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SUMMARY

The present study includes the topographic relations between the spinal
cord segments and the skeletal landmarks of the corresponding Corpus
vertebrae in camel, in addition to the length and diameters of the
spinal cord segments and the number of rootlets of the spinal nerves.

The cervical portion of the spinal cord extends from the For. magnum
till the caudal margin of the last cervical vertebra. A caudal displace-
ment of the thoracic segments begins at the tenth one and continues
caudally till the end of the thoracic region. However, a cranial displace-
ment takes place at the seventh lumbar spinal cord segment.

The cervical enlargement in camel extends from C. to T._, while the
lumbar one extends from L6 to S,. In these two positions, the number
fo rootlets of the spinal nerves reach their maximum.

The present study revealed that the spinal cord terminates at the
junction between the 2nd and 3rd sacral vertebrae. Its avarage length
is about 213.6 cm.

INTRODUCTION

The topographic relationship between the spinal cord and the vertebebrae was examined by
THIEL (1941) in dog; SEIFERLE (1939) and HABEL (1951) in Cattle and horse; GOLLER (1957) in
sheep; THOMAS/ COMBS (1962, 1965) in cat and ‘monkey; JENKINS (1972) and DELLMANN/McCLVRE
(1975) in horse. However, the informations about such relationship in the dromedary camel are
very little. This investigation was carried out- to study the topographic relation between the spinal
cord and the vertebrae, in addition to the length and level of termination of the cord in camel.

MATERIAL and METHODS
The present work was carried out on 8 adult healthy animals of the species Camelus dromedar-
ius. The animals were anesthesied, bled and injected with 10% formalin solution. Each spinal cord

was exposed both dorsally by laminectomy and laterally through a paramedian section using an
electric bone saw.

RESULTS

I - Length of the spinal cord segments (Table 1):

The segment length in the cervical region increases sharply from C1 (5.5 em), to C5 (16.5
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cm), then a rapid decrease in segment length occurs till T, (4.6 cm). In the thoracic region, the
segment length shows a slight increase from Tq till Ts thenafter an approximate equal values with
avarage between 7.2 to 7.6 cm are found till Tqp. The lumbar region shows a progressive decrease
in segment length from L4 (63 cm) to Ly (1.95 cm) followed by a slight decrease from L; to
the end of the spinal cord at Cag (0.6 cm).

The avarage length of the spinal cord in camel reaches 213.60 cm measured from the For.
magnum till its termination at the junction between the 2nd and 3rd sacral vertebrae. However,
it may terminate at the cranial 1/3 of the second sacral vertebra.

- Transverse and dorsoventral diameters of the spinal cord segments (Table 2):

The diameters of the spinal cord become large at the cervicothoracic and lumbosacral regions
forming the Intumescentia cervicalis (cervical enlargement) and Intumescentia lumbalis (lumbar enla-
rgement). The two enlargements represent the origin of the brachial and lumbosacral plexuses.
At these two positions the rootlets of the spinal nerves reach their maximum number, however,
the number of rootlets are generally larger in the ventral roots of the spinal nerves than the dorsal
ones (Table 3).

l- Relation between the spinal cord segments and the corresponding Corpus vertebrae (Fig. 1):

The first cervical spinal cord segment lies entirely within the atlas, while the second segment
occupies the cranial 2/3 of the axis. The 3rd to the 7th cervical segments undergo a cranial-displa-
cement from their corresponding vertebrae by a distance ranging between 5.7 - 9.5 cm. The maxi-
mum cranial displacement is found at the 4th cervical segment, while the minimum one located
at the 7th segment. The last cervical segment occupies the caudal 2/3 of the last cervical vertebra.

The first thoracic spinal cord segment occupies the cranial half of the 1st thoracic vertebra,
while the 2nd, 3rd and 4th thoracic segments are completely cranially displaced from their correspon-
sing vertebra to occupy the body of the preceeding one. The 5th to the 8th thoracic segments
show a cranial displacement in which its maximum (6.5 cm) lies at the 5th segment (which occupies
the caudal half of the 4th and the cranial half of the 5th thoracic vertebrae) and the minimum
(3 em) is found at the Bth thoracic segment. The 9th thoracic segment terminates at the level
of the caudal border of the body of its corresponding vertebra, while the last three segments show
caudal displacement ranging between 2-3.5 cm.

The first five lumbar segments show variable degree of caudal displacement ranging between
1 - 4.8 cm, the maximum lies at the 2nd and -the minimum® at the 5th segment. The last two
lumbar segments lie within the 6th lumbar vertebra as the 6th segment occupies the middle part
of the vertebra and the 7th segment occupies the remaining caudal portion.

The five segments of the sacral part of the spinal cord are included within the last lumbar
vertebra. while the pars caudalis of the spinal cord, which includes five segments, are located
in the first two sacral vertebrae at which the spinal cord terminates.

VI- Relation between the spinal cord segment and the spinous processes:
This relation was done by making a vertical line between the caudal part of the summits
of the spinous process and the corresponding spinal cord segment.

The dorsal tubercle of the atlas is vertically related to the cranialmost 1/5 of the second
cervical segment. The spinous process of the axis lies opposite to the cranial 1/3 of the 3rd cervical
segment, while that of the 3rd cervical vertebra is vertically related to the corresponding cervical
segments, while that of the last cervical vertebra is vertically related to the caudal limit of the
8th cervical segment.

Assiut Vet.Med.l Vol. 15, No. 29, 1985.
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The spinous process of the first thoracic vertebra lies opposite to the middle of the 3rd thora-
cic segment, those of the 2nd, 3rd and 4th thoracic vertebrae are vertically related to the caudal-
most 1/5 of the 4th, 5th and 6th thoracic segments respectively. Moreover, the spinous processes
of the 5th, éth and 7m_thoracic_vertebrae are in relation with the middle of the 7th, Bth and
9th thoracic segments respectively, while that of the Bth thoracic vertebra is vertically related
to the cranial 1/3 of the 10th thoracic segment.

The spinous processes of the 9th and 10th thoracic vertebrae lie opposite to a segment next
to its corresponding one, while those of the last two thoracic vertebrae are vertically related to
their corresponding segments.

The spinous process of the first lumbar vertebra lies vertical to the caudalmost 1/3 of the
last thoracic segment, that of the 2nd and 3rd lumbar vertebrae are placed opposite to the caudal-
most 1/4 of the 1st and 2nd lumbar segments, while that of the 4th lumbar vertebra lies against
the caudalmost 1/6 of the 3rd lumbar segment. On the other hand, the spinous processes of the
5th and 6th lumbar vertebrae are placed opposite to their corresponding segments. Moreover, the
spinous process of the last lumbar vertebra lies opposite to the middle of th 4th sacral segment.

V - Relation between the spinal cord segments and the transverse processes (Fig- 2):
This relation was done by making a transverse line from the caudolateral angle of the trans-
verse process to the spinal cord segment. :

The wing of the atlas lies opposite to the cranial 1/3 of the 2nd cervical segment, while
the transverse processes of the 2nd and 3rd cervical segments are at the middle of the 3rd and
4th cervical segments. Moreover, the transverse processes of the 4th and 5th cervical vertebrae
lie opposite to the cranial 1/3 of the 5th and 6th cervical segments, while that of the 6th cervical
vertebra is placed oposite to the middle of the 7th cervical segment. However, the transverse
process of the last cervical vertebra lies opposite to the caudal end of the Bth cervical spinal
cord segment.

The transverse processes of the first seven thoracic vertebrae lie opposite to a segment next
to its corresponsing one, while the last five transverse processes are placed opposite to their corres-
ponding segments.

The transverse processes of the lumbar vertebrae are generally related transversly to their
corresponding lumbar spinal cord segments.

The cranial border of the wing of sacrum lies opposite to the caudal end of the 3rd sacral
segment, while the caudal border is placed opposite to the last caudal spinal segment.

DISCUSSION

The relation between the first cervical spinal cord segment and its corresponding Corpus
vertebra in camel is similar to that recorded by HABEL (1951) in horse, HOLLINSHEAD (1958) in
man, FIETCHER/KITCHELL (1966) in dog and MANSOUR (1980) in donkey. The whole cervical part
of the spinal cord occupies its corresponding cervical portion of the vertebral column in camel,
however, the cervical spinal part is displaced caudally in horse to terminate at the cranial part
of the first thoracic vertebra as stated by DELLMANN/McCLURE (1975).

The cranial displacement of the thoracic spinal segments from the 2nd to the Bth in camel
are similar to the results obtained by SHARMA/RAOQO (1971) in indian buffalo.

Assiut Vet.Med.l. Vol. 15, No. 29, 1985.
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The caudal displacement which was observed in the position of the last, 3 thoracic segments
and begins at the 10th in the camel, was also observed in the indian buffaloe by SHARMA/RAO
(1971) begining at the 9th segment. Such caudal displacement was recorded also by SEIFERLE (1939)
in horse.

The caudal displacement includes the first five lumbar spinal cord segments as in camel,
while it includes only the first two lumbar segments in horse (HABEL, 1951) and cattle (DELLMANN/
McCLURE, 1975) and only the first segment in 'donkdy (MANSOUR, 1980).

The cranial displacement which begins in camel at the 7th lumbar segment, was observed
also in the Egyptian buffaioe at 6th segment (ABU-ZAID, 1982), 4th in cattle (DELLMANN/McCLURE,
1975), 3th in donkey (MANSOUR, 1980) and at the 2nd lumbar segment in indian buffaloe (SHARMA/
RAO, 1971).

The cranial displacement in domestic animals is more pronounced in dog in which the three
sacral segments lie within the caudal 2/3 of the 5th and the cranial 1/4 of the 6th lumbar verteb-
rae, however, the sacral part of spinal cord in man lies within the 1st lumbar vertebra as stated
by SEIFERLE (1975).

The termination of the spinal cord in camel in the sacral fegion resembles that described
by SHARMA/RAO (1971) in indian buffaloe at the middie of the sacrum and by ABU-ZAID' (1982)
in Egyptian buffaloe at the cranial limit of the 3rd sacral vertebra. However, the termination of
the spinal cord in ox was reported by HABEL (1951) at the first sacral vertebra, by CLAIR/
HARDENBROOK (1956) at the second and / or at the middle of the sacrum as stated by McCLEOD
(1958).

The cervical enlargement in camel extends from Cg to Ty similar to that observed in Egyptian
buffalo (ABU-ZAID, 1982}, however, it extends from Cg to T1 in dog (JENKINS, 1972) and sheep
(GOLLER, 1957); from Cs to 77 in cattle (SEIFERLE, 1939) and man (MITCHELL, 1973) and from
Cs to T2 in donkey (MANSOUR, 1980). The cervical enlargement is restricted in the cervical seg-
ments as in cat from Cg to Cy (SHURMANN, 1951).

The lumbar enlargement extends from Lg to 59 in camel, however, it extends from L2 to
S4 in indian buffalo (SHARMA/RAD, 1971) and donkey (HIFNY,/AHMED/MANSOUR, 1982), from
L4 to Sq in sheep (GOLLER, 1957) and from Ly to S, in Egyptian buffalo (ABU-ZAID, 1982). The
lumbar enlargement is restricted in the lumbar region as in hotse from L, to Lg and from L, to
Lg in cattle (SEIFERLE, 1939).

The camel possesses the longest spinal "cord among the large domesticated animals with an
average of 213.60 cm, however, in horse it ranges between 180-200 cm and in cattle 160-180
cm as recorded by SEIFRLE (1975). The spinal cord in indian buffaloe reaches 138.67 cm as reported
by SHARMA/RAO (1971), while in old Egyptian buffaloe it reaches 188.65 cm as measured by ABU-
ZAID (1982). However, the length of the spinal cord in cat reaches 40 em and in man 42-45 cm
as stated by SEIFRLE (1975).
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Segment length (in cm)

Table (1)

S.L.* Mean Range SiLo* Mean Range

c, 05.50 04.65-06.50 b 06.30 05.00-07.10
G 11.00 09.00-13.30 L, 06.10 04.85-06.90
::23 16490 12.80-17.00 5 0530  04.40-06.00
<, 16.10 12.70-18.35 4 04.90 04.15-05.35
? 16.50 12.20-19.50 = 04.40 03.75-04.75
A 13.20 10.95-16.80 L 03.20 02.40-03.80
o 08.90 07.40-09.55 L, 01.95 01.60-02.60
G 05.50 04.40-06.15

S, 01.50 01.15-01.70
T, 04.60 03.70-05.30 S, 01.30 00.95-01.45
T, 04.80 03.90-05.70 Sy 01.10 00.90-01.20
7 05.90 03.70-07.00 S, 00.95 00.85-01.05
15 06.80 04.55-07.70 Sg 00.85 00.60-00.90
T 07.40 05.36-08.65
Tz 07.30 - 05.24-08.75 Ca, 60.75 00.70-00.90
T 07.60 05.35-08.80 Ca, 00.70 00.65-00.90
T, 07.25 05.40-07.95 Cay 00.70 00.65-00.80
Ty 07.50 04.50-09.25 Ca, 00.65 00.55-00.75
T 07.20 04.70-07.95 Cag 00.60 00.40-00.60
L% 07.25 05.10-08.70
T 07.15 05.25-07.80

* Segment length

Assiut Vet.Med.l. Vol. 15, No. 29, 1985.
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Table (2)
Transverse diameter (in cm)

T.D.* Mean Range T.D.* Mean Range
C1 1.30 1.10-1.40 L4 1.00 0.95-1.10
c 2 125 1.00-1.50 L 2 1.04 0.95-1.20
c 3 1.25 1.00-1.50 L 3 1.14 1.05-1.30
5 4 1.24 1.05-1.50 L 4 1.19 1.10-1.30
& 5 1.50 1.05-1.50 L 5 1.20 1.10-1.30
C6 1.44 1.15-1.60 L 6 1.36 1.20-1.45
& 7 1.60 1.35-1.70 L 7 1.38 1.10-1.50
c 8 1.66 1.40-1.80

S 1 1.26 1.00-1.45
T 1 1.54 1.35-1.65 S 2 0.98 0.80-1.20
i & 2 1.36 1.30-1.45 5 3 0.70 0.65-0.80
i 3 1.10 0.95-1.25 5 4 0.56 0.45-0.70
T 4 1.05 0.90-1.20 S 5 0.49 0.35-0.60
T 5 1.04 0.85-1.20 -
T 6 1.00 ~ 0.80-1.20 Ca 1 0.45 0.40-0.50
I - 0.98 0.80-1.10 Ca 2 0.40 0.35-0.45
T 8 0.99 0.85-1.10 Ca 3 0.40 0.35-0.45
T 9 0.99 0.85-1.10 Ca 4 0.27 0.25-0.40
T 10 0.98 0.75-1.10 Ca 5 0.23 0.20-0.35
b 1 0.99 0.85-1.10
] 12 0.99 0.85-1.10
i 12 0.98 0.90-1.00

*  Transverse diameter
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Table (3)
The number of nerve rootlets

No. of Nerve Ventral Dorsal No. of Nerve Ventral Dorsal
nerve rootlets root root nerve  rootlets root root
Cc L

1 24 14 10 1 42 25 17
2 30 17 13 2 40 24 16
3 34 21 13 3 38 22 16
4 34 22 12 4 38 22 16
5 40 22 18 5 40 25 15
6 44 26 18 6 46 30 16
7 52 33 19 7 52 33 19
8 70 42 28
: S
1 66 40 26 1 50 30 20
74 26 14 12 2 32 22 10
3 28 17 1 3 30 18 12
4 28 17 11 4 26 16 10
5 30 16 14 5 20 12 8
6 34 18 16 Ca
7 36 22 14 g 16 10 6
8 36 22 14 Y4 16 10 [
9 38 21 17 3 12 7 5
10 40 22 18 4 10 6 4
1 44 26 18 5 8 5 =15
12 44 27 17
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Fig. (2): Dorsal dissection of the vertebral column showing the relationship between
the transverse processes of the vertebrae and the spinal cord segments.
(The lines on the right represent the levels of the transverse proceses)
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