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Abstract : The authors dissected a 5-year—old male baboon and examined the
structure and bone mineral density (BMD) of the vertebrae. The baboon backbone
consisted of 7 cervical, 12 thoracic, 7 lumbar, 3 sacral, and 19 coccygeal vertebrae. It
was observed that long accessory processes were present in the 10th-12th thoracic and
the 1st-5th lumbar vertebrae.  The superior articular process was held between the
accessory and inferior articular processes of the adjacent vertebra. Therefore, the rotary
movement of the vertebral column was restricted in the range between the 10th thoracic
and 5th lumbar vertebrae. Regarding the intervertebral joint, the position of axis for
rotation was shifted from ventral to dorsal direction on the superior and inferior views of
the 10th thoracic vertebra. The average BMD of the vertebrae was the highest in the
cervical vertebrae, and decreased in the order of the lower thoracic, lumbar, and upper
thoracic vertebrae.
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INTRODUCTION

The mineral content was previously examined in the cervical, thoracic, and lumbar
vertebrae of humans'? and it was reported that the content of calcium and phosphorus was
the highest in the cervical vertebrae, and decreased in the order of the upper thoracic, lower
thoracic, and lumbar vertebrae. There are some reports regarding the structure of
vertebrae®® and the bone mineral density of lumbar vertebrae in monkeys®®.  However,
there are few reports examining the bone mineral density of the cervical, thoracic, and
lumbar vertebrae of Primates.

The authors had an opportunity to dissect and examine the structure and bone mineral
density of baboon vertebrae. It was observed that long accessory processes were present in
the last three thoracic vertebrae and the 1st-5th lumbar vertebrae, and it was found that the
bone mineral density of the vertebral body was higher in the order of the cervical, lower
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thoracic, lumbar, and upper thoracic vertebrae.

MATERIALS AND METHODS

Materials

The animal experiment was carried out in accordance with the US NIH Guide for the
care and use of laboratory animals. The baboon, a 5-year-old male, was raised at the
Primate Research Institute, Kyoto University. It was pretreated with intramuscular
injection of ketamine hydrochloride (10 mg/kg), deeply anesthetized by intravenous
administration of pentobarbital sodium (Nembutal; 30 mg/kg), and sacrificed by severing the
common carotid artery. The vertebrae were resected from the spinal column after adhered
muscles and ligaments were removed.

Measurement of Bone Mineral Density (BMD)

BMD of the vertebral bodies was measured by dual-energy X-ray absorptiometry (DPX-
L X-Ray Bone Densitometer, Lunar Corporation, Madison, WI, USA). Scans were carried
out in accordance with the manufacturer’s recommendations using small animal appendicular
options software (Lunar Corporation). The mode of measurement was performed at a pixel
size of 0.15 x 0.30 mm?.

X-Ray Examination of Vertebrae
The vertebrae were photographed with a soft X-ray apparatus (Softex type E40, Softex
Co., Osaka, Japan) as described previously.

RESULTS

Structure of Baboon Vertebrae

The backbone of the male baboon was composed of 7 cervical, 12 thoracic, 7 lumbar, 3
sacral, and 19 coccygeal vertebrae. As shown in Fig. 1, long and slender accessory
processes were present in the range from the 10th thoracic to the 5th lumbar vertebrae. The
accessory process was a trace in the last two lumbar vertebrae of the 6th and 7th lumbar
vertebrae. The transverse process of the thoracic vertebrae above the 8th thoracic vertebra
projected horizontally, but it declined gradually and perpendicularly in the thoracic and
lumbar vertebrae below the 8th thoracic vertebra (Figs. 1 and 2). Although the superior
articular process was not tightly held in the 11th and 12th thoracic vertebrae (Figs. 1A and
1B), it was tightly held between the accessory and inferior articular processes of the adjacent
vertebra in the 1st-5th lumbar vertebrae (Fig. 3). Therefore, the rotation of the vertebral
column was much restricted in the range between the 1st and 5th lumbar vertebrae.

Rotation Movement of Intervertebral Joint

The axis of rotation at the intervertebral joint was examined in the thoracic and lumbar
vertebrae. Figure 4 indicates that the position of axis for rotation at the intervertebral joint
is shifted from ventral to dorsal direction on the superior and inferior views of the 10th
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Fig. 1.
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‘ T9 Fig. 1. Lateral (A) and posterior (B) views of the
lower thoracic and upper lumbar vertebrae.
The asterisk in Fig. 1A indicates the long

‘ T10 accessory process.

‘ T11

T12 . . .
‘ Fig. 2. Tracing of the accessory processes in the
lower thoracic and upper lumbar vertebrae
‘ shown in Figure 1A.
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Fig. 3. Lateral views of the 1st and 2nd lumbar vertebrae. A, I,
and S denote the accessory, inferior articular, and
superior articular processes, respectively.

thoracic vertebra. The position of axis for rotation at the intervertebral joint was ventral in
the thoracic vertebrae above the 10th thoracic vertebra, whereas it was dorsal in the 11th and
12th thoracic and the lumbar vertebrae below the 10th thoracic vertebra.

Bone Mineral Density of Vertebrae
The BMD was measured in the vertebral bodies of the cervical, thoracic, and lumbar

vertebrae. As shown in Fig. 5, the BMD was highest in the upper cervical vertebrae and
was lowest in the upper thoracic vertebrae, with some exceptions. Table 1 indicates that
the average BMD is higher in the order of the cervical, lower thoracic, lumbar, and upper
thoracic vertebrae. It should be noted that the average BMD was slightly higher in the
lower thoracic and lumbar vertebrae in comparison with that of the upper thoracic vertebrae.

Figure 6 shows the radiographs of the lower thoracic and lumbar vertebrae in the baboon.
The vertebral bodies of the lumbar vertebrae seemed to be moderately dense. As shown in
Fig. 6, the vertebral bodies of the lumbar vertebrae were trigonal prism.

Figure 5 also shows the ratio of length of the accessory process to mean height of the
vertebral body. The ratio was highest at the 12th thoracic and the 1lst lumbar vertebrae,
and decreased thereafter.
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Fig. 4. The shift of the position of axis from ventral to dorsal direction for rotation at the intervertebral
joints. The white circles show the rotary movement at the intervertebral joint. A, inferior view of
the 9th thoracic vertebra; B, superior view of the 10th thoracic vertebra; C, inferior view of the 10th
thoracic vertebra; and D, superior view of the 11th thoracic vertebra.
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Fig. 5. The BMD of the baboon vertebrae. The bars and solid circles indicate the BMD of the vertebrae
and the ratio of length of the accessory process to mean height of the vertebral body, respectively.

Table 1. Average BMD of Baboon Vertebrae

Vertebra Average BMD (g/cm?)
Cervical 0.309 £ 0.081
Upper Thoracic (1-6) 0.207 £ 0.037
Lower Thoracic (7-12) 0.243 + 0.026
Lumbar 0.225 £ 0.014
DISCUSSION

The present study revealed that long and slender accessory processes were present in the
range from the 10th thoracic to the 5th lumbar vertebrae in the baboon.

Kimura et al.? studied the vertebrae of crab-eating monkeys (Macaca fascicularis) and
reported that the last two thoracic and the 1st-5th lumbar vertebrae had a distinct accessory
process ventral to the inferior articular process, and that the superior articular and
mamillary processes were tightly held between the accessory and inferior articular processes
of the adjacent vertebra. Except for the 10th thoracic vertebra, long and slender accessory
processes in the baboon were present in the same vertebrae as the crab-eating monkey.
They were morphologically similar to each other. In humans, the accessory process of the
lumbar vertebrae is much shorter. Therefore, it is able to rotate slightly at the intervertebral
joint in the lumbar vertebrae of humans®.

In the baboon, the position of axis for rotation at the intervertebral joint was shifted from
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Fig. 6. Radiographs of the lower thoracic and lumbar vertebrae in the baboon.

ventral to dorsal direction on the superior and inferior views of the 10th thoracic vertebra.
In most cases of the crab-eating monkeys? the position of axis for rotation at the
intervertebral joint was shifted from ventral to dorsal direction on the superior and inferior
views of the 10th thoracic vertebra. Yamada et al. (unpublished data) examined 17 cases of
human spines and found that the position of axis for rotation at the intervertebral joint was
shifted in 12 cases from ventral to dorsal direction on the superior and inferior views of the
12th thoracic vertebra, whereas it was shifted in 5 cases on the superior and inferior views of
the 11th thoracic vertebra.
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In the baboon and most cases of the crab-eating monkeys, the position of axis for rotation
at the intervertebral joint was shifted from ventral to dorsal direction on the superior and
inferior views of the 10th thoracic vertebra. This vertebra in the baboon had a long
accessory process, which held the superior articular process of the adjacent vertebra. In the
human spine, however, the position of axis for rotation at the intervertebral joint was shifted
from ventral to dorsal direction on the superior and inferior views of the 11th or 12th
thoracic vertebra that a long and slender accessory process was absent. Therefore, it is
clear that a shift of the position of axis for rotation at the intervertebral joint is not related
with the presence of a long and slender accessory process.

Based on these findings, there is a possibility that the position of axis for rotation at the
intervertebral joint is related to the curvature of the spine, namely, it is ventral in vertebrae
of kyphosis, whereas it is dorsal in the vertebrae of lordosis.

The authors!? previously examined the mineral contents in the human cervical, thoracic,
and lumbar vertebrae from 11 subjects of 46 to 99 years old at death and found that the
content of calcium and phosphorus was the highest in the cervical vertebrae and decreased
in the order of the upper thoracic, lower thoracic, and lumbar vertebrae. It is noteworthy
that the human vertebrae are different from those of the baboon with regard to the mineral
content of the lower thoracic and lumbar vertebrae, in which the BMD was slightly higher in
comparison with that in the upper thoracic vertebrae.
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