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INTRODUCTION
It is the purpose of this study to determine the caliber spectra
of the myelohyoid, inferior alveolar, lingual, and mandibular nerves
in the cat, and also to provide more data on the spectra of the trigeminal nerve root in this animal.
Several studies have been performed in the past regarding caliber
spectra of the trigeminal nerve and some of its branches. (Table 1).
Koch '16 studied the caliber spectrum of the trigeminal root in both
the dog and cat, and discovered a bimodal spectrum with essentially
similar peaks.

Sjogvist '38 and Fujii '59 studied the portio major

of the human and monkey respectively and found bimodal caliber spectra
with identical peak size.

Wasano '62 and Fujii '59 studied the caliber

spectrum of the portio minor in monkeys and again results of these
two studies were essentially identical.
Fujii 159 studied the caliber spectra of the mandibular division
in the monkey and found a trimodal spectrum with peaks at 4-5, 8-9,
and 12-13.

No study could be found in the literature dealing

specifically with the mandibular division and its branches in the
cat.
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METHODS
Studies were carried out on six adult cats anesthetized with
pentobarbital and exsanguinated by cutting the abdominal aorta.
head was profused with 10 per cent

Fo~alin

The

after removal of the skin

and masseter and temporalis muscles to facilitate penetration with the
Formalin.

After 24 hours, the nerves to be studied were removed and

placed in a 4.8% solution of Potassium Dichromate for seven days.
The nerves were then imbedded and sectioned at 5 microns.

These sec-

tions were then stained with Sudall Black B in Propylelle Glycol.
Photomicrographs uSillg a red filter were taken of the nerve
sections.

The fillal magllification of the enlarged prints was approx-

imately 2300 times.
measured and coullted.

A montage of each nerve was composed and fibers
All measurements are the outside diameters of

myelin sheaths, and were determined by use of calipers.

The technic

used did not permit the identification of non-myelinated fibers.
RESULTS
Myelohyoid Nerve
The mye1ohyoid nerve in the cat is a small nerve arranged in a
single fiber bundle.

Fiber counts were made at the point on the nerve

behind the angle of the mandible 5.0 mm. distal to its separation from
a common bundle with the inferior alveolar nerve.

(Figure 1).

The total number of fibers ranged from 350 fibers to 632 fibers
with an average fiber number in six animals of 475 fibers.

The fibers

ranged from 1-18 microns in diameter; the average caliber spectrum
(Fibure 2) was bimodal with peaks at 2-4 microns, and at 8-10 microns.
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Inferior Alveolar Nerve
This nerve presents as a single fiber bundle with no separations
into fascicles.

Fiber counts were made at

~

point on the nerve be-

hind the angle of the mandible 5.0 mm. distal to its separation from
a common bundle with the myelohyoid nerve. (Figure 1).

The total

number of fibers ranged from 3,658 to 4,162 with an average of 3,901.
The fibers ranged from.lr18.microns in diameter.

The average caliber

spectrum (Figure 2) shows this nerve to be bimodal with peaks at 2-4
microns and at 6-8 microns.
Lingual Nerve
This nerve presents as a single fiber bundle without fascicles.
Fiber counts were made at a point on the nerve immediately proximal
to where it is joined by the chorda tympani nerve.

(Figure 1).

The

total number of fibers ranged from 1500 to 2,426 with an average of
1,953.

Fibers ranged from 1-14 microns in diameter with an average

caliber spectrum which was bimodal with peaks at 2-4 microns and at
6-8 microns.
Portio Minor
The Portio Minor was observed to be composed of 4-5 loosely
arranged fascicles of approximately 600 fibers each.

Fiber counts

were made 2.0 mm. distal to the nerve!s exit from the brain stem.
The total number of fibers ranged from 2,780 to 3,365 with an average
of 3,024.

Fibers ranged in diameter from 5-21 microns with an average

caliber spectrum which was bimodal with peaks at 2-4 microns and at
8-10 microns.
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Mandibular

Nerve

The fibers of the motor root of the trigeminal nerve were observed to remain close to the periphery of the mandibular nerve at its
posteroinferior edge where they are conspicuous because of their relatively greater fiber diameters.
counts of the mandibular nerve.

These fibers are included in fiber
Fiber counts were made at a point

on the nerve immediately proximal to its exit through the foramen
ovale.

The total number of fibers ranged from 9,310 to 11,630 with

an average of 9,750.

The fibers ranged in diameter from 1-20 microns

and the average caliber spectrum was trimodal with peaks at 2-4,
6-8, and 14-16 microns.
Portio Major
The Portio Major consisted of numerous fascicles of 750-1000
fibers.

Fiber counts were made on the nerve 2.0 mm. distal to its

exit from the pons.

The total number of fibers ranged from 24,000 to

28,000 with an average of 27,000.

Fibers ranged in diameter from

1-16 microns and showed a bimodal caliber spectrum with peaks at
1-2 microns and 8-10 microns.
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DISCUSSION
The trigeminal nerve root and the typical spinal nerve roots are
quite dissimilar as far as their caliber spectra are concerned.

The

sensory root of the spinal nerve has been shown by Rexed and Therman

('48) and Lloyd and Chang ('48) to be bimodal in the cat, with peaks
at 2-3 microns, and at 12+ microns.

The caliber spectrum of the

sensory root of the trigeminal nerve in the same animal as observed
in this study, shows a bimodal distribution with peaks at 1-2 microns
and at 8-10 microns, with very few fibers over 10 microns.

Sjogvist

('38), in humans and Fujii ('59) in monkeys, observed a similar
pattern.
The ventral root of the typical spinal nerve shows a bimodal
caliber spectrum in the cat (Rexed '44, and Rexed and Therman '48),
with peaks at 4-5 and at 11-13 microns with range of 2-17 microns.
In this study, the motor root of the trigeminal nerve has been observed to be bimodal with peaks at 2-4 microns and 8-10 microns, a
range of 5-21 microns with an extremely large percenb.agf!;.',! of the fibers possessing a diameter larger than 8 microns, the bulk between
10-18 microns.

The caliber spectra for spinal ventral roots do not

show this shift to the right along the spectrum, but rather show an
almost equal distribution around the two peaks.
Why should these developmentally and anatomically Similar
sensory and motor roots be so dissimilar in their caliber spectra?
In spinal nerves, the afferent fibers from annulospiral and flower
spray endings have their cells of origin in the dorsal root ganglion
and central prOjections entering the spinal cord in the dorsal root.
The ventral root carries efferent fibers from the spinal cord to the
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intrafusal muscle fibers.

However, such is not the case in the motor

and sensory roots of the trigeminal nerve.

Corbin '40, has shown that

the mesencephalic nucleus of the trigeminal nerve is the proprioceptive nucleus of the trigeminal nerve.

May and Horsely '10, and later

Pearson '49, and Corbin '40, observed the fibers of the mesencephalic
group to pass mostly, if not entirely, into the motor root of the
trigeminal.

If the caliber spectrum of the portio major is compared

to the caliber spectra of the dorsal spinal roots mentioned earlier,
it will be noted that both dorsal spinal roots and the portio major
have similar peaks at 2-3 microns and at 8-10 microns, but that the
portio major lacks a peak above 12 microns, which the dorsal root
.has~

Indeed, the portio major shows very few fibers above 12 microns.
The ventral spinal root and the portio minor are also different,

although the difference is not so obvious as in the sensory roots.

The

caliber spectrum of the portio minor shows a peak near 5 microns and
at 8-10 microns wnich is essentially the same as the caliber spectrum
of the ventral spinal roots mentioned earlier.

However, a large

percentage of fibers at and over 12 microns were observed in the
portio minor.

This situation does not present itself in the ventral

spinal roots observed in the previously mentioned papers.

Although

there is a peak at or around 12 microns, the percentage of fibers in
this range is not nearly so high as the percentage in the portio minor.
Therefore, tying these facts together; (1) That proprioceptive
fibers are contained in the motor root of the trigeminal nerve rather
I

than in the sensory root as they are in spinal nerves, (2) That the
sensory root of the trigeminal shows a lack of fibers at or around
12 microns while the sensory spinal root shows a fiber peak in this
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area, (3) That the motor root of the trigeminal shows a large percentage
of fibers at or near 12 microns, while the motor spinal root shows a
considerably smaller percentage of fibers in the same area, it seems
logical to assume that these differences between trigeminal and spinal
nerve roots are caused by proprioceptive fibers.
The mandibular division of the trigeminal nerve is a mixed nerve,
and has been shown in this study to be trimodal in the cat, with
peaks at 2-4, 6-8, and 14-16 microns.

These results are similar

to those obtained for the same nerve in the monkey by Fujii ('59).
If the caliber spectrum of the mandibular nerve is compared to a
mixed muscle nerve, in this case the nerve to the medial head of the
gastrocnemius muscle in the rabbit (Fernand and Young '51), which
shows a bimodal spectrum with peaks at 6-8 and 12-15 microns, it will
be noticed that the two nerve spectra are quite similar except for
the mandibular nerve's peak at 2-4 microns.

Since the mandibular

nerve has a cutaneous component and the muscle nerve mentioned does not,
it may be assumed that the peak at 2-4 microns is composed primarily
of fibers concerned with cutaneous innervation, especially since
fibers transmitting pain, temperature, and touch sensations are widely
known to be 4 microns or less in diameter.

This assumption is re-

inforced by the findings of this study in comparing the mandibular
nerve and the portio minor.

Figure 2 shows the mandibular nerve and the

portio minor of the trigeminal nerve compared plotting number of
individual fibers at specific diameters against diameter in microns,
and also percentage of fibers at specific diameters against diameter
in microns.

Since the portio minor contains all the motor and propri-

oceptive fibers of the trigeminal nerve, and since the mandibular
nerve receives all the fibers of the portio minor illustrated in

--
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Figure 2, are of necessity caused by sensory fibers, not including
proprioceptive fibers.

Note the large peak in the mandibular nerve

at 2-4 microns, and the smaller peak in the portio minor in the same
range.

If the number of fibers up to 4.8 microns in the portio minor

(3l7) is subtracted from the number of fibers from 0-4 microns in the
mandibular nerve (2843) the difference (2526 fibers) must be due to
sensory fibers of pain, temperature and touch.

Figure 2 also shows

that sensory fibers from 8-12 microns are almost entirely lacking in
the mandibular nerve.

Therefore, it might be assumed that whenever

fibers from 8-12 microns encountered in a branch of the mandibular
nerve, the majority of
tive in function.

t~ese

fibers are either motor or propriocep-

The caliber spectra of the two nerves in the

right of the figure show the relative differences between the nerves.
The peak at 2-4 microns in the mandibular nerve composes 22% of the
nerve, while the same peak in the portio minor compos@& only 10% of
the nerve.

Within the 8-12 micron range, 43% of the fibers of the

portio minor, and only 16% of the fibers of the mandibular nerve are
located.
The inferior alveolar and lingual nerves were found to have
almost identical caliber spectra (Figure l).

This may be related to

the fact that both innervate tissue arising from the same anlage, and
elicit similar sensations; i.e. in the case of the lingual nerve, sensation from the mucosa of the tongue, and in the case of the inferior
alveolar nerve, sensation from the dental pulp and the alveolus.

The

graphs of Figure 1 show that the inferior alveolar and lingual nerves
possess peaks at 2-4 microns and at 6-8 microns, although these peaks
are not of the same magnitude.
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The mandibular nerve has been shown to possess few sensory fibers
other than proprioceptive fibers between 8 and 12 microns, since most
of the fibers of this diameter are either motor or proprioceptive in
function.

Therefore, the larger number of fibers in this range in the

inferior alveolar nerve could be due to the presence of proprioceptive
fibers, which would not be found in the lingual nerve.
The mylohyoid nerve in the cat is a motor nerve to the mylohyoid
muscle and the anterior belly of the digastric muscle.

This study showed

the caliber spectrum of the mylohyoid nerve to be bimodal with peaks
at 2-4:microns and at 8-10 microns.

Fernand and Young ('51) found es-

sentially the same picture in the rabbit when they analyzed one of the
terminal branches of the mylohyoid nerve, the nerve of the digastric
muscle.

The nerve was bimodal in distribution with peaks at 6-8 microns

and 12-14 microns.

The findings also compare favorably with efferent

spinal nerves, whose caliber spectra show two peaks, one at 4-5 microns,
the other at 11-13 microns (Rexed and Therman '48).

Compared to the

lingual nerve (Figure 1), the mylohyoid nerve is seen to possess
considerably fewer fibers from 2-4 microns.

The mylohyoid has 79

fibers or 12 per cent in this range, while the lingual nerve has 701
fibers or 35 per cent in the same range.

These findings are consistent

with the fact that most of the fibers of 2-4 microns in diameter passing from the mandibular nerve to its branches are sensory fibers
other than proprioceptive fibers.

Hence, the lingual nerve, a sen-

sory nerve, would be expected to possess more such fibers than the
mylohyoid nerve, a motor nerve.

Conversely, the mylohyoid nerve

would be expected to possess relatively more fibers in the 8-12
micron range, since most of these fibers have been shown to be motor
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and proprioceptive in function in the mandibular nerve, and consequently its branches.

Figure 1 bears out this hypothesis, showing

the mylohyoid to have 42% of its fibers in the 8-12 micron range, and
the lingual nerve to have only 24% of its fibers in the same range.
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SUMMARY
A study of the Trigeminal nerve root, mandibular nerve, myelohyoid, inferior alveolar, and lingual nerves was performed on adult
cats to demonstrate the caliber spectra of these nerves.

A montage

of each nerve was made using magnified photomicrographs, and the
fibers counted.
A discussion of the differences between the trigeminal nerve root
and its branches, and selected analogous spinal nerves is included.
An explanation is offered that the differences between Portio major and
Portio minor, and comparable dorsal and ventral spinal roots, is due
to the presence of proprioceptive fibers in the motor root of the
trigeminal nerve, a situation unique to that nerve.

TABLE I
Reference

Nerve

Animal

Peaks

Peak size (microns)

Koch '16

Trigem.
root

1')og

Bimodal

3-6, 12-16

Koch '16

Trigem.
root

Cat

Bimodal

4-7, 12-16

Sjogvist '38

Portio
Major

Human

Bimodal

3-4, 8-9

Fujii '59

Portio
Major

Monkey

Bimodal

3-5, 7-9

Wasano 162

Portio
Minor

Monkey

Bimodal

4-5, 12-13

Fujii '59

Portio
Minor

Monkey

Bimodal

5-6, 13-14

Fujii '59

Ophthal. Monkey
Division

Bimodal

4-5, 9-10

Fujii '59

Maxill.
Div.

Monkey

Bimodal

4-6, 9-10

Fujii '59

Mandib.
Div.

Monkey

Trimoda1

4-5, 8-9, 12-13

Fernand &
Young '51

Nerve to Rabbit
Digastric

Bimodal

6-8, 12-14

Portio Major

~----~~-===~~-----~ Semilunar Ganglion

Mandibular Nerve

Lingual Nerve

Chorda Tympani
Inferior Alveolar
Nerve
Myelohyoid Nerve
Figure 1:
Schematic drawing of the Trigeminal nerve showing the branches studied.
lines indicate the points of section.
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Figure 2:

Graphs representing the caliber spectra of the nerves
studied.

BIBLIOGRAPHY
1.

Corbin, K. B.

Peripheral Distribution of fibers arising in the

mesencephalic nucleus of V.
2.

Corbin, K. B., and Harrison, F.
nucleus of V.

3.

J. Compo Neurol. 73, 1940, p. 264-69

Function of the mesencephalic

J. Neurophysiol. 3, 1940"p.

Eccles, J. C., and Sherrington, C. S.

423-1+35.

Numbers and Contraction

values of individual meter units examined in muscles of the
Proc. Roy. Soc., 10iB, 1930, p. 675-711.

limb.
4.

Fernand, C., and Young, J. Z.
nerves.

5.

Fujii, M.

Size of nerve fibers to muscle

Proc. Roy. Soc. (Lond.) 139, 1951, p. 38- 58 •

Fiber analytical study of medullated nerve fibers

composing the trigeminal nerve in Macaca irus.

Igaku Kenku

29-10, 1959, P. 3853- 3865.

6.

Gracek, R. R. t and Rasmussen, G. L., Fiber analysis of the StateAcoustic nerve of the guinea pig, cat, and monkey.

Anat. Rec,

139, 1961, p. 487- 495.

7.

Haggqvist, F.

Analyse der Faserverteilung in eimem Ruckenmarks

querschmitt (Th.3).
8.

Ztschr. mikr. Anat. Forsch. 39,

James, T. W., and Hollingshead, W. H.
alveolar nerve in fetuses.

9.

Koch, S. L.

193~.

Distribution of the inferior

Oral Surg., 3, 1950, p. 1151-1158.

Structure of the third, fourth, fifth, sixth,

eleventh and twelfth cranial nerves.
26, 1916;p.

541-552.

p.l

J. Compo Neurol.

10.

Lloyd, D. P.

Fibers in groups.

11.

Lloyd, D. P., and Chang, H.

13.

Afferent fibers in muscle nerves.

Matsukane, S.

Fiber analysis of 3, 4, 6, 9, 11, and 12 in

monkeys.

Igaku Kenkyu 29 (10), 1959 i p. 3934·- 39 44.

May, 0., and Herse1y, V.
nerve.

14.

Brain.

Pearson, A. A.

Mesencephalic reot of the Trigeminal

33, 1910, p. 175-203.

Development and connections of the mesencephalic

root of the trigeminal in man.
15.

Rexed, B.

16.

Rexed, B., and Therman, P.

Sherrington, C. S.

Sjogqvist, O.

7, 1944)P8-15.

Caliber of sensory and motor fibers
J. Neuropl:lysiol.

11, 1948., p. 133

On the anatomical constitution of nerves of

skeletal muscles.
18.

J. Compo Neurol. 90, 1949 J p.1-46.

Sensory fibers to muscles, J. Neurophysio1.

to flexors and extensors.
17.

6, 1943, p. 293- 31 5

11, 1948, p. 199-212.

J. Neurophysio1.
12.

J. Neurophys io 1.

J. Physiol.

17, 1894-5, p. 397- 571.

Studies of the trigeminal root and the bu1bo-

spinal tract.

Trigeminal Neuralgia.

Acta psych. et Neurol.

Supp. 17, 1938, p. 1-139.
19.

Te, S.

Fiber analytical study of the motor cerebral nerves in

the cat.
20.

Fukueka Acta. Mad. 50, 1959., p. 4702-4712.

Wasane, T. et a1.
nerves.

Fiber analytical studies on peripheral motor

Kyushu Jaurn. Med. Sci.

13, 1962,p. 1-22.

21.

Yeshinara, R.

Fiber analytical study of medullated nerve fibers

composing the

n. facia1is in the cat and monkey. Igaku

Kenkyu, 29 (10), 1959, p. 3886-39010

