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Absfract : To elucidate whether the position of a:x:is for rotation at the intervertebral 

joint is related to the spinal curvature， the authors investigated the spinal columns of 

rats. The spinal column of the rat was composed of 7 cervical， 13 thoracic， 6 lumbar， 4 

sacral， and 27 coccygeal vertebrae. It was observed that the position ofaxis for rotation 

at the intervertebral joint was shifted on the superior and inferior views of the 2nd 

thoracic vertebra and was next shifted on the superior and inferior views of the 10th 

thoracic vertebra. Xマayexamination demonstrated that lordosis was seen in the 

cervical and lower lumbar (L4-L6) spine， whereas kyphosis was seen in the thoracic and 

upper lumbar (L1-L3) spine. The present study did not support the possibility that the 

position ofaxis for rotation at the intervertebral joint was dorsal in the spinal site of 

lordosis， whereas it was ventral in the spinal site of kyphosis. 
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EぜTRODUCTION

It is well known that kyphosis and lordosis are present in the spine. In the crab-eating 

monkey， the position ofaxis for rotation at the intervertebral joint is shifted from ventral to 

dorsal position on the superior and inferior views of the 10th thoracic vertebra1). 1t is 

ambiguous whether the position of a:x:is for rotation at出eintervertebral joint is related to 

the spinal curvature. The au出ors2•3) previously investigated the relationships between 

spinal curvature and position ofaxis for rotation at the intervertebral joint in spines of a 

baboon and ]apanese monkeys and found that there were no clear relationships. Therefore， 

the authors re-investigated the relationship between spinal curvature and position ofaxis for 

rotation at the intervertebral joint using rat spine. 

MATE阻ALSAND METHODS 

Materials 

The animal experiment was carried out in accordance with the US Guide for the care and 

use of laboratory animals. Wistar rats (Nihon Clea Co.， Osaka， ]apan) were sacrified with 
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ethyl ether. The spinal columns were resected and photographed by a soft X-ray apparatus. 

Thereafter， the vertebrae were isolated from the spinal columns. 

X -Ray ExamInation 

Spinal columns were photographed with a soft X -ray apparatus (Softex type E40; Softex 

Co.， Osaka， ]apan) as described previously41. 

Photograph of Vertebrae 

Vertebrae were photographed with a digital camera (FinePix S602; Fuji Film Co.， ]apan). 

RESULTS 

Structure of Vertebrae 

Wistar rats of about one year old were used in the present study. The spinal column 

consisted of 7 cervical， 13 thoracic， 6 lumbar， 4 sacral， and 27 coccygeal vertebrae (Table 1). 

Table 1. Vertebrae of Human， Baboon， Jap訂leseMonkey， and Rat 

Number of Vertebra 
Species 

Cervical Thoracic Lumbar Sacral 

]apanese 7 12 5 5 

Baboon 7 12 7 3 
]apanese Monkey 7 12 7 3 
R且t 7 13 6 4 

Figure 1 shows the lower thoracic (T8-T13) and lumbar vertebrae. The slender accessory 

process was present in the range between the 11th thoracic and 3rd lumbar vertebrae. The 

accessory process was short in the 4th lumbar vertebra and was absent from the 5th and 6th 

lumbar vertebrae. The superior articular processes wer巴tightlyheld between出eaccessory 

and inferior articular processes of the adjacent vertebra in the range between the 12th 

thoracic and 4th lumbar vertebrae (Fig. 2). Therefore， the rotation movement of the spinal 

column was considerably restricted in the range between the 12th thoracic and 4th lumbar 

vertebrae. 

Rotation Movement at the lntervertebral Joint 

The position ofaxis for rotation at the intervertebral joint was examined in the cervical， 

thoracic， and lumbar vertebrae of two rats. Figure 3 indicates that the position ofaxis for 

rotation at the intervertebral joint is shifted from dorsal to ventral dir巴ctionon the superior 

and inferior views of the 2nd thoracic vertebra in the rat. The position ofaxis for rotation 

at the intervertebral joint was dorsal in the 2nd-7th cervical and 1st thoracic vertebrae， 

whereas it was ventral in the thoracic vertebrae caudal to the 3rd thoracic vertebra 

Figure 4 indicates that the position ofaxis for rotation at the intervertebral joint is shifted 

from ventral to dorsal direction on the superior and inferior views of the 10th thoracic 

vertebra in the rat. The position ofaxis for rotation was ventral in the thoracic vertebrae 

cranial to the 10th thoracic vertebra， whereas it was dorsal in the 11th-13th thoracic 

vertebrae and all of the lumbar vertebrae. 



Intervertebral Joint in Rats 

Fig. 1. Lateral (A) and posterior (B) views of th巴 lower(T8-T13) 
thoracicぉldlumbar vertebrae in rat. TIO and Ll indicate the 
10th thoracic and the 1st lumbar vertebrae， respectively 

Fig. 2. Lateral view of the 1st and 2nd lumbar v巴rt巴braein rat. A， 1， and 
S denote the accessorγ， inferior訂 ticular，and superior articular 
process巴s，resp巴ctively.
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Fig. 3. The upper shi合 ofthe position ofaxis for rotation atせleintervertebral joint from dorsal to 
ventral direction. The circles show the rotation movement at the intervertebral joint. A， 
inferior view of the 1st thoracic vertebra; B， superior view of the 2nd thoracic vertebra; C， 
inferior view of the 2nd thoracic vertebra; and D， superior view of the 3rd thoracic vertebra. 

Fig. 4. The lower shift of the position ofaxis for rotation at the intervertebral joint from ventral to 
dorsal direction. Th巴circlesshow the rotation movement at the intervert巴braljoint. A， inferior 
view of the 9th thoracic vertebra; B， sup巴riorview of th巴10ththoracic vertebra; C， inferior view 
ofth巴10出 thoracicvertebra; and D， superior view of仕le11th thoracic vertebra 
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The shift ofaxial position for rotation at the intervertebral joint occurs suddenly on the 

superior and inferior views of both the 2nd and 10th thoracic vertebrae， but does not occur 

gradually 

Relationship Between the Position ofAxis for Rotation at the Intervertebral Joint and 

Curvature of SpinaI Column 

To examine the relationship between the position ofaxis for rotation at the intervertebral 

joint and the curvature of the spinal colurnn， the spinal colurnns were photographed 

beforehand with a soft X -ray apparatus， and thereafter the vertebrae were isolated from the 

spinal colurnns. Figure 5 shows an X -ray photograph of the rat spinal column. Lordosis 

was seen in both the cervical and the lower lurnbar (L4-L6) spine， whereas kyphosis was 

seen in the thoracic and upper lurnb訂 (Ll-L3)spine. Therefore， the possibility that the 

position ofaxis for rotation at the intervertebral joint is dorsal in the spinal site of lordosis， 

whereas it is ventral in the spinal site of kyphosis， was not supported by the present study. 

DISCUSSION 

The present study revealed that the position ofaxis for rotation at the intervertebral joint 

was shifted from dorsal to ventral direction on the superior and inferior views of the 2nd 

thoracic vertebra and was next shifted from ventral to dorsal dir巴ctionon the superior and 

inferior views of the 10th thoracic vertebra in the rat 

Kimura et alY reported that in the crab-eating monkey， the position ofaxis for rotation at 

the intervertebral joint was shifted from ventral to dorsal direction on the superior and 

inferior views of the 10th thoracic vertebra. The authors2，3l previously investigated the 

spinal colurnns of a baboon and ]apanese monkeys and observed that the position ofaxis for 

rotation at the intervertebral joint in the baboon and ]apanese monkeys was shifted from 

dorsal to ventral direction on the superior and inferior views of the 1st thoracic vertebra and 

was next shifted from ventral to dorsal direction on the superior and inferior views of the 

10th thoracic vertebra， with some exceptions in the ]apanese monkeys. In the case of 

]apanese3l， the position ofaxis for rotation at the intervertebral joint was shifted from dorsal 

to ventral direction on the superior and inferior views of the 1st thoracic vertebra and was 

next shifted from ventral to dorsal direction on the superior and inferior views of the 12th 

thoracic vertebra， with some exceptions. 

Fig. 5. X-ray photograph of th巴spinalcolumn in rat. T2， T10， and S indicat巴th巴2ndthoracic， 
10th thoracic vertebrae， and sacrum， respectively 
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The possibility that the position ofaxis for rotation at the intervertebral joint is dorsal in 

the spinal site of lordosis， whereas it is ventral in the spinal site of kyphosis， was not 

supported by the present study. The upper shift of the position ofaxis for rotation at the 

intervertebral joint occurs at the 1st thoracic vertebra in the ]apanese， baboon， and ]apanese 

monkey， whereas it occurs at the 2nd thoracic vertebra in the rat. The thoracic vertebrae 

were composed of 12 in the Japanese， baboon， and Japanese monkey， whereas they were 

composed of 13 in the rat (Table 1). The lower shift of the position ofaxis for rotation at 

the interv巴rtebraljoint occurred at the 10th thoracic vertebra in the baboon， ]apanese 

monkey， and rat， whereas it occurred at the 12th thoracic vertebra in the ]apanese. It is 

unlikely that the lower shift of the position of広 isat the intervertebral joint is related to 

number of the thoracic vertebra 
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