Kálmán: Cranial nerves, their nuclei and ganglia
(lectures to EM II, ED II, Oct. 2-3, 2017.
False cranial nerves: I, II, vomeronasal nerve, and probably the ‘nerve 0:  terminal nerve.
· they have neither nuclei nor ganglia
· they emerge from the prosencephalon, 

· i.e. the prechordal part from the neural tube, where the homology with the spinal cord is not recognizable.
The vomeronasal nerve is a subdivision of the olfactory nerve to the vomeronasal organ of Jacobson, which is probably responsible from the odor perception influencing the mating behavior.

The terminal nerve is almost invisible, innervates a part of the nasal cavity, its supposed function is to guide gonadotrop-releasing factor producing neurons migrating to the hypothalamus.
True cranial nerves:
· they have nuclei, the sensory ones have also ganglia.
-they emerge from the mesencephalon and rhombencephalon i.e. the epichordal part of the neural tube, where the homology with the spinal cord is recognizable more (rhombencephalon) or less (mesencephalon).

The sensory nuclei receive synapses from primary sensory axons; the perikarya belonging to primary sensory axons are in sensory ganglia;

They form three groups:

III, IV, VI, XII – purely (somato)motoric (except the accessory nucleus of n. III)
VIII – purely (somato)sensory

V,VII,IX,X,XI – mixed (except for XI, which is reduced to motoric), so-called branchial nerves, positioned in the branchial
 (pharyngeal) arches 1,2,3,4 and 6 (5 is missing)
They, and their functions are general or special

General the cranial nerve (nucleus, function) , if it has its homologue in the spinal cord:

Special ones have no homologues in the spinal cord.

Their nuclei should form altogether: 2(Sensory - Motoric)X2(Somato- Viscero )X2 (General – Special)= 8 groups, ‘columns’.
The homologue nuclei of identical functions are positioned behind each other, forming ’columns’.  

Acutally, there are only 6 columns. The ‘special motoric’ was formerly named as ‘visceral’ but recently considered to be ‘somatic’ column, because it innervates somatic (skeletal) muscles of paraxial mesoderm origin. To avoid a misunderstanding the best name is ‘branchiomotoric’  The ‘general viscerosensoric’ does not separate from the ‘specific’ one, which can be called as ‘chemoreceptor’ column. The ‘general visceromotoric’ comprises the parasympathic nuclei.
Fig 1. The ‘columnar’ arrangement of the cranial nerve nuclei, the nuclei of similar functions form a column positioned after  each other.h
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 The general somatomotoric nuclei form separate nerves (III,IV,VI,XII) (1*).

The special somatosensory nuclei (cochlear, vestibular) belong to the VIIIth nerve (2*).
The other nuclei belong to branchial nerves (V,VII,IX,X,XI). These nerves were formed by fusion of several phylogenetically ancient nerves (a dorsally positioned general somatosensory, dorsal special visceromotoric (3*), ventrolateral special viscerosensory, ventral general visceromotoric) during evolution. The ventral somatomotoric and the dorsolateral spec. somatosensory nerves remain separate (see above).
	Nerve
	gen.somatomot.
	branchiomotoric
	parasympathetic
	chemosensitive
	spec. somatosensory
	gen. somatosensory

	n.III
	Nucl. of n.III.
	-----------
	Accessory nucl.
	----------------
	---------------
	-------------------

	n.IV
	Nucl. of n.IV
	-------------
	--------------
	-------------------
	-------------------
	---------------------

	n.V
	----------------
	Nucl. mot. n.V(4*)
	-------(None!!!!)
	-------------------
	--------------------
	Sens. nuclei of n.V(4*)

	n.VI
	Nucl. of n.VI.
	----------------
	--------------
	------------------
	-------------------
	---------------------

	n.VII
	---------------
	Nucl. mot. n.VII.
	Nucl. saliv. sup.
	Nucl.trt.solit., ala cin.lat
	-------------------
	Nucl. spin. n.V (5*)

	n.VIII
	----------------
	---------------
	-----------------
	------------------------
	Nucl. cochl.,vestib.
	---------------------

	n.IX
	----------------
	Nucl. ambiguus
	Nucl. saliv. inf.
	Nucl.trt.solit., ala cin.lat
	------------------------
	Nucl. spin. n.V

	n.X
	----------------
	Nucl. ambiguus
	Nucl. dors. n.V.
	Nucl.trt.solit., ala cin.lat
	-------------------------
	Nucl. spin. n.V

	n.XI (6*)
	--------------
	Nucl. ambiguus
	------------------
	---------------------
	------------------------
	-----------------

	n.XII
	Nucl. of n.XII
	------------------
	-------------------
	--------------------
	----------------------
	-----------------


(1*)The n III has (unusually) a parasympathetic nucleust; maybe it belonged formerly to the trigeminal nerve.

The n IV appears to be mesencephalic, but actually it  belongs to the isthmus.or the first rhombomer.

 (2*) In fish it is a true ‘column’ formed by several nuclei along the brain, belonging to the so-called lateral line organ, a rheoreceptoric system in the skin. Note that n.I and n.II sometimes also categorized as ‘special somatosensory’, incorrectly, because they are not true cranial nerves, e.g. they have no true nuclei (see before).
(3*) During evolution, by the ‘opening’ of the rhomboid fossa, their course changed from dorsal to ventral. The so-called ‘inner knee’ of the branchial nerves (mainly that of n.VII) refers to the original course.
(4*) Of n.V. only V/2 and V/3 correspond to a branchial nerve. V/1 is a derivative of another ancient nerve, n. profundus. Whether the mesencephalic nucleus may be categorized here, it may be challenged, because it corresponds to a sensory ganglion. The 3 branches correspond to the 3 facial process.
(5*) It is supposed but not generally accepted that n.VII innervates sensorily a rather confined part of the outer ear and tympanic membrane, and therefore it has a small sensory nucleus, and/or terminates in the spinal nucl. of n.V.
(6*) The motoric fibers of the spinal root of n.XI leave the spinal cord between the ventral and dorsal roots, in contrast to the spinal motor fibers.


The nerves IX -XI emerge from the lateral parolivary groove, whereas the nXII does from the medial one. These details indicate that the branchial nerves not homologuous with the spinal ones, i.e. they are ’special’ cranial nerves.
The sensory ganglia are derivatives of the neural crest (the general sensory ones), or placodes (the special sensory ones). Of the latter ones the vestibular and spiral (i.e. acustic) ganglia are derivatives of the so-called ‘dorsolateral placod’, whereas the chemosensitive (gustatory) ganglia are derivatives of the ventrolateral (or epibranchial ) placod. The taste buds themselves, however, are not placodal derivatives, only their innervation. In n.IX and X, therefore, there are two ganglia: a superior, general, and an inferior, special, gustatory. The trigeminal (semilunar) ganglion also incorporates placodal components (from the so-called trigeminal placod). There is a common rostral placod from which the olfactory and vomeronasal sensory epithelium, and the adenohypophysis (!!!) derive. The cranial parasympatethic ganglia are derivatives of neural crest. Note: the mesencephalic nucleus of n. V. has pseudounipolar neurons; functionally it is a’ sensory ganglion’ for the masticatory proprioception.

The n. XII sometimes has a small and functionless ’sensory’ ganglion (of Froriep) as a residuum of its former being spinal nerve.

The alternation of non-branchial (n.IV,VI,VIII) and branchial (n.V,VII,IX) nerves is not occasional. Both the branchial arches and the general somatosensory ganglia are formed by cell migration from the neural crest. Corresponding the branchial pouches (formerly slits in fish) this migration is inhibited, to keep the slits open in fish. Here therefore neither ganglion, nor branchial muscles, neither their nerves do not develop.

The branchial nerves have a post-trematic main trunk (i.e. behind the corresponding slit), from which a pre-trematic, sensory branch joins the more rostral cranial nerve. The course of the chorda tympani from n.VII to n.V/3 is remnant of this arrangement.
Fig. 2. A hypothetised phylogenetically  ancient arrangement of the cranial nerves in the cross section of brain stem. 

(Butler-Hodos: Comparative vertebrate neuroanatomy, 1996, Wiley-Liss Inc.). Left side: spinal cord, right side: brain stem
Color code for Figs. 2 and 3: Orange: general somatomotoric; red: branchiomotoric (spec. motoric, note its supposed dorsal outcome); yellow: general visceromotoric; brown: spec. viscerosensoric; green: spec. somatosensoric; violet: gen. somatosensoric. 
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The differentation of neurons is determined by a dorsoventrally decreasing gradient of BMP and Wnt effect and a ventrodorsally decreasing SHH effect. Their actual proportion decide the fate of neurons. Therefore the neurons being in similar dorsoventral positions in the subsequent cross-sections of the neural tube will be differentiated for similar function.
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Fig. 3. The present situation at the pons/medulla border.

All the nuclei are symbolized on the right side of the brain stem.

Note the formation of nVII by the fusion of several ‘nerves’ and the positions of the different sensory ganglia.
Fig. 4. The regulation of development.
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a) How the Hox genes determine the formation of rhombomers (arab numbers), cranial nerves (romain numbers) and branchial arches (B1, etc.).
b) How the devolpmental regulatory factors ’defend’ the pouches (former slits) from the cell-stram from thr neural crest.
Fig. 6: Correspondence between neural crest migration, branchial arches, somites-somitomeres and rhombomeres. 

(Based on Gray’s anatomy, 1995)
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The origins of ganglia: green: neural crest origin, yellow: placod origin.

Questions – answers.

Why do the nuclei form columns?

Because nuclei of similar functions are positioned after each other, they form chains, ‘columns’. They.developed in every segment of the rhombencephalon in the same position to the inductory center (notochord and skin), i.e.they  differentiated similarly.

What is the difference between specific and non-specific functions and nuclei of the cranial nerves?


Non-specific (general) ones have spinal homologues, the specific ones haven’t.

Which cranial nerves are ‘true’ and why?


True cranial nerve originate from the brain stem, they have nuclei, and – the sensory ones – ganglia.


False ones are the nI, nII, and the vomeronasal nerve (a subdivision of the olfactory nerve to the vomeronasal organ of Jacobson, which is probably responsible from the odor perception influencing the mating behavior. 


It is not clear,whether  the “0 nerve” (terminal nerve) is ‘true’ (i.e. it probably has a ganglion) or ‘false’ (i.e. it belongs to the telencephalon).

Why has the nV three branches?


They correspond to the three facial processes. However, only the nV/2 and nV/3 are derivatives of a branchial nerve, the nV/1 probably a remnant of an ancient separate nerve (n. profunduds) which incorporated secondarily to the others. The trigeminal ganglion developed both from a placod (trigeminal) and from the neural crest.

Why have the branchiomotoric axons an ‘inner knee’ (e.g. facial axons around the abducent nucleus)?


Probably their original exit was dorsal, together with the general sensory axons.

Why do the branchial nerves (V,VII, IX) ’alternate’ with the others (IV,VI,VIII)?

They have developed according to the branchial arches, the latter ones according to the pouches. The system of branchial (pharyngeal) arches was organized by the pouches: between them the cell migrations from the neural crest were much more intense, and the innervation 

Why between the motor and sensory roots does the spinal root of the nXI emerge?


Because it is specific visceromotoric. therefore it is not homologous with the spinal motoric (general somatomotoric) nerves.

Why do the nerves IX -XI emerge from the lateral parolivary groove, whereas the nXII does from the medial one?

Like the previous answer. Cranial nerves IX to XI contains  branchiomotoric (specific visceromotoric) axons, whereas the nXII has general somatomotoric ones)
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