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SUMMARY: Understanding normal fetal growth rates of the vertebral column, and between species, provide a basis to establish
reference values for evaluation of body development and estimation of fetal age by ultrasonography. Goats are also widely used in
biomedical prenatal research and are still considered a key to understanding the skeletal development. This study was carried out to
clarify growth of length of vertebral column at segmental, regional, and total level of vertebral column in the fetal goats during different
gestational age. The length of each vertebral segment of 25 goat fetuses, aged between 6 and 20 weeks were measured for each vertebra
using a digital caliper. Our study demonstrated differences among various fetal ages in terms of regional, segmental, and total growth rate
of the length of vertebral segments. With increase of fetal age, the relative length of vertebral segments of cervical, thoracic and lumbar
regions diminished, whereas sacral and caudal regions increased in relative length. The thoracic vertebrae were the longest followed by
cervical, lumbar, caudal, and sacral regions except at the oldest fetuses where caudal region became longer than lumbar region. Although
the longest and shortest vertebral segments in cervical and lumbar regions were consistent among age groups, the trend of segmental
growth of the vertebral regions was variable. Based on these detailed findings, the relative regional lengths of vertebral column were
essentially different among fetal goats, humans, and neonatal rats. There is also a general trend of increasing segmental and regional
initial growth and there is a relatively significant increase in growth rate caudally along the column during fetal period. This research
yield important results that may be also useful for future orthopedic studies that contemplate the use of goat as a new model for the
human spine.
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INTRODUCTION

pigs, and sheep (Kettler et al., 2007) large animals (Sheng
et al.,2010). These studies which claimed morphometrical

The median unpaired vertebral column of the
domestic mammals consists of a fairly constant number of

bones, extending from the head to the tail. Vertebral column
houses and protects the spinal cord, allows for muscle
attachment, and acts as a support structure (Nickel et al.,
1986). The progress of the human spinal research depends
on the development achieved in laboratory—and animal based
scientific studies (Wang et al., 2015). In addition, due to
limited availability of human cadaver spine, researchers are
constantly seeking for representative animal models that
reflect the anatomical and biomechanical characteristics of
the human and spine sheep (Wilke et al., 1997; Mageed et
al., 2013; Wang et al.) deer (Kumar et al., 2000) calves,

data on the characteristics anatomy of the animal spine are
essential for designing and interpreting results from studies
using this animal. They also found that the deer, sheep, and
bovines are useful models for human spinal orthopedic
research due to their similarity in morphometrical features
of the thoracolumbar spine, with certain limitation for the
cervical spine.

To comprehend completely the morphometrical
variations of the vertebral column between the animals and
humans, more attention should be paid on their ontogenesis.
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In this respect, literature pertaining to the morphometrical
development of the various parts of the vertebral column in
the fetal period of the domestic animals and humans, using
direct measurements, is notably sparse. Recently, such
experiments have been carried out by Nourinezhad et al.
(2013), in the thoracic region of the vertebral column in the
sheep during the fetal period, respectively. According to
them, the segmental and total vertebral growth pattern in
the fetal sheep are similar to those in the fetal humans.

On the other hand, understanding normal fetal growth
rates of the vertebral column, and between species, provide
a basis for the establishing of reference values for evaluation
of the maturation, regional differences in growth that
influence overall body form, and estimation of fetal age in
ultrasonography. Kandiel ez al. (2015) in the goat and San-
tiago-Moreno et al. (2005) in the sheep have measured, by
ultrasonography, the length of thoracic and lumbar vertebrae
to estimate fetal age and fetal growth. Accordingly, because
of their size and development rate close to that of the human
fetus, the small ruminants (sheep and goat) have been the
model of choice for research on skeletal development (Morel
et al.,2012), and because no information has been reported
dealing with fetal development of the entire vertebral column
in the goats , the present study was carried out to clarify the
prenatal metric growth of the goat vertebral column at the
regional, segmental, and total levels in the fetal period during
different gestational ages using direct measurements, to com-
pare with those of previous reports in the adult animals and
humans.

MATERIAL AND METHOD

Twenty five goat fetuses were used in this study. The
specimen without macroscopically visible lesions or other
gross abnormalities were collected from a local abattoir. The
fetuses were fixed by immersion in 10 % natural formalin.
The estimated age of the fetuses was ascertained from crown-
rump length (CRL) and the external appearance (Sivachelvan
et al., 1996). The specimen with 10 to 37 cm body length
were classified into 5 groups, including 6-8, 9-11, 12-14,
15-17, and 18-20 weeks (Sivachelvan et al., 1996) and 5
animals were included in each group.

A midline ventral skin incision was made from atlas
to pelvic symphysis. Then, all the visceral structures, the
attached muscles and surrounding tissues throughout the
ventral surface of entire vertebral column were removed by
a carful surgical dissection, leaving ligaments and
intervertebral discs intact to maintain the physiological
curvature of the spine.

The vertebral segments of
entire vertebral column for each
region were distinguished by the
osteological features of the vertebral
column in goat reported by Nickel
et al. All rib-bearing vertebrae have
been regarded as thoracic, and all
vertebrae with elongated transverse
process lying caudal to the rib-
bearing vertebrae have been termed
lumbar. The first sacral vertebra has
been recognized by articulation of
its transvers process with the wing
of ilium. The first caudal vertebra
has been designated by the
interarcuate space between the
sacrum and first caudal vertebra
through bending the tail
downwards. The positions of the
boundaries for the various regions
of the vertebral column were shown
in Fig 1. After that, the number of
vertebrae of the vertebral of column
in the various regions was counted
and then following variables were
analyzed. Because the pattern of the
vertebral length as a good indicator
tended to be different from other
vertebral dimensions, as reported by
Kida et al. (1999), in the present
study the length of the vertebral
segments was measured as follows.

Fig 1. Ventral view of the fetal goat
showing the boundaries of the various
regions of the vertebral column
(indicating by pins) and definition of
the vertebral segment (VS) of the ver-
tebral column in the female fetal goat,
CR length : 28 cm. 1. Atlas; 2. Ventral
lamina of transvers process of sixth
cervical vertebra; 3. Intervertebral disc
between seventh cervical and first
thoracic vertebrae; 4. Transvers process
of first lumbar vertebra; 5.
Intervertebral disc between thirteen
thoracic and first lumbar vertebrae; 6.
Intervertebral disc between sixth lum-
bar and first sacral vertebrae7. First
ventral sacral foramen; 8. Intervertebral
disc between last sacral and first cau-
dal vertebrae; 9. Last caudal vertebra,
B. Vertebral body. Scale bar=0.5 cm.
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1. Length of each vertebral segment (length of the vertebral
body and its caudal intervertebral disc, Fig. 1) according to
the methods of Nourinezhad et al.

2. Regional lengths of the vertebral segments of entire ver-
tebral column (sum of the length of the vertebral segments
for each region).

3. Total length of the vertebral segments (sum of the total
regional lengths of the vertebral segments of the vertebral
column).

The length of each vertebral segment was measured
three times using a digital caliper (Mitutoyo, Japan) to an
accuracy of 0.05 mm and then the mean values were
recorded. SPSS 16.0 for windows statistics software was
used to compute the means and standard deviation values of
all the parameters. All results were evaluated by applying
one-way analysis of variance (ANOVA) test and post hoc
Tukey test was used for comparing the data in age groups.
The significance level was accepted at P<0.05. In addition,
to investigate the differential growth of the various regions
of the vertebral column, the relative lengths of the regions
were computed and expressed as percentages of the entire
column.

RESULTS

Numerical vertebral variations. The vertebral column
of the fetal goat consisted of 39- 43 vertebrae. The vertebral
column usually consisted of 7 cervical (C), 13 thoracic (T),
6 lumbar (L), 5 sacral, 8-12 caudal or coccygeal (Co)
vertebrae, while the vertebral formula exhibited the lumbar
and caudal vertebral variations. At 6-8 weeks, 7 lumbar (one
goat), 8 caudal (two goats) and 9 caudal (two goats) vertebrae
was documented. At 9-11 weeks, 8 caudal (one goat) and 10
caudal (three goats) vertebrae was found. At 12-14 weeks, 9
caudal (two goats) and 11 caudal (two goats) vertebrac was
observed. At 15-17 weeks, 10 caudal (two goats) and 11
caudal (two goats) vertebraec was observed. At 18-20, 10
caudal (one goat) and 11 caudal (three goats) vertebrac was
noted.

Total and regional lengths of the vertebral segments.
The trend of the total lengths of the vertebral columns and
the trend of the regional lengths of the vertebral segments
of the vertebral column are shown in Figs. 2 and 3.

According to Table I, total and regional lengths of
the vertebral segments differed significantly among the age
groups except at 9-11 weeks and 15-17 weeks relative to
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their previous age groups. However, those variables in the
lumbar region differed significantly, except in 15-17 weeks
relative to the previous age group.

Differential growth of the regions of the vertebral
column was calculated, and it was noted that the percentages
of the total column occupied by the various regions vary
from one stage to another (Table II). The total length of the
vertebral segments of the vertebral column increased from
6-8 weeks until 18-20 weeks 361 %. The total length of the
vertebral segments of the vertebral column in the cervical,
thoracic, and lumbar regions was 330 %, 329 %,and 316 %,
respectively, which was lesser than that of the total length
of the vertebral column. However, the total length of the
vertebral segments of the vertebral column in the sacral and
caudal regions was 400 % and 624 %, respectively, which
was greater than that of the total length of the vertebral
segments of the vertebral column (Table I).
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Fig. 2. The graph showing variations in the total lengths of verte-
bral column in different age groups of fetal goat.
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Fig. 3. The graph showing variations in the relative regional lengths
of vertebral column in different age groups of fetal goat

According to Table I, the comparative percentage of
the regional lengths of the vertebral segments in each region
between the oldest and youngest age group showed, that the
regional length of the cervical, thoracic, and caudal verte-
bral segments diminished, while the regional length of the
sacral and caudal vertebral segments increased.
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Table 1. Means and SD and the percentage of the regional length in goat fetus in different age groups

(mm).
6-8 weeks 9-11 weeks 12-14 weeks 15-17 weeks 18-20 weeks
Cervical — 22.68+3.79% 32.59+ 1.69% 55.07+3.75¢ 56.65+3.65¢ 74.96+9.75¢
(25.34 %) (24.38 %) (24.76 %) (22.22 %) (22.83 %)
Thoracic ~ 28.70+3.81° 42.1243.61™ 65.40+ 4.85° 78.69+3.47% 94.55+11.63°
(32.07 %) (31.51 %) (29.41 %) (30.87 %) (28.97 %)
Lumbar 19.6642.47 27.2143.06% 43.36+3.26° 48.86+3.26% 62.23+3.26¢
(21/96 %) (20.35 %) (19.5 %) (19.17 %) (18.98 %)
Sacral 8.50+1.76" 13.11%1.46™ 23.11£2.7° 26.64+£2.21% 34.01+4.78°
(949 %) (9.80 %) (10.39 %) (10.45 %) (10.35 %)
Caudal 9.95+3.19° 18.64+3.79% 35.40+ 5.92¢ 44.0143.95% 62.58+9.84°
(11.11 %) (13.94 %) (15.92 %) (17.26 %) (19.6 %)
Total 91.92+15.90° 136°.09+7.98" 226.84+11.99° 260.4+14.42% 332.25+41.39°
(100 %) (100 %) (100 %) (100 %) (100 %)

Means in a row with different small superscript letters (a

The longest regional vertebral segments of the ver-
tebral column belonged to the thoracic region in all age
groups followed by the cervical, lumbar, and sacral regions
except at 18-20 weeks where the caudal region became
longer than the lumber region (Table I).

Segmental growth pattern of the length of each ver-
tebral segment for each vertebral region (Fig. 4). According
to Table II, the length of all vertebral segments does not
differ significantly between the 6-8 weeks and 9-11 weeks
except in T9 and L2-L5.

The length of all vertebral segments differed
significantly between 12-14 weeks and 9-11 weeks except
in Co7-11(Table II).

The length of all vertebral segments differed
significantly between 18-20 weeks and 15-17 weeks except
in C7 and T2-6 (Table II)
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,b, c,d, e) are statistically different (p < 0.05).

The length of most vertebral segments did not differ
significantly at 9-11and 15-17 weeks relative to their
previous groups except at T9, L2-5 and L4 (in 9-11 weeks)
and T9-13(in 15-17 weeks, Table II).

In the cervical region, the length of the vertebral
segments gradually declined from C2 to C7. In the cervical
region of all the age groups, C2 and C7 were the longest and
the shortest segments, respectively (Table II).

In the thoracic region, the length of the vertebral
segments gradually declined and then gradually increased.
In the thoracic region of all the age groups, T13 was the
longest vertebral segment. The shortest was T8, T7,T6, and
TS in age group 6-8, 9-11, 12-14, 15-17, and 18-29 weeks,
respectively (Table II).
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Fig. 4. The graph showing variations in the segmental lengths of vertebral column in different age groups of fetal goat
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