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THE LUMBO-SACRAL PLEXUS. 635

tie the root filaments down, and this plan requires considerable care in
avoiding damage to the root filaments. The cnna?ecf;ive tissue threads
hinder the easy travelling of the loop, and it is better, because
involving less risk of damage to the nerve fibres of _the root bundles,
to separate and follow up the bundles with a little polished met?l hook.
When followed to the point of their origin from the cord isolated
bundles of rootlets five and six centimetres long are easily obtainable:
these ligated, cut by the scissors and with their upper ends lifted well
out of the canal drawn between the points of platinum electrodes were
employed for stimulation.

To stimulate the anterior roots of the upper lumbar nerves it is well
to excise a sufficient length of the cord, carefully preserving the
anterior rootlets, and to follow at the risk of a little haeemorrhage the
root in its dural sheath for a short distance through the intervertebral
foramen, otherwise the roots are too short to stimulate without risk of
escape of current.

For excitation induction shocks in rapid series from the sledge
inductorium (R. Ewald’s pattern) were employed, The secondary coil
was usually at a distance from the primary more than double of that at
which the induced currents were perceptible on applying the platinum
electrodes to the tongue. In the primary ecircuit a single 1 pint
Daniell cell was used.

In many instances the spinal root to be investigated was excited
from the cortex cerebri, the root being previously isolated by section of
the spinal roots adjacent to it.

In the course of the experiments it became clear that frequency
of individual variation, as regards the anatomical and physiological
constitution of the efferent roots of the lumbo-sacral region, is suffici-
ently great to demand the recognition of a forward and a hindward
class innervation for each muscle and each movement. There is a
Jorward class of individuals in which the roots connected with the
muscles and the movements lie further forward (headward) than do the
roots connected with the same muscles and the same movements in a
hindward type of innervation. Since reference to this distinction must
constantly recur in this paper and is of fundamental importance for
appreciation of the problems involved, it seems well to avoid periphrasis
and misunderstanding by using in reference to it special terms. A
plexus and its trunks and branches will therefore be referred to as
prefized if containing spinal root-filaments attached to the cord further
forward (headward) than are the root-filaments entering the correspond-
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THE LUMBO-SACRAL PLEXUS. 713

tracing of nerve-bundles along main trunks as was actually accomplished
by Herringham, _

It is clear that through the plexus definite aggregations of nerve-
fibres for definite natural groups of motile and sensitive parts are
structurally combined, but the nerve trunks of adjacent somites fuse
when the other elements of the somites fuse, and the nerve plexuses
may be only one more indication that in the limbs adjacent somites
commingle more than do adjacent somites in other portions of the
body. The combination of nerve trunks in the plexuses would therefore
be but the outcome of the anatomical conditions of the parts. The
attribution to them of this anatomical significance does not at all deny
a physiological element to their ontogeny. I would be the last to deny
a physiological moment in the structural development of the limb.

From the anatomical side, two views of the formation of the limb
plexuses are possible. Gegenbaur, Fiirbringer, Davidoff and
Rosenberg consider the formation of a plexus to be best explicable as
the result of shifting of the position of the limb along the spinal axis.
As the limb shifts it retains its own nerve-roots and comes into connec-
tion with others. In that way the long nervus collector of the skates
and ganoids is believed to epitomise the steps of backward travel by the
pelvic girdle. But Dohrn and Wiedersheim hold that the Selachian
fin originated in the meeting of a number of primitive rays and that as
the fin became narrowed at its attached base the spinal nerves proper
to it passing through the constricted base came to be more or less fused
together,

I here touch upon this question of the ontogeny of the limb plexuses
because it bears on the further question of whether a physiological or
functional significance as well as an anatomical is to be attached to the
distribution of the anterior nerve-roots entering the limbs.

With the anterior spinal roots the case is different from that of the
nerve-cords of a plexus. To the former a morphological meaning
cannot be refused ; for the latter a morphological meaning may be less
cIex.ar, and, as mentioned above, some writers have denied it. But the
belief that a physiological meaning is to be attached to the formation
of nerve-cords by the roots of a plexus, and that by that means the
various muscles which are known to act together in certain movements
are hrm_:.ght together under the dominion of one nerve-root, presupposes
a+m-:a'an1n‘g physimlﬂgiml as well as anatomical attaching to the motor
distribution of the fibres of the individual spinal nerve-roots themselves.
It presupposes and implies that the aggregation of fibres in an anterior


















THE LUMBO-SACRAL PLEXUS. 719

the central end of a filament of the dorsal (posterior) root of the Sth or
9th spinal nerve be similarly excited a movement in the foot is produced
which usually consists in simple adduction and opposition of the hallux
with some flexion of it, but with no movement in the other digits at all,
If instead of a filament of the dorsal (posterior) root in question the whole
root be taken a similar result is obtained, and with a weaker current.
A most intimate commingling of the efferent fibres to the intrinsic
muscles of the foot must therefore exist along their line of outflow from
the cord. Fibres for the most posterior and anterior individual muscles -
must coexist in the same root-bundles side by side. Isolated action of
a single digit, e.g. hallux, is thus difficult or impossible to obtain by
direct excitation of competent strength applied to efferent nerve
roots, isolation by anatomical means of the filaments in the motor
roots not leading to isolation of sets of efferent fibres for definite
functional movements. But isolated action of a single digif, eg.
hallux, may be readily obtained by appropriate excitation of afferent
roots of the cord, even when excited in such considerable bulk as for
instance the entire dorsal root of a large spinal nerve like the 8th or
Tth subthoracic of Macacus. Moreover a not inconsiderable range of
strength of stimulus applied to the central end of the dorsal (afferent)
division of the spinal root will evoke simply flexion and opposition of
the hallux without movement of the other digits, whereas it is some-
what difficult to find for any motor root or root-filament a particular
piteh of excitation which will cause movement of one digit without
contemporary movement of others; sometimes in the efferent roots
I have not succeeded in finding any strength of stimulus which
will give movement of one digit without movement of the others as
well, but it is generally possible with patience to do so, and sometimes
the ha]h}x 15 the digit which is earliest to reply on gradually bringing
f.he excitation from below minimal up to the minimal point, The
mnference from the experiments I take to be that the spinal
mechlauism for individual movement of any such one part of
the 11111!3 as a single digit is so distributed in space that the
anatomical arrangement of the efferent fibres debouching
glaarl:;;nﬂt; :he sgin:l roots does not allow in any one root-
e &npier ec f retpresentatlun.t}f the one mmn;jmeut,
i mg?emau“ﬂl};er ect representation of EE‘..?EI'H.I adjacent
: ough not for each equally imperfect.
evidiﬁin}r }]?:ttfse n]':th{:d of minimal Excita.tic.-n I have failed to find
ovement produced by a single efferent root is in
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