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Background: Six liner measurements of constant cranial cervical ganglion (CCG), 
three inconstant main, first, second middle cervical ganglia (MG, MG1, MG2), 
and interganglionic branch (IGB) were taken to determine normal foetal growth 
rates and patterns of cervical sympathetic trunk (CST) components in different 
gestational ages.
Materials and methods: Forty sheep foetuses of both sexes aged from 60 to 
140 days were divided into four groups and 80 sides of foetuses were examined 
under a stereomicroscope using a digital calliper.
Results: Following findings were obtained: 1) There was no significant difference 
for the values between sex and body side among all age groups, although sex and 
laterality differences in CST length and laterality differences in IGB total length 
and MG1 width were found regardless of age groups. 2) Correlations between 
dimensions of CST components and crown-rump length (CRL) were always posi-
tive during foetal period and decreased with increasing foetal age. 3) The highest 
growth rate in CST components in foetal sheep took place in the youngest age 
group because of rapid growth rates in lengths of IGB and CCG.
Conclusions: Based on these detailed findings, comparative prenatal growth rates 
and patterns of animal organs and body, embryological and histological data as 
well as neurovertebral relationships among cervical parts of sympathetic trunk, 
spinal cord, and vertebral column were discussed and compared with previous 
studies. Although allometric growth of CST in relation to CRL was constant be-
tween foetal sheep and pig, there were specific characteristics in prenatal growth 
of CST components in foetal sheep which were different from those of foetal pig. 
It seems that only growth pattern in length of CST in sheep during foetal period 
follows the same growth pattern of CRL, body weight, and length of cervical 
parts of spinal cord and vertebral column. (Folia Morphol 2018; 77, 3: 456–463)
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IntroductIon
Analyses of organ growth rates during prenatal 

development have brought to light definite growth 
tendencies and patterns and such a growth of one 
part of the body often appears to be quit out of step 
with the growth of another part, or of the organism 
as whole. Among organs, morphometrical changes of 
sympathetic trunk components during various growth 
phases of animals and humans foetuses have been 
neglected in developmental research because of its 
complex morphology, although our previous studies 
of sympathetic trunk and paravertebral ganglia have 
been conducted to clarify further knowledge about their 
detailed morphological architectures in adult dromedary 
camel, and bovine [9, 10] or developmental anatomy in 
sheep during foetal period [8, 11]. These studies indicate 
significant variations were present between animals 
and humans and their variations explained in terms of 
comparative anatomy, embryonic development, and 
evolutionary changes. To better understand of these 
perspectives of sympathetic trunk components, it is 
also essential to investigate its foetal morphometric 
development pattern and to evaluate its relative growth 
rate with that of related structures such as spinal cord, 
and vertebral column.  

For long anatomical history, only partial investiga-
tion on cervical ganglia in pig during foetal period 
appeared in the literature, reported by Pospieszny and 
Bruzewicz [12]. Ovine foetus is of critical importance 
for biomedical research prenatal because of its size and 
developmental rate which are close to that of human 
foetus [2, 7]. Therefore, the aim of the present study 
was to examine qualitatively developmental pattern 
and growth of foetal cervical sympathetic trunk (CST) 
components in different gestational ages of sheep 
to determine: 1) the normal developmental values of 
morphometric parameters of CST components among 
age groups, 2) the influence of sex and body side on 
value of measured parameters, and 3) the normal 

relative growth rate of CST components in relation to 
crown-rump length (CRL) of the foetus. 

MaterIals and Methods
Forty sheep foetuses of both sexes from 40 uteri 

without macroscopically visible or other gross internal 
and external abnormality were collected from a local 
abattoir. None of the foetuses was a twin. Ante-mor-
tem inspection was performed by veterinary officers 
and all ewes were apparently normal. The foetuses 
were divided into four groups (Table 1); according to 
their CRL [6]. The procedures and animals used had 
approval from the Local Ethical Committee. 

Constant cranial cervical ganglion (CCG) and three 
inconstant MG, MG1, MG2 and their interganglionic 
branch (IGB), as described by Nourinezhad et al. [11], 
of 10% formalin fixed foetuses were measured under  
a stereomicroscope (Nikon, SMZ800, Japan) using a digi-
tal calliper (150 mm Mitutoyo, Japan) to an accuracy of 
0.05 mm by a single researcher (the first author) and 
three times as follows: 1) The highest length (craniocau-
dal), width (dorsoventral), and thickness (mediolateral) of 
the ganglia. 2) The length (craniocaudal) of each IGB was 
measured. Then the total length of IGBs was calculated 
by adding the length values of them. 3) The CST length 
was determined by adding the length values of IGB total 
length and the length of ganglia (Fig. 1). 4) The CST width 
was measured at the level of C6 vertebra. 5) The growth 
rate (in mm/mm) of CST length was calculated by dividing 
the total length of CST to CRL × 100. 

Statistical analysis

According to the age group, sex, and side of the 
body, parametric values were analysed using descriptive 
and analytical statistics in SPSS 16.0 and were expressed 
as mean ± standard deviation, minimum/maximum, 
and coefficient of variation (CV). All results were evalu-
ated by applying univariate analysis of variance for 
comparing the data of each dependent factor among 

Table 1. The values of crown-rump lengths with regard to age groups and sexes in sheep foetuses

Age group Foetal age Crown-rump length [mm] Number Sex
Days Mean SD Max Min Male Female

1 60–80 149.95A 31.23 197 100 10 5 5
2 80–100 255B 33.40 306 204 10 6 4
3 100–120 341.7C 22.08 380 313 10 5 5
4 120–140 439D 28.56 486 400 10 7 3
Total 60–140 – – – – 40 23 17

P < 0.05, difference among all age groups; SD — standard deviation; Min — minimum; Max — maximum; A, B, C, D — different letters show significant differences in lenght among the 
different age groups
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age groups. The significance level was accepted at  
p < 0.05. Pearson’s correlation coefficient (r) between 

the dimensions of CST components and CRL was cal-
culated for age groups combined and for each group 
separately. Accordingly, their p values were calculated. 

results
According to Table 1 and Figure 2B, the mean val-

ues of CRL differed and increased significantly among 
all age groups, although the highest growth of CRL 
was noted in the youngest age group (60 to 80 days).

Many parametric values differed significantly 
among age groups except some dimensions of the 
variables within some certain age groups (Tables 2, 3)

There was no significant difference between body 
side and sex in any parameters among all age groups. 
However, there were sex and laterality differences in CST 
length and laterality differences in IGB total length and 
MG1 width regardless of age groups (p < 0.05, Table 4). 

There were positive correlations between the di-
mensions of CST components and CRL. However, sig-
nificant correlations between the variables and CRL 
for each group and for age groups combined were 
noted (p < 0.05). 

There were significant positive correlations be-
tween the examined parameters and CRL for age 
groups combined (p < 0.05) except the dimensions 
for body sides and for male MG2 as well as the width 
of female MG2. 

CCG (Table 2, Fig. 2A): Its values revealed significant 
differences among groups except between age groups 
3 and 4 for its width; between age groups 2 and 3 
and between age groups 3 and 4 for its thickness. The 
highest and lowest CV belonged to the length in age 
group 1 and the width in age group 2, respectively. 
There was a strong significant correlation between CRL 
and CCG length in age group 1 and the width of CCG 
in age groups 1 and 2. 

MG (Table 3, Fig. 2A): Its values revealed significant 
differences among groups except between age groups 

Figure 1. The measurement of total length of cervical 
sympathetic trunk (CST) (TL) and presence of cervical 
ganglia at age group 3 of male sheep foetus. The CST 
has been separated from vagus nerve and displaced 
dorsally. Right and lateral view: 1 — cranial cervical 
ganglion; 2 — CST; 3 — vagus nerve; 4 — common 
carotid artery; 5 — trachea; 6 — oesophagus; 7, 8, 9 — 
second (MG2), first (MG1), main (MG) middle cervical 
ganglia; 10, 11 — cranial and caudal limb of ansa sub-
clavia; 12 — costocervical trunk; 13 — cervicothoracic 
ganglion; 14 — tympanic bulla; Cr — cranial. Scale bar 
(pin) = 25 mm.

Figure 2. Variations in length of cranial cervical ganglion (CCG), 
first (MG1) and main (MG) middle cervical ganglia (A), cervical 
sympathetic trunk (CST) and crown-rump length (CRL) (B), growth 
rate of CST to CRL (C) in sheep of different age groups. 
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Table 2. The values of cranial cervical ganglion (CCG), cervical sympathetic trunk (CST), and interganglionic branches (IGB) in sheep foetus

Age group Variable Mean ± SD [mm] Max [mm] Min [mm] CV r %
CCG

1 L 2.79 ± 0.77A 4.58 1.78 0.27 0.80 100
W 1.74 ± 0.39E 2.18 0.95 0.22 0.74 100
T 1.30 ± 0.19I 1.63 0.97 0.15 0.54 100

2 L 3.94 ± 0.52B 5.07 3.07 0.13 0.31 100
W 2.51 ± 0.37F 3.04 1.89 0.14 0.80 100
T 1.89 ± 0.35J 2.66 1.38 0.18 0.61 100

3 L 4.72 ± 0.82C 6.33 3.15 0.17 0.57 100
W 3.13 ± 0.35G 3.67 2.51 0.11 0.17 100
T 2.17 ± 0.44JK 2.77 1.01 0.20 0.36 100

4 L 5.79 ± 1.15D 9.62 4.16 0.19 0.14 100
W 3.28 ± 0.55G 3.98 1.42 0.16 0.21 100
T 2.23 ± 0.31K 2.81 1.73 0.14 0.23 100

CST

1 L 39.92 ± 8.18A 51.35 24.93 0.20 0.85 100
W 0.31 ± 0.08E 0.46 0.2 0.25 0.64 100

2 L 66.27 ± 10.09B 83.41 51.54 0.15 0.91 100
W 0.45 ± 0.10F 0.8 0.3 0.24 0.24 100

3 L 84.75 ± 7.24C 96.47 68.18 0.08 0.49 100
W 0.53 ± 0.09F 0.67 0.4 0.17 0.11 100

4 L 107.28 ± 15.80D 135.02 67.05 0.14 0.64 100
W 0.76 ± 0.11G 1.1 0.58 0.15 0.53 100

IGB

1 L 34.66 ± 7.63A 45.95 20.44 0.22 0.84 100
2 L 58.88 ± 9.35B 73.91 45.39 0.15 0.90 100
3 L 75.38 ± 6.5C 84.5 61.30 0.08 0.50 100
4 L 95.34 ± 14.81D 118.5 56.94 0.15 0.58 100

SD — standard deviation; Min — minimum; Max — maximum; CV — coefficient of variation; r — coefficient of correlation; L — length; W — width; T — thickness. A, B, C, D — diffe-
rent letters show significant differences in length among the different age groups; E, F, G, H — different letters show significant differences in width among the different age groups;  
I, J, K, L — different letters show significant differences in thickness among the different age groups; p < 0.05

2 and 3 for its length; between age groups 1 and 2 and 
between age groups 2 and 3 for its width; between 
age groups 1 and 2, and between age groups 2 and 
3, and between age groups 3 and 4 for its thickness. 
The highest and lowest CV were similar to those of 
CCG. No strong significant correlation between MG 
and CRL was found in each age group.

MG1 (Table 3, Fig. 2A): Its values revealed significant 
differences among groups except between age groups 
1 and 3 for its length; between age groups 1 and 2 and 
between age groups 2 and 3 for its width; between age 
groups 2 and 3 and between age groups 3 and 4 for its 
thickness. The values of width in the left side of body 
were 0.11 mm greater than that of the right side (Table 4).  
The highest and lowest CV belonged to the length in 
age group 4 and the width in age group 1, respectively. 
No strong significant correlation between MG1 and CRL 
was found in each age group. 

MG2 (Table 3): Its values revealed no significant 
differences among groups except between age  

groups 1 and 3 for its length and between age  
groups 1 and 4 for its width. The values of thickness re-
vealed no significant differences among all age groups. 
The highest and lowest CV belonged to the width in 
age groups 1 and 3, respectively. 

IGB (Table 2): The values of its total length revealed 
significant differences among age groups. This value 
in the left side of body was 7.95 mm greater than that 
of the right side (Table 4). The highest and lowest CV 
belonged to age groups 1 and 3, respectively. There 
was a strong significant correlation between CRL and 
IGB in age groups 1 and 2 only.

CST (Table 2, Fig. 2B): Its values revealed significant 
differences among groups except between age groups 
2 and 3 for its width. The CST length in the left side 
of body was 6.11 mm greater than that of the right 
side. The length in male foetuses was 1.32 mm greater 
than that of female foetuses (Table 4). The highest and 
lowest CV belonged to the width in age group 1 and 
length in age group 3, respectively. There was a strong 
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significant correlation between CRL and CST in age 
groups 1 and 2 only. The growth rate of CST length 
in relation to CRL varied among age groups (Fig. 2C). 

dIscussIon and conclusIons
Pospieszny and Bruzewicz [12] in pig measured 

only the length and width of CCG and MG length 
and correlated their length against CRL without using 
any statistical tests and presenting p value for their 

data. They also reported that there is no perceptible 
influence of body side and sex on their results. In 
this study, there was no significant difference for 
the values between sex and body side among all age 
groups, although sex and laterality differences in CST 
length and laterality differences in IGB total length 
and MG1 width were found regardless of age groups. 
Although no evidence was found regarding lateral-
ity differences in the length of cervical sympathetic 

Table 3. The values of main, first, and second middle cervical ganglia (MG, MG1, MG2) in sheep foetus

Age group Variable Mean ± SD [mm] Max [mm] Min [mm] CV r %
MG1

1 L 1.44 ± 0.33A 2.1 0.89 0.23 0.17 90
W 0.76 ± 0.15E 1 0.35 0.20 0.46 90
T 0.53 ± 0.13I 0.86 0.28 0.25 0.25 90

2 L 2.64 ± 0.96B 4.4 1.45 0.36 0.63 75
W 0.97 ± 0.23EF 1.45 0.69 0.24 0.19 75
T 0.66 ± 0.08IJ 0.81 0.5 0.12 0.39 75

3 L 3.22 ± 1.01B 4.92 1.63 0.31 0.23 85
W 1.02 ± 0.16F 1.3 0.73 0.15 0.06 85
T 0.76 ± 0.20JK 1.1 0.23 0.26 0.31 85

4 L 4.36 ± 1.07C 6.7 2.92 0.24 0.62 95
W 1.63 ± 0.36G 2.23 0.99 0.22 0.03 95
T 0.83 ± 0.25K 1.71 0.52 0.30 0.06 95

MG1

1 L 1.80 ± 0.60A 2.9 0.88 0.33 0.68 45
W 0.61 ± 0.22E 0.97 0.32 0.36 0.68 45
T 0.48 ± 0.15I 0.67 0.24 0.32 0.47 45

2 L 2.38 ± 0.48A 3.18 1.64 0.20 0.63 50
W 0.89 ± 0.17EF 1.18 0.53 0.19 0.19 50
T 0.76 ± 0.19J 1.03 0.4 0.25 0.39 50

3 L 3.20 ± 0.72B 4.05 2.28 0.22 0.36 45
W 0.96 ± 0.22F 1.47 0.68 0.23 0.05 45
T 0.79 ± 0.17JK 1.02 0.58 0.22 0.18 45

4 L 4.19 ± 0.76C 5.42 2.93 0.18 0.34 35
W 1.45 ± 0.38G 1.99 0.88 0.26 0.2 35
T 1.08 ± 0.33K 1.52 0.65 0.30 0.68 35

MG2

1 L 1.17 ± 0.40A 1.61 0.8 0.35 0.78 15
W 0.42 ± 0.16E 0.61 0.3 0.39 0.62 15
T 0.41 ± 0.21I 0.67 0.28 0.52 0.53 15

2 L 2.68 ± 0.44AB 3 2.37 0.16 10
W 1.08 ± 0.35EF 1.33 0.83 0.32 10
T 0.76 ± 0.10IJ 0.84 0.69 0.13 10

3 L 4.56 ± 1.87BC 5.89 3.24 0.41 10
W 1.18 ± 0.09EFG 1.25 1.11 0.08 10
T 0.93 ± 0.07IJK 0.98 0.88 0.07 10

4 L 3.52 ± 0.49ABC 4.08 3.12 0.14 15
W 1.34 ± 0.41FG 1.8 1 0.30 15
T 1.22 ± 0.52IJK 1.8 0.78 0.42 15

For other abbreviations see Table 2 captions.
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trunk in domestic animals [3], the explanation for 
the emergence of asymmetry in CST length between 
body sides may rest on asymmetry of aortic arches 
and nerves in the head during embryonic develop-
ment of domestic animals. During elongation of the 
head and thorax and caudal shift in cardiac position 
of domestic animals, the left recurrent laryngeal nerve 

shifts more caudally than the right one [6]. Such an 
asymmetrical transposition and a close attachment of 
cervical parts of sympathetic trunk and vagus nerve 
can result in caudal movement of CST and its elonga-
tion on the left side in foetal sheep. 

In the present investigation, the values of all vari-
ables increased with increasing foetal age, although 

Table 4. The values of cervical sympathetic trunk (CST), interganglionic branches (IGB), and first middle cervical ganglia (MG1) in 
sheep foetus with regard to sex and body side

Age group Variable Side or gender Mean ± standard deviation Max Min r %
CST

1 L Right 37.85 ± 8.03 49.3 26.7 0.97 100
Left 40.56 ± 9.12 52.67 28.02 0.94 100
Male 35.63 ± 7.42 49.47 26.7 0.91 100

Female 42.78 ± 8.26 52.67 30.93 0.94 100
2 L Right 63.57 ± 9.20 75.91 53.08 0.93 100

Left 68.11 ± 9.40 80.95 55.18 0.95 100
Male 66.86 ± 9.71 78.45 53.08 0.91 100

Female 64.31 ± 9.19 80.95 53.25 0.41 100
3 L Right 84.52 ± 7.57 93.4 69.38 0.67 100

Left 88.90 ± 4.71 97.54 82.83 0.80 100
Male 85.57 ± 7.25 95.03 69.38 0.55 100

Female 87.86 ± 5.89 97.54 77.5 0.69 100
4 L Right 101.84 ± 13.08 117.13 82.58 0.72 100

Left 114.64 ± 13.00 141.1 94.68 0.83 100
Male 104.39 ± 12.71 127.1 82.58 0.52 100

Female 117.21 ± 14.77 141.1 95.48 0.70 100
Total L Right 71.94 ± 25.93* 117.13 26.7 0.89 100

Left 78.05 ± 29.03* 141.1 28.02 0.98 100
Male 75.56 ± 27.32* 127.1 26.7 0.96 100

Female 74.24 ± 28.19* 141.1 30.93 0.97 100
IGB
1 L Right 33.10 ± 6.88 41.38 20.44 0.77 100

Left 36.21 ± 8.38 45.95 25.60 0.94 100
2 L Right 56.92 ± 9.10 70.03 45.39 0.89 100

Left 60.85 ± 9.64 73.91 48.74 0.96 100
3 L Right 71.76 ± 6.43 83.86 61.30 0.56 100

Left 79.00 ± 4.34 84.5 72.24 0.71 100
4 L Right 88.58 ± 15.52 108.96 56.94 0.79 100

Left 102.10 ± 10.97 118.50 83.83 0.50 100
Total L Right 62.59 ± 22.83* 108.96 20.44 0.95 100

Left 69.54 ± 25.86* 118.50 25.60 0.97 100
MG1
1 W Right 0.63 ± 0.22 0.97 0.32 0.70 70

Left 0.580 ± 0.24 0.89 0.38 0.65 40
2 W Right 0.82 ± 0.22 1.07 0.53 0.43 40

Left 0.93 ± 0.14 1.18 0.8 0.35 60
3 W Right 0.84 ± 0.13 0.95 0.68 0.83 50

Left 1.12 ± 0.23 1.47 1 0.93 40
4 W Right 1.43 ± 0.38 1.73 0.88 0.47 40

Left 1.49 ± 0.46 1.99 1.07 0 30
Total W Right 0.83 ± 0.47* 1.73 0.32 0.70 50

Left 0.99 ± 0.38* 1.99 0.38 0.80 42

*Asterisk shows significant difference between right and left or between male and female (p < 0.05). For abbreviations see Table 2 captions.
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CCG length, IGB total length, and CST length always 
differed significantly among all age groups (p < 0.05).  
Pospieszny and Bruzewicz [12] documented the val-
ues of all variables increased with increasing foe-
tal age, but they did not mention any significant 
differences for parametric values. In addition, our 
statistical analysis indicated that the difference in 
length was more significant than that in width and 
thickness.

CCG: The length CCG in pig foetus (3.03 mm,  
4.21 mm, 7.15 mm for age groups 1, 2, 3, respectively) 
was only a few millimetres greater than that of sheep 
foetus in different age groups. The CCG width in sheep 
foetus was more similar to that of pig foetus in the 
youngest age group (1.4 mm), while with increasing 
foetal age CCG width in foetal pig (2.62 mm, 3.67 mm 
for age groups 1, 2, respectively) tended to be slightly 
greater than that of foetal sheep. 

Pospieszny and Bruzewicz [12] concluded that the 
correlation of CCG length and CRL for each group of 
foetal pig was close to zero or even negative in the 
youngest age groups, average in the middle age group 
or highest in the oldest age group of foetal pig. On 
the contrary, in the present study, there was a posi-
tive correlation between CRL and CCG length and the 
highest rate of correlation belonged to age group 1. As  
a result, the correlation between them in the youngest 
foetal stage was negative in foetal pig, whereas such  
a correlation was always positive in foetal sheep.

MG: Its length in foetal sheep in different age 
groups was similar to that of pig foetus (2.23 mm, 
2.11 mm, 4.22 mm) for the age groups 1, 2, 3, respec-
tively [12]. No correlation between MG length and CRL 
was noted in foetal pig, which is not in line with the 
present findings. 

Neurovertebral growth relationships among cervi-
cal parts of sympathetic trunk, spinal cord and ver-
tebral column have not been paid any attention yet, 
although bilateral 8 embryonic sympathetic ganglia 
and trunk are located along the length of vertebral 
column, level with the body of each vertebra and 
are connected segmentally by grey communicating 
branches to ventral branch of spinal nerve [6]. Ghazi 
and Gholami [4] studied the growth changes of length 
of cervical parts of spinal cord and vertebral column 
in sheep from 60 to 150 days (divided into three age 
groups) and described the lengths of cervical parts of 
spinal cord/vertebral column were 50.10/50.17 mm, 
72.58/68.42 mm, and 98.00/91.67 mm in 3, 4, 5 month 
foetus, respectively and increased significantly. They 

also concluded that cervical parts of spinal cord and 
vertebral column in foetal sheep in all age groups grew 
more or less with the same pace. In the present study, 
CST lengths were 39.21 mm, 65.84 mm, 86.71 mm, 
and 108.24 mm in age groups 1, 2, 3, 4, respectively 
and increased significantly. By comparing the result of 
this investigation with those reported above, it can be 
concluded that although the length of cervical parts of 
spinal cord, sympathetic trunk, and vertebral column 
in foetal sheep increased with advancing foetal age, 
the CST was relatively more advanced in growth of 
length throughout foetal period than corresponding 
spinal cord and vertebral column.

Embryological accounts also seem to support the 
above conclusion. The initiation of neural crest cells’ 
immigration is related, both spatially and temporally, 
to the formation of neural tube and somites. In gener-
al, this process occurred as a rostrocaudal wave; how-
ever, the exact starting point of neural crest cells seems 
to be species-specific and can begin before, during or 
after neural tube formation [5]. Moreover, the actual 
formation of sympathetic ganglia takes place in rather 
early stages of development of embryo before spinal 
nerves start growing out [1]. Hence, it can be hypoth-
esis that cervical parts of spinal cord-vertebral column 
length is relatively passive in the differentiate process in 
comparison with the corresponding sympathetic trunk 
length. Such an elongation of CST may produce length-
ening and obliquity of grey communicating branch of 
CCG during foetal period and relative displacement of 
either caudal or cranial cervical ganglia. According to 
our previous publications, the caudal and cranial cervi-
cal ganglia tended to be located at the level of the first 
rib to fuse with the first one or two thoracic ganglia, 
forming cervicothoracic ganglion and at the level of cra-
nial base in foetal sheep, respectively [8–10], although  
8 embryonic cervical ganglia were located at the level 
of each vertebra [13]. However, detailed embryological 
and molecular investigations are needed on above-
mentioned hypothesis. 

In this study, the relative growth in the length of CST 
(dimensions of all components) in relation to CRL was 
negatively allometric during foetal period, similar to the 
findings on the relative growth length of CCG in relation 
to CRL in foetal pig [12] and the relative growth length 
of cervical parts of spinal cord and vertebral column to 
the total length of vertebral column in sheep [4].

On the other hand, the most striking finding of the 
present study is related to comparative foetal growth 
rates of CST length between sheep and pig during 
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foetal period. In the present study, the relative growth 
rate of CST length in relation to CRL declined with in-
creasing foetal age, which corresponded with findings 
of cervical spinal cord in relation to the total length of 
vertebral column in foetal sheep [4]. On the contrary, 
Pospieszny and Bruzewicz [12] documented that relative 
growth rate of CCG length in relation to CRL of foetal 
pig increased with increasing foetal age. Therefore, the 
highest growth rate in the length of CST and cervical 
part of spinal cord in foetal sheep was in the youngest 
foetal age, whereas the greatest growth rate of CCG 
length in foetal pig was in the oldest foetal stage. 

To shed light on this difference, it is essential to 
explore the previous recorded data on the compara-
tive parental growth rates and patterns of body tissues 
between sheep and pig during foetal period because 
the rapidity of growth of organs and even the growth 
of some parts of an organ are quite different in various 
animals at corresponding foetal period [6]. In this point 
of view, findings of following previous data support 
our results. Sivachelvan et al. [13] expounded that the 
increase in relative growth of body weight to CRL in 
sheep was greater during the second trimester, while 
the absolute growth of body weight was greater during 
the third trimester. McGadeay et al. [6] have computed 
growth curve for CRL in sheep during gestational age 
from reviewed literature and based on their data it can 
be concluded that the most growth of CRL was in the 
second trimester of pregnancy. When converting our 
foetal age groups into second and third trimesters, it 
seems that growth pattern of CST to CRL in sheep during 
foetal period occurred at the same trimesters and fol-
lows the same growth pattern of body weight, and CRL. 
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