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 Material and Methods:  

 With the use of CT, digital-image analysis and statistical analysis the normative growth 

of vertebra C4 and its three ossification centers in 55 spontaneously aborted human 

fetuses (27 ♂, 28 ♀) aged 17-30 weeks was examined.  

Conclusions:  

 1. The morphometric parameters of the C4 vertebra and its three ossification 

centers show no sex differences.  

 2. The C4 vertebral body increases logarithmically in height and both sagittal 

and transverse diameters, linearly in cross-sectional area, and four-degree 

polynomially in volume.  

 3. The three ossification centers of the C4 vertebra grow logarithmically in both 

transverse and sagittal diameters, and linearly in both cross-sectional area and 

volume. The age-specific reference intervals for the evolving C4 vertebra may 

be useful in the prenatal diagnosis of congenital spinal defects.  

 NEW ANATOMICAL GROWTH PATTERNS  

OF THE FETAL C4 VERTEBRA 

Sagittal-to-transverse diameter ratio of vertebral body C4
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Sagittal diameter of vertebral body C4 = -3.886 + 2.272 x ln(Age) ± 0.222

P=0.0000        R2=0.73

14 16 18 20 22 24 26 28 30 32

Gestational age (weeks)

2,0

2,2

2,4

2,6

2,8

3,0

3,2

3,4

3,6

3,8

4,0

4,2

4,4

S
a

g
it
ta

l 
d

ia
m

e
te

r 
o

f 
v
e

rt
e

b
ra

l 
b

o
d

y
 C

4
 [

m
m

]

Transverse diameter of vertebral body C4 = -7.077 + 3.547 x ln(Age) ± 0.356

P=0.0000        R2=0.72
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Height of vertebral body C4 = -3.866 + 2.225 x ln(Age) ± 0.238

P=0.0000        R2=0.69
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Volume of vertebral body C4 = 14.108 + 0.00007 x Age4 ± 6.289

P=0.0000        R2=0.83

14 16 18 20 22 24 26 28 30 32

Gestational age (weeks)

10

20

30

40

50

60

70

80

90

100

V
o

lu
m

e
 o

f 
v
e

rt
e

b
ra

l 
b

o
d

y
 C

4
 [

m
m

3
]

Cross-sectional area of vertebral body C4 = -7.205 + 0.812 x Age ± 1.668

P=0.0000        R2=0.76
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Sagittal-to-transverse diameter ratio of ossification center of vertebral body C4
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Cross-sectional area of ossification center 
of vertebral body C4 = -4.690 + 0.437 x Age ± 1.172

P=0.0000        R2=0.63
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Transverse diameter of ossification center of vertebral 
body  C4 = -8.836 + 3.708 x ln(Age) ± 0.334

P=0.0000        R2=0.76

14 16 18 20 22 24 26 28 30 32

Gestational age (weeks)

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

5,0

T
ra

n
s
v
e

rs
e

 d
ia

m
e

te
r 

o
f 

o
s
s
if
ic

a
ti
o

n
 c

e
n

te
r 

o
f 

v
e

rt
e

b
ra

l 
b

o
d

y
 C

4
 [

m
m

]

Sagittal diameter of ossification center of vertebral 
body C4= -7.748 + 3.240 x ln(Age) ± 0.237

P=0.0000        R2=0.83
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Width of ossification center of left neural process 
of vertebra C4= -5.621 + 2.519 x ln(Age) ± 0.146

P=0.0000        R2=0.88
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Width of ossification center of right neural process 
of vertebra C4= -5.806 + 2.587 x ln(Age) ± 0.146

P=0.0000        R2=0.88
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Length of ossification center of left neural process 
of vertebra C4 = -15.804 + 6.912 x ln(Age) ± 0.471

P=0.0000        R2=0.85

14 16 18 20 22 24 26 28 30 32

Gestational age (weeks)

2

3

4

5

6

7

8

9

L
e

n
g

th
 o

f 
o

s
s
if
ic

a
ti
o

n
 c

e
n

te
r 

o
f 

le
ft

 n
e

u
ra

l

p
ro

c
e

s
s
 o

f 
v
e

rt
e

b
ra

 C
4

 [
m

m
]

Length of ossification center of right neural process 
of vertebra C4 = -19.601 + 8.018 x ln(Age) ± 0.369

P=0.0000        R2=0.92
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Volume of ossification center of left neural process 

of vertebra C4 =-11.038 + 1.061 x Age ± 1.964

P=0.0000        R2=0.80
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Volume of ossification center of right neural process 
of vertebra C4 = -13.802 + 1.222 x Age ± 1.872

P=0.0000        R2=0.84

14 16 18 20 22 24 26 28 30 32

Gestational age (weeks)

2

4

6

8

10

12

14

16

18

20

22

24

26

28

V
o

lu
m

e
 o

f 
o

s
s
if
ic

a
ti
o

n
 c

e
n

te
r 

o
f 

ri
g

h
t 

n
e

u
ra

l

p
ro

c
e

s
s
 o

f 
v
e

rt
e

b
ra

 C
4

 [
m

m
3
]

Cross-sectional area of ossification center of left neural process 
of vertebra C4 =-7.570 + 0.768 x Age ± 2.200

P=0.0000        R2=0.60
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Cross-sectional area of ossification center of right neural process
of vertebra C4 = -9.188 + 0.856 x Age ± 2.174

P=0.0000        R2=0.67
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Volume of ossification center of vertebral body C4 = -5.917 + 0.582 x Age ± 1.157

P=0.0000        R2=0.77
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Results: 
 


