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In this investigation, the developmental trend of the thoracic vertebral segments in sheep foetuses was 

studied. The study was carried out on 40 sheep foetuses aged between 9–20 weeks with no marked 

abnormality. The total and segmental lengths of the thoracic vertebrae were measured using a digi-

tized caliper. The total length of thoracic vertebral segments was increased with advancing gestational 

age (P<0.05). There were no differences between sexes in all parameters (P>0.05). Our findings on 

the foetal morphometrical characteristics of the sheep thoracic vertebral columns may provide valu-

able basic data for understanding and interpreting results from studies of the in vitro and in vivo re-

search on human spines.  
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INTRODUCTION 

Vertebral column of the domestic animals 

is an important portion of the axial skele-

ton, and the thoracic region is the longest 

part (Nickel et al., 1986). The roles of the 

vertebral column are well established. It 

protects the spinal cord, allows for muscle 

attachment, and acts as support structure 

(Liem et al., 2000). Majority of studies 

concerning the development of the verte-

bral column have been previously per-

formed in relation to its histological and 

radiological aspects. In histological view-

point, Wybrun (1944), Bardeen (1950), 

and O'Rahilly et al. (1990) studied the 

development of human vertebral column 

during gestational age. Neiss (1982) also 

worked on the ossification of the skeleton 

in sheep from the 4
th
 to the 10

th 
 weeks 

gestational age. The longitudinal growth 

of the foetal spine was radiologically de-

scribed in humans by Bagnall et al. 

(1979), Chen et al. (1991) and in primates 

by Majoral et al. (1997). 

Thoracic vertebral column of various 

adult quadrupeds  such as calves (Cotterill 

et al., 1986), sheep (Wilke et al., 1997), 

deer (Kumar et al., 2000), pigs (Bozkus et 

al., 2005), and rats (Bergmann et al., 

2006) have been studied by using direct 

measurement to validate theses species as 
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suitable models for in vivo and in vitro 

experiments of the human thoracic verte-

bral column. More recently, a comprehen-

sive review article was published to com-

pare the morphometric features of verte-

bral column in large animals to human 

vertebrae (Sheng et al., 2010). These au-

thors believe that sheep spine may be a 

useful model for experiments related to 

gross structure of the thoracic spine.  

There seems to be no available infor-

mation in literature concerning mor-

phometric changes of the vertebral col-

umn during foetal development in the do-

mestic animals and humans using direct 

measurement. Sheep have also been used 

as models for the experimental studies on 

foetal development (Hecker, 1983).  

Therefore, the aim of our study was to 

obtain quantitative anatomical data on 

segmental and total length of sheep tho-

racic vertebral column during foetal pe-

riod using direct measurement.   

MATERIALS AND METHODS 

This study was conducted on 40 sheep 

foetuses of both sexes (18 males and 22 

females). The foetuses were collected at 

slaughterhouse without any obvious ex-

ternal abnormality. Gestational ages of 

foetuses were calculated on the basis of 

the following criteria: (1) the measure-

ment of crown-rump length (CRL): from 

the elongated occipital eminence to the 

base of the tail (Sivachelvan et al., 1996), 

(2) external appearance (Evans & Sack, 

1973). 

The specimens were divided into 5 

groups according to gestational age (Table 

1). All specimens were fixed and pre-

served in 10% natural formalin solution 

by immersion.  Sex of foetuses was identi-

fied by external characteristics of the geni-

tal system (Evans & Sack, 1973).  

A ventral approach was made to ex-

pose the thoracic vertebral column. The 

1
st
 thoracic vertebra (T1) was identified 

by the first rib and after removing the at-

tachment of the longus colli muscle on 

ventral surface of the first five to six tho-

racic vertebrae. The vertebrae were num-

bered successively by counting their 

spines  and the articulations with the ribs. 

Two parameters were measured: length of 

each thoracic vertebral segment (length of 

vertebral body and its caudal interverte-

bral disc and total length of the thoracic 

vertebral segments (sum of the length val-

ues of the thoracic vertebral segments). 

The CRL was obtained using a meas-

uring tape and a caliper and the vertebral 

Table 1.  Crown-rump lengths, the case number distribution throughout the foetal period with re-

spect to weeks. Data are presented as means ± SD 

Sex Age  

group 
Foetal age  

(weeks) 

Crown-rump length  

(mm) 
female male 

1 6–8 115.00±51.16 3 3 

2 9–11 172.00±75.19 7 4 

3 12–14 220.00±37.10 4 3 

4 15–17 297.50±74.27 5 5 

5 18–20 396.70±59.20 3 3 

Total 6–20  22 18 
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segment was measured by an electronic 

slide caliper (150 mm; Mitutoyo Caliper, 

Japan) to an accuracy of 0.01 mm.  

Parametric values according to the age 

groups and gender were established using 

descriptive and analytical statistics in 

SPSS 16.0 and were expressed as 

mean±standard deviation. All results were 

evaluated by applying one-way analysis of 

variance (ANOVA) test and post hoc Tu-

key test for comparing the data in age 

groups. For comparison of the parameters 

values betweens sexes (for the whole cas-

es) independent samples t-test was used. 

The significance level was accepted at 

P<0.05. Statistically significant difference 

was not found for the CRL between sexes 

(P>0.05). 

RESULTS  

There were 13 thoracic vertebrae in all 

foetuses. The total length of the thoracic 

vertebral segments was 62.63± 41.10 mm 

in male and 63.07±5.08 mm in female. 

There was no gender difference (P>0.05). 

The total length of the thoracic verte-

bral segments was significantly different 

among age groups (P<0.05). The values 

of the total length of thoracic vertebral 

segments ranged from 27.95±1.69 mm to 

112.74±2.67 mm for age groups 1 to 5, 

respectively (Table 2).   

The developmental trend of total 

length of the thoracic vertebral segments 

was a gradual progress with increasing 

foetal age.  

The means and the standard deviations 

of the length of thoracic vertebral seg-

ments (T1–T13) are presented in Table 3. 

The T13 was the longest thoracic verte-

bral segment in all age groups. In age 

group 4 and 5, the shortest thoracic verte-

bral segment was T6, whereas T7 and T8 

were the shortest vertebral segments in 

age group 1. The shortest segment in age 

group 2 and 3 was T7.    

Table 2. Total length of thoracic vertebral 

segments during foetal period with respect to 

age groups. Data are presented as mean±SD 

(growth rate percentage) 

Age  

group 

Total length of the thoracic  

vertebral segment, mm 

1   27.95 ± 1.69 (–) 

2   44.04 ± 1.30 (57.56%) 

3   57.90 ± 1.99 (107.15%) 

4   77.43 ± 2.26 (177.03%) 

5 112.74 ± 2.67 (303.36%) 

 

In all age groups, the developmental 

trend of the length of the thoracic verte-

bral segments was a gradual decrease 

from the first vertebral segment (T1) to 

the sixth (T6) or seventh (T7) segment, 

while the length of the thoracic vertebral 

segments increased progressively from T7 

or T8 to the T13 (Table 3).  

DISCUSSION 

In our study, significant gender difference 

(P>0.05) on the length of thoracic verte-

bral column was not observed. These data 

are consistent with results reported by 

Vettivel (1991) in the human foetus. How-

ever, there were significant sexual differ-

ences in neonatal and adult rat vertebral 

column (Bergmann et al., 2006).     

 In the present study, comparison of 

the mean total length of the thoracic ver-

tebral segments showed that there was a 

significant difference among the age 

groups (P<0.05). This indicates that the 

dynamic developmental changes occur on 

the sheep thoracic vertebral column dur-

ing the foetal period.  
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With advancement of gestational age, 

the total length of thoracic vertebral seg-

ments was found to increase significantly 

during foetal period in sheep. This is in 

agreement with the findings of O'Rahilly 

et al. (1990) on the development of hu-

man thoracolumbar vertebral column. In a 

radiographic study on the longitudinal 

growth of the human foetal spine, Bagnall 

et al. (1979) mentioned that the length of 

thoracic vertebral bodies increased with 

advancing gestational age. 

 Our study showed that the highest 

growth rate of the foetal thoracic vertebral 

segments occurred approximately at the 

third trimester of pregnancy (from 12–14 

to 18–20 weeks). It was reported that the 

most visible growth changes in body dur-

ing the foetal period took place at the ter-

minal period of gestation in small rumi-

nants (McDonald et al., 1988; Sivachel-

van et al., 1996). In addition, muscular 

activities associated with foetal move-

ments are necessary for the development 

of foetal vertebral column (Bagnall et al., 

1977). 

In the present study, the longest tho-

racic vertebral segment was T13 in all age 

groups, which corresponded with findings 

of previous reports in sheep, humans, and 

pigs (Wilke et al., 1997; Bozkus et al., 

2005). However, Neiss (1982) described 

that sheep ossification centres for the first 

thoracic vertebral body appeared earlier 

than other part of the thoracic vertebral 

bodies. 

On the other hand, Wyburn (1944) 

suggests that cartilage formation in hu-

mans starts and progresses more rapidly in 

the lower thoracic than middle and upper 

thoracic vertebral column. In addition, 

according to findings of previous reports 

in human spine, ossification in the tho-

racic vertebral body appears first in the 

lower thoracic region (T12 and T13) and 

then spreads progressively to the higher 

and lower levels, though rather more ra-

pidly in the cephalic direction (Bagnall et 

al., 1977; Chen et al. 1991; Nolting et al. 

1998). Therefore, further radiographic 

studies on foetal thoracic vertebrae of 

Table 3.  Length of thoracic vertebral segments (mm) with respect to foetal age (means ± SD) 

Age groups (number) Thoracic verteb-

ral segment 
1  

(n=6) 

2  

(n=11) 

3  

(n=7) 

4  

(n=10) 

5  

(n=6) 

T1 2.27±0.31 3.84±0.51 5.18±0.68 6.94±0.83 9.09±0.37 

T2 2.21±0.43 3.43±0.53 4.16±0.50 6.14±0.81 8.76±0.56 

T3 2.19±0.44 3.21±0.48 4.25±0.70 5.85 ±0.79 8.61±0.58 

T4 2.08±0.47 3.26±0.55 4.14±0.49 5.71±0.92 8.22±0.58 

T5 2.04±0.48 3.13±0.46 4.19±0.44 5.61±0.75 8.18±0.48 

T6 2.01±0.38 3.11±0.51 4.13±0.51 5.23±0.81 8.05±0.69 

T7 2.00±0.41 3.00±0.48 4.03±0.37 5.34±0.74 8.07±0.64 

T8 2.00±0.41 3.05±0.48 4.19±0.52 5.46±0.69 8.08±0.86 

T9 2.04±0.48 3.20±0.44 4.30±0.41 5.54±0.74 8.40±1.01 

T10 2.14±0.53 3.40±0.44 4.48±0.43 5.74±0.84 8.59±0.93 

T11 2.18±0.53 3.56±0.46 4.64±0.50 6.07±0.94 9.14±0.70 

T12 2.28±0.56 3.73±0.57 4.91±0.62 6.47±0.84 9.52±0.88 

T13 2.48±0.55 4.06±0.59 5.20±0.60 7.29±1.21 9.89±1.21 

T – thoracic vertebral segment  
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sheep are required to confirm this diffe-

rence.  

Nickel et al. (1986) mentioned that in 

the domestic mammals the bodies of the 

middle thoracic vertebrae were shorter 

than other parts. Our findings showed that 

the shortest thoracic vertebral segments 

usually were T6 or T7 in all age groups. 

Therefore, this observation is in agree-

ment with findings reported by Nickel et 

al. (1986). This result might be associated 

with appearance of ossification centers for 

bodies in this region.  

In adult domestic ruminants the length 

of the bodies of the thoracic vertebrae is 

gradually diminished from the 1
st
 to the 6

th
 

or 7
th
; thereafter they progressively be-

came longer (Nickel et al., 1986). On the 

contrary, the bodies of the thoracic verte-

brae in humans progressively increased in 

length from the superior to the inferior 

part (Nickel et al., 1986, Kumar et al., 

2000). In this study, in all age groups, the 

developmental trend of the length of the 

thoracic vertebral segments was gradually 

decreased from the first vertebral segment 

(T1) to the sixth or seventh vertebral, 

while the length of the thoracic vertebral 

segments was  increased progressively 

from T7 or T8 to T13, which is consistent 

with findings in adult sheep (Wilke et al., 

1997).  

Segmental and total vertebral growth 

pattern in foetal sheep seems to be some-

what similar to those in human foetus. The 

only difference was in the developmental 

trend of the length bodies of the thoracic 

vertebrae. The documentation of accurate 

normal foetal growth of sheep thoracic 

vertebral segments may open  new in-

sights for regional similarities and differ-

ences and in development of overall body 

form and related structures between ani-

mals and humans. 
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