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Figure 2

A diagrammatic cross-section through the lower-lumbar

region of the cat

The dotted line represents the path taken for a

retro-peritoneal approach to lumbo-sacral sympathectomy,



X is an incision —

latissimus dorsi m.

superficial fat
skin
fot vertebral column
spinal cord
superficial abdominal
muscles
SYMPATHETIC
GANGLION L6
vena cava
dorsal aorta
deep abdominal
muscle
PERITONEUM
Rlc;o";Tmf'i'r"‘J.ﬁ LEFT SIDE
of animal




Figure 3a

spinal nerve

The dorsal root ganglion sits in a 'gutter'
formed by the ventral root, If root checks
are made on longitudinal sections, uncut
motor nerve fibres (dotted area) are not
recognizable as such unless the roots are
sectioned along the plane represented by

the line A-B,



perineurium

dorsal roet ganglion




Figure 3b

Transverse section of an L7 spinal nerve of a cat

During laminectomy, a small fascicle of motor nerve
fibres was. left intact, In transverse section they
are clearly éeen outside the limits of the dorsal
root perineurium (as illustrated in the diagram

Fig, 3a). They can be traced throughout the

serial sections of the spinal nerve, from the

point at which they leave the cord, to the point

at which they enter the mixed nerve,

(10 p section : Holmes silver method)






Figure 4

cat in transverse section

A, Deliberately damaged L7 dorsal-root ganglion (Q 201),
The perineurium (peri,) of the dorsal root is broken
and an area of scar tissue (sc,t,) has formed,
Damaged and degenerating afferent nerve fibres
and cell bodies (d, aff,) can be seen within
the scar region,

in..aff. - intact afferent nerve fibres
and cell bodies,

(10 p section : Holmes silver method)






Figure 4 (cont.,)

B., An accidentally damaged Si dorsal-root ganglion,
Scar tissue (sc,t,) and degenerating afferent
nerve fibres (d, aff,) are present at the edge
of the ganglion,

in. aff, - intact afferent nerve fibres

and cell bodies,

(10 p section : Holmes silver method)






C.

Figure 4 (cont,)

Undamaged dorsal root ganglion, All of the
degenerating nerve fibres (d,f,) and scar
tissue (sc,t,) are outside of the intact
dorsal root perineurium (peri,), and are

the result of complete motor root section,

(10 u section : Holmes silver method)






Figure 5

A muscle spindle without any nerve fibre innervation

As a result of damage during ventral root section

to ;fferent nerve fibre cell bodies present in the
Aventral root, the muscle spindle is totally deprived

of any nerve fibre innervation, This was the only
example found in this muscle (tibialis posterior C213)

of total denervation of a proprioceptor, The tendon
organ is-supplied by a Ib fibre (C213), De-efferénta£éd
and sympathectomized tibialis posterior muscle;

modified de Castro impregnation,
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Figure 10

three muscle nerves

A, tibialis posterior - &4 nerves (cats 223, 228, 234, 235)

B, peroneus I - 3 nerves (cats 223, 228, 234)

C. peroneus III - 1 nerve (cat 234)

Weigert-Pal technique (Williams & Wendell-Smith 1960) :

5 o sections
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Figure 11

Transverse section of a muscle nerve impregnated

with silver (Holmes method)

n,my, - non-myelinated axons in a Schwann-cell bundle

d,d, - degenerated motor and sympathetic nerve-fibre
debris
my, - axons of myelinated nerve fibres

my,h. - myelin 'halo'

(C228 tibialis posterior nerve 8 o transverse section)







Figure 12

Non-myelinated sensory axons in Schwann-cell bundles

a, Transverse section of a muscle nerve
(C213, de-efferentated and sympathectomized
tibialis posterior nerve, Hdmes silver method,

8 Ju section)

b, Teased vascular nerve trunk
(C223, de-efferentated and sympathectomized
extensor digitorum longus muscle, de Castro

silver impregnation)
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Figure 15

Schwann-cell nucleus region of a small-myelinated

(Group III) sensory nerve fibre

(C234, de-efferentated and sympathectomized
tibialis posterior nerve; Reynolds (1963)

lead-citrate method)
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Figure 19

An illustration of the histological methods

employed to obtain quantitative data of the

sensory component of muscle nerves

The data in the illustration are from the tibialis
postérior nerve of €235 (130 myelinated; 261 non-
myelinated) and the peroneus III nerve of C234
(67 myelinated; the non-myelinated data in the

remainder of the illustration)
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Light microscopy
Weigert - Pal method
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Electron microscopy
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Light microscopy
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30 22 1
m 1 16




Figure 20

A comparison between sensory non-myelinated axon

diameter spectra of a muscle nerve and dorsal roots

A,

Diameter spectrum of 357 non-myelinated sensory
axons from the tibialis posterior nerves of
C234 and C235; 90% of the axons lie within

the 0,15 p to 0,60 o diameter range and

have a peak at 0,35 p

Diameter spectrum of 1,941 non-myelinéted sensory
axons from the Ly and Sj dorsal roots of the cat
(histogram construction of Gasser's data J,gen,
physiol, vol,38, 1954-55, p,721) 96% of the
axons lie within the 0,15 p to 0,65 p diameter

range and have a peak between 0,20 p and 0,35 p
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Figure 22

The deposition of fat cells along nerve

trunks and in association with the

blood system

(de Castro silver impregnation)







Fig, 23
Part of intramuscular nerve
Ttree'

(de Castro impregnation, /”//

de-efferentated & sympathectomized c
|

N

cat peroneus muscle)

inframuscular nerve trunk

arteriole

exirafusal muscle fibres

2
tendon organ //

anastomosis

—
300u







Fig., 24
Part of vascular nerve
network
(de Castro impregnation,
de-efferentated & sympathectomized

“\\\ cat peroneus muscle)
\

nerve trunk anastomosis

vascular nerve trunks

nerve trunk
anastomosis

f

- venule

')

/ arteriole

e |
300







Figure 25

A diagrammatic representation of the disposition

in muscles of the nerve trunks (both intramuscular

and vascular) and blood vessels

A, , - artery

a, - arteriole

a.,v.b,. - arterio-venular bridge
CoN, - capillary network

€ePe - epimysium

ex,m,f, - extrafusal muscle fibres

f. - fat cells

fas, -~ fascia

I.n,t, - intramuscular nerve trunk
M.n; - muscle nerve

P. - perimysium

t. - tendon

V. - vein

Ve - venule

Ven,t, - wvascular nerve trunk

V.p. - wvascular plexus







Figure 26

Muscle-spindle primary and secondary endings

ade

Ce

€,

Tight coils of the primary ending around

the intrafusal muscle fibres

S1 secondary ending with tight coils

mainly around the nuclear-chain fibres

Tightly

loosely

Loosely
endings
Loosely

endings

coiled S1
coiled S2

coiled S2

coiled 83

secondary and more
secondary

and S3 secondary

and S4 secondary

A loosely coiled S5 secondary ending

with a 3,5 p (2,5 p) parent fibre

(All spindles from teased de Castro

impregnated muscles of cat hindlimb)
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a.

Co

Figure 31

Free ramifying terminals in the capsule of a

tendon organ

(C213, de-efferentated and sympathectomized tibialis
anterior muscle; de Castro silver impregnation)

Free ramifyving terminals in tendon tissue

close to a tendon organ

The 1,5 P fibre runs with the Ib fibre across the
tendon organ and then divides repeatedly to produce
free terminals in the tendon tissue (Cl60, normal
flexor digitorum brevis muscle, de Castro impregnation)

Free ramifying terminals in tendon organ capsule

(Rb, 41; normal peroneus I muscle; de Castro

silver impregnation)

Ib - tendon organ inmervation

ex,m,£f, - extrafusal muscle fibres

f.t. - free terminals

int.n,.t, - intramuscular nerve trunk
T - tendon

t.o, - tendon organ
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Fig.34

] 12-0u(8-54)

Innervation of 8 paciniform corpusciles
by a 12.0 u parent fibre (de Castro

impregnation: de-afferentated &

sympathectomized cat extensor digitorum : 7'5P(5'5P) f IO'OP(7'0P)
longus muscle)

Diameter of nerve fibres in large

diagram not to scale .

100).1

polar end of a
muscle spindle

tendon organ
without 1B
innervation

00}

10-0p(7-0p)

5-5u (4-0p)
. 35p(2:5p) ,

3525 100u
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Figure 36

The form of the free ending

Simple ending with two terminal ramifications

Intermediate ending with three terminal ramifications

The same as b, illustrating the terminal node (t,n,)

with subsequent naked axons that are the terminal
ramifications (see Fig,37)

my, - myelin sheath

end, - endoneural tube

Complex ending with six Eerminal ramifications

(a detailed tracing of this ending is illustrated

in Fig,41)

(de-efferentated and sympathectomized cat hindlimb

muscle; de Castro silver impregnation)
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Figure 38

Nodal free endings

Simple type, with terminals in connective
tissue (c.t,)

Simple type, with terminals associated with
blood-vessel adventitia (b,v,)

Intermediate type: omne of the three terminals
remains in the small vascular nerve trunk
along which it travels in the opposite
direction to the myelinated parent fibre

Cote - connective tissue

b.,vea, - blood-vessel adventitia

Complex type: five terminals are produced
from the 3,0 p parent fibre and are associated
with blood-vessel adventitia (b,v,), fat cells

(f.c.) connective tissue, and nerve trunk perineurium

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)







a.

Figure 39
Terminal free endings
Complex type

Intermediate type

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)







Figure 39 (Cont,)

Terminal free endings

¢, Complex type
d, Complex type

e, Simple type

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

impregnation)
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Figure 42

Ramifications of terminal endings from the same

myelinated parent fibre

b, A ramification in blood-vessel adventitia
a, Ramifications in connective tissue and

around fat cells

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)







Figure 43

The relationship between the ramifications

illustrated in Figure 42a and b

Both endings with ramifications at a, and b, are
Aerived.from the same 5.5 p (4,0 p) parent fibre
in the small vascular nerve trunk, The position
of the terminal nodes is indicated (t,n,). The
distance between a, and b, is approximately O,8mm,
The distance between a, and the ramification in
blood-vessel adventitia (top right of figure) and
also derived from the same parent fibre,is

approximately 1,5mm,

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)







Figure 44

Free endings of Group IV sensory axons

a, Ramifications in connective tissue close to a

small intramuscular nerve trunk (I,n.t,)

b, Ramifications in arteriole adventitia (a.a,)
a, - arteriole

Sc.,b,- Schwann bundle

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)
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Figure 46

The intramuscular course of a Gyoup LI sensory fibre

and its free ending terminal ramifications in the

muscle

The terminal ramifications occur in connective
tissue (ct,t,) and among fat cells (£f,t,)
The terminals among the fat cells are illustrated

in greater detail in Figure 35b

(de-efferentated and sympathectomized cat
hindlimb muscle; de Castro silver

impregnation)







Figure 47

The intramuscular course of a Group III sensory fibre

and its free ending terminal ramifications in the

muscle

The terminal ramifications occur in connective

tissue (ct,t,)

(de-efferentated and sympathectomized
cat hindlimb muscle; de Castro

silver impregnation)
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Figure 53

A schematic representation of the sensory innervation

of cat skeletal muscle

Ia
Ib
II
III

sensory-fibre Group at nerve entry

arteriole

blood-vessel adventitia
connective tissue (perimysium)
epimysium

extrafusal muscle fibres

fat deposits

free-ending ramifications
primary ending

paciniform corpuscle

secondary endings

muscle spindle
tendon organ

venule







Figure 54

A slightly modified version of Melzack & Wall's (1965)

original figure,

T - first central transmission cells
sg - substantia gelatinosa
+ - excitation

- - inhibition
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| | 1965

A

ACTION SYSTEM

—>
/ |
CENTRAL - -\ GATE CONTROL
CONTROL SYSTEM
'
| e—
-
Large nerve Small nerve

fibres fibres



Figure 55

Cutaneous and muscle sensory input to the pain gate

control system

A modified version of Melzack & Wall's (1965) original

figure,
T - first central transmission cells
sg - substantia gelatinosa
+ - excitation

- - 1inhibition
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