié plotted to the sums
of these motor cells in évery ten sections.
The dotted line represents the normsal
motor cells, and is Ploﬁted to the sams:of

these motor cells in every ten sections.



.

820 240 260

20 40 60

| i :

. c y .
..... O : A
2§ 9

238
26 2




b4.

Figure 17.

Micro-photographs of sections in
some of the series studied, presenxing motdr
cells showing chromatolysis, following nerve

resection.

A m=nwawees Jervus radialis
B =ecemews- Norvus medianus

 ~wmew-w-- Nervus ulnaris








