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Introduction 

     The mammalian spiral ganglion consists mainly of the bipolar cell 

bodies of primary afferent auditory neurons. The cell bodies are enclosed 

in Rosenthal's canal (spiral canal) in the attached margin of the osseous 

spiral lamina, which spirals around the modiolus of the cochlea. The 

central processes of the spiral ganglion neurons pass through the internal 

auditory meatus forming the auditory nerve, and the peripheral processes 

project to the organ of corti where they connect with the hair cells 

(Glueckert et al., 2005b; Cartee et al., 2006).  

     Spiral ganglion neurons are the primary afferent neurons that transmit 

auditory information from the organ of corti to the cochlear nuclei. The 

number of neurons in the normal human spiral ganglion is important for 

evaluating changes associated with aging or pathological conditions. 

There have been a few studies on the number of spiral ganglion neurons, 

but the results are conflicting (Ishiyama et al., 2001; Whitlon et al., 

2007).  

 

     Degeneration of the spiral ganglion cell may occur as a primary or a 

secondary event according to hair cell loss (Varga et al., 2003; Kujawa 

and Liberman, 2006). 

 

     Cochlear implantation is a well established method of rehabilitating 

severe to profound deafness (Geers et al., 2002). One possible common 

link between the preoperative factors and the outcome of the cochlear 

implant procedure is the survival of eighth nerve structures, especially the 

spiral ganglion neurons (Rejali et al., 2007), which are directly 

stimulated by the cochlear implant electrode. So, the spiral ganglion 
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neurons (SGNs) are the target neurons for cochlear implants and its 

degeneration renders the success of cochlear implantation. 

     A regeneration of inner ear neurons induced by growth factors (Wise 

et al., 2005; Richardson et al., 2007), stem cell (Corrales. et al., 2006; 

Martinez – Monedero et al., 2007), growth cones (Anderson et al., 

2006) and chronic electrical stimulation (Coco et al., 2007) is a 

challenging future.  
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Aim of Work 

     The aim of this essay is to review the literature concerning the 

anatomy, ultrastructure of spiral ganglion and its role in cochlear 

implantation. Recent advances about the role of stem cell, growth factor, 

growth cones and electrical stimulation on regeneration of inner ear and 

spiral ganglion will be discussed. 
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Chapter 1 

 

Embryology and anatomy of the cochlea and spiral 

ganglion 

 

Embryology of the cochlea 

 

     The first rudiment of the internal ear appears shortly after that of the 

eye, in the form of a patch of thickened ectoderm, the auditory plate, 

over the region of the hind-brain. The auditory plate becomes depressed 

and converted into the auditory pit (fig.1.1). The mouth of the pit is then 

closed, and thus a shut sac, the auditory vesicle.  Each vesicle divides 

into a ventral component that gives rise to the saccule and cochlear duct 

and a dorsal component that forms the utricle, semicircular canals, and 

endolymphatic duct. These epithelial structures are known as the 

membranous labyrinth (Wareing et al., 2006). 

 

 

Figure 1.1. The evolution of the endolymphatic (otic) labyrinth. A = 22 days, B = 4 

weeks, C = 41. Weeks, D = 51. Weeks, E = 6 weeks, and F = 8+ weeks (Gulya and 

Schuknecht 1995). 

 

     In the sixth week of development, the cochlear duct forms from a 

tubular outgrowth of the saccule and penetrates surrounding mesenchyme 



 14 

to complete 2.5 turns (Fig.1.2). By 8th weeks, the mesenchyme 

surrounding the cochlear duct differentiates into cartilage, and in the 10th 

week, this cartilaginous shell undergoes vacuolization to create the scala 

vestibuli and scala tympani, both perilymph spaces (Kenna and Hirose, 

2003). 

  

     The epithelial cells of the cochlear duct differentiate into an inner ridge 

(eventual spiral limbus) and outer ridge (eventual organ of corti). The 

cells in these two ridges secrete a gelatinous substance that becomes the 

tectorial membrane (Rodriguez et al., 2007). 

 

     The modiolus which carrying the cochlear nerve and osseous spiral 

lamina of the cochlea is not preformed in cartilage but are ossified 

directly. Bone deposition occurs within the modiolus between 20 and 21 

weeks between the basal and second turns of the cochlea, and by  25th 

week, ossification is nearly complete (Gulya, 2002).  

 

 
 

Figure 1.2. Cochlear development (Isaacson, 2003). 

 

      

Embryology of spiral ganglion 
 

     The rudiment of the acoustic nerve appears about the end of the third 

week as a group of ganglion cells closely applied to the cephalic edge of 

the auditory vesicle. Whether these cells are derived from the ectoderm 


