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IntrOductIOn
The cochlear ganglion or spiral ganglion neurons of the cochlea 
represent a distinct and sequestered population of primary sensory 
neurons of precarious relevance for transmission of auditory stimuli 
to the brain. The adult human cochlear ganglion consists of two well 
characterized bipolar neuronal population groups known as: Type I  
and Type II [1]. These groups are recognized as large and small 
ganglion neurons respectively [1]. The classification has been based 
on soma size, relative abundance, cytologic traits, and characteristics 
of central and peripheral processes [2-4]. The large Type I neurons 
constitute 90-95% of the total neuronal population and their perikarya 
have a diameter of 22-34μm with a length of 22-64μm. In comparison 
to them the smaller Type I ganglion neurons are 5-10% of the total 
percentage of cochlear ganglion neurons. Their diameter ranges from 
8-14μm and length varies from 15-21μm [1,5,6]. 

Though morphometrical details of adult human cochlear ganglion 
neurons are well known, there is dearth of data on such details in 
developing human fetuses. Till now various studies have been conducted 
on developing animals to understand morphometrical maturation of 
cochlear ganglion with detailed study on experimentally deafened 
animals to provide an insight for cochlear implant studies [7-10]. 

Morphological characteristics of maturing human fetal cochlear 
ganglion have been studied earlier describing anatomical specificities 
[11-13], but the data on morphometrical analysis of developing 
human cochlear ganglion neurons have been rarely documented. 
Thus, the current study was focused on morphometrical analysis of 
developing human fetal cochlear ganglion neurons and recording of 
data from each gestational period.

MAterIAls And MethOds
Fetus collection and Preservation/Fixation
This was an observational study conducted on ten aborted human 
fetuses aged between 14-28 wk of gestation obtained during 2008-
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ABstrAct
Background and Aim: The cochlear or spiral ganglion neurons 
are the initial bridge between the external world of sound and its 
discernment in the brain. As the developing human fetal cochlea is 
known to start functioning in mid gestational period, its anatomical 
details when compared with adults could vary with each gestational 
age. The aim of current study was to assess morphometrical 
parameter of developing human fetal cochlear ganglion neurons 
and comparison of data in each gestational period. 

Materials and Methods: Ten aborted human fetuses from 
14th to 28th weeks of gestation were procured from Department 
of Obstetrics and Gynaecology of associated hospital, after 
obtaining ethical clearance and were processed for studying 
under light microscope. Area of neurons from each gestational age 
was measured on histophotomicrographs using image Proplus 

software. Standard statistical method was used to calculate area 
range and percentage of small and large ganglion neurons. 

results: The neuronal area increased progressively in successively 
higher gestation age fetuses. In the fetus belonging to lowest 
gestational age the area ranged from 4-37μm2 while in highest 
gestational age fetus its range was 10-58.3μm2. The small ganglion 
neurons were higher in 14 weeks (65.5%) fetuses and 16-20 
weeks (81.03%) fetuses, while in higher gestational age fetuses’ 
large ganglion neuronal population was higher (62-66%). 

conclusion: A baseline morphometrical representation of fetal 
cochlear ganglion neurons could be of relevance in advanced 
human experimental studies on effect of neurotrophic factors in 
human fetuses with congenital deafness. It has been found that 
these factors directly influence neuronal maturation assessed by 
progressive increase in soma size and survival.
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2010, from the Department of Obstetrics & Gynaecology, with prior 
approval from the Institutional Ethical Committee. 

Fetuses less than 20 wk gestation (WG) were collected from cases 
where Medical termination of pregnancy was conducted under 
the MTP Act. Fetuses with gestational age more than 24 wk were 
obtained from spontaneous abortions and still birth. Fetuses with 
any congenital anomaly, putrefied or macerated fetuses and those 
belonging to mothers with any medical illness during pregnancy 
were excluded from the study. To minimize postmortem changes 
the fetuses were immediately fixed in 10% buffered formalin and 
thus preserved by immersion fixation method. For determining 
fetal age, relevant parameters like weight, Biparietal diameter, 
Crown rump length, Crown heel Length and Foot length were 
measured [14]. 

tissue Preparation and staining
After fixation brain was removed and petrous part of temporal 
bone was dissected out and kept in 10% buffered formalin for one 
week. Specimens from higher gestational ages were decalcified in 
10% EDTA. Specimens were labeled and processed for paraffin 
embedding. Seven micron thick serial sections were generated 
on a rotary microtome with the anterior surface of the petrous 
temporal bone as the cutting surface along its superior border. The 
sections were stained with 1% cresyl violet stain and were studied 
subsequently. 

Morphometrical Analysis
Observations were made using a BX61computerised microscope 
under 100X objective lens and images were captured by DP71 
camera and further analysed by image Proplus MC6 software. The 
ganglion was identified by its proximity to the developing cochlear 
duct as a cluster of neurons [Table/Fig-1]. Morphometrical parameter 
was observed under oil-immersion. Every tenth serial section was 
included for observation. Area of hundred neurons in sections of 
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higher in 14 wk and 16-20 wk fetuses, while in higher gestational 
age fetuses large ganglion neuronal population was higher [Table/
Fig-5]. 

Week of 
gestation
(weeks)

Area 
range 
(μm2)

Small ganglion neurons large ganglion neurons

Percentage 
of neurons

Area range 
(μm2)

Percentage 
of neurons

Area range 
(μm2)

14 4-37 65.5% 4-20 34.5% 21-40

16-20 2-27 81.03% 2-15 18.9% 15.1-27

24 4-47.7 38% 4-23.4 62% 25.2-47.7

26 6-50.2 36.5% 6-27.5 63.5% 30.1-50.4

28 10-58.3 34% 10-30 66% 32.2-58.3

[table/Fig-3]: Table showing area range of small and large ganglion neurons 
at each gestational age along with their percentage with the neurons showing a 
nucleus and nucleolus

dIscussIOn
This was a light microscopic study on serial sections of temporal 
bone to provide numerical data on the area of developing cochlear 
ganglion neurons. There are very few studies on human fetal 
cochlear ganglion neuronal morphometry. 

In an earlier study on human fetal cochlear ganglion neurons be-
longing to various gestational ages, the morphometrical findings 
given as area range at each turn of cochlea, stated that neuronal 
population had an area range of 12 to 48 μm2 in all turns at 32 
wk (270mm CRL) gestation. It included all ganglion neurons as 
Type II. In the basal and middle turns of neonate, two neuronal 
populations were found: a) Small neurons (mean area 20μm2 ) and 
b) large neurons (mean area 100μm2) [11]. It was specified that 
small ganglion neurons might be the precursors of large ganglion 
neurons and as maturation occurs the small ganglion neurons 
could have differentiated into large ganglion neurons. The fetus 
of highest gestation age in our study was of 28 wk gestation, in 
which the population of large ganglion neurons (66%) was more 
than the small neurons. In this gestational age fetus area of large 
ganglion neurons ranged from 32.2 to 58.3μm2 and those of small 
ganglion neurons ranged from 10 to 30 μm2. At 16-20 weeks of 
gestation more of small neurons were seen in comparison to large 
neurons suggesting that more neurons could have migrated into 
the ganglion area and may later grow to form the larger neurons as 
suggested by earlier study [11]. The difference obtained in neuronal 
area values could be attributed to the varying factors influencing the 
development about which no definite causation can be accredited 
with confirmation. With progressive development increase in soma 
size also strengthens the fact that concomitant morphological 
maturation of neurons is occurring with its functional maturation as 
observed in other corresponding literatures [12,13]. 

In present study, based on the shape of bar graphs which showed a 
bimodal distribution, the neuronal collection was segregated as small 
and large ganglion population in each gestational age sample [15]. 
In an earlier ultrastructural morphometrical study on adult human 
cochlear ganglion neurons a possibility of five subgroups amongst 
the group of large and small cells were observed. In middle and 
upper middle turns three groups of cells has been assumed based 
on ultrastructural morphometrical analysis [16]. 

Comparable electron microscopic study on morphometry and 
distribution of cell types in human neonate has shown that 
segmental density of spiral ganglion neurons is higher in neonates 
than in adults, with higher prevalence of Type II ganglion neurons 
than reported in adults [17]. A clear differentitation of Type I and 
Type II ganglion neurons can be seen in human neonate and 
with age the prevalence of Type II ganglion neurons is known to 
decrease particularly in middle and apical turns [17]. In our study, 
two different neuronal population groups were observed on light 
microscopic morphometrical basis but no segregation was done 
into Type I and Type II neurons specifically. To differentiate Type I 

each gestational age specimen was measured as micron meter 
square. The data was tabulated in excel sheets and assessed. 

Bar graphs were made for all the data recorded and in preliminary 
analysis each histogram was scanned visually. The bar diagram 
plotted for each gestational age fetus provided a visual display of 
the data for segregating the quantitative variable obtained into two 
comparable groups of small and large ganglion neurons [15] . The 
reference unit was different for each gestational age fetus since 
the neuronal population was in the process of maturation. Hence 
for each gestational age fetuses small and large ganglion neuronal 
population were segregated independently in accordance to the 
bar graphs plotted. Area range of neuronal population group and 
percentage of small and large ganglion neurons were calculated 
using standard basic statistical method with SPSS version 15. 

results
The aborted fetuses belonged to 14 wk, 16 wk, 20 wk, 24 wk, 26 
wk and 28 wk of gestation. Only one fetus from 14 and 16 wk of 
gestation was collected, however two fetuses from each subsequent 
age of gestation were procured. 

At oil immersion magnification the ganglion neuronal group was 
seen as a cluster of neurons, supporting cells and intervening nerve 
processes. The nucleus and nucleolus were clearly visible in each 
histophotomicrograph [Table/Fig-2]. 

[table/Fig-2]: Histophotomicrograph of the cochlear ganglion neurons at 28 weeks 
gestation under oil immersion lens [100X objective]

It was observed that the neuronal area ranged from 4-37μm2 in 
the fetus belonging to lowest gestational age and the area range 
in fetus from highest gestational age was 10-58.3μm2 [Table/Fig-3]. 
The observation tabulated [Table/Fig-3] along with the bar graphs 
as histogram depicting the results are shown in [Table/Fig-4]. The 
results showed that the percentage of small ganglion neurons was 

[table/Fig-1]: Histophotomicrograph of cresyl violet stained sections of fetal 
temporal bone, showing cochlear ganglion (CG) lying in relation to the developing 
cochlear duct (CD) [1a:20 weeks of gestation, 1b: 24weeks of gestation; 
magnification 2Xobjective
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[table/Fig-4]: Histogram depicting distribution of the value of area of the neurons 
along X-axis and the number of neurons along Y-axis for respective gestational age 
fetus. [4a:14weeks; 4b:16-20weeks; 4c: 24weeks; 4d: 28weeks]

[table/Fig-5]: Cone graphs showing percentage of small and large ganglion 
neurons at 14,16,24 and 28 weeks respectively

and Type II cochlear ganglion neurons special immune markers and 
ultrastructural details are required [8,9]. 

The development and maintenance of cochlear ganglion neurons 
and its peripheral process requires action of various growth 

factors such as neurotrophins, fibroblast growth factors and 
glial cell line-derived growth factors [18-22]. Recent treatment 
strategies of bionic cochlear implant use these growth factors 
to aid survival of cochlear ganglion neurons in deafened ear and 
enhancing therapeutic outcomes [10]. Many experimental studies 
have shown that whenever there is loss of neurotrophic support 
from these factors, the ganglion neurons appear unhealthy with 
smaller soma [19] and pyknotic, misshapen nuclei [23-25]. Other 
experimental studies on deafened animals have shown that on 
treatment with exogenous neurotrohic factors, the surviving spiral 
ganglion neurons appeared larger, and healthier with well defined 
nucleus, nucleolus and abundant Nissl substance [19,26]. The 
survival effect of these cell growth promoting factors is assessed 
by evaluation of neuronal soma size and neuronal density and such 
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studies are still at experimental level in lower animals. This study 
can provide a baseline morphometrical data of normal developing 
human fetal cochlear ganglion neurons to be comparable with 
congenitally abnormal cochlear ganglion neurons occurring due to 
any prenatal ototoxic insult affecting expression of growth factors 
which are normally expressed by the hair cells and cochlear 
ganglion neurons in prenatal period [27]. To fully apprehend the 
application of advancing treatment strategies using such growth 
factors a more detailed morphometrical data characterizing other 
maturation changes of developing human cochlear ganglion 
neurons is required.

lIMItAtIOn
Advanced microscopes like confocal microscope, electron micro-
scope are helpful in getting finer details of neurons. However, these 
were not available in the study institute.

Due to precarious availability of human fetuses, the sample size 
could not be increased much. The study was a part of thesis and 
hence was time bound. Also, one fetus is procured in two months 
from the associated hospital. Rapid autolysis on neuronal tissue also 
requires discarding most of the samples which were collected.

cOnclusIOn
Normal maturation of developing human cochlear ganglion neurons 
comprises of progressive increase in size of neuronal soma. The 
neuronal population is broadly divisible into large and small ganglion 
neurons with the small ganglion neurons exceeding during initial 
stages of development and the large ganglion neurons seen more 
in higher gestational age fetuses. Upcoming treatment strategies 
for congenital deafness using growth factors require a detailed 
baseline morphometrical data to describe comparable changes of 
developing human cochlear ganglion neurons.
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