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Pedicle morphology of the immature thoracic spine in children aged 1 to 6 years/LIU Lei, SUN Lin,
SUN Jinhang, et al/Chinese Journal of Spine and Spinal Cord, 2013, 23(8): 711-717

[Abstract] Objectives: To quantify the morphometric characteristics of the pedicles of the immature thoracic
spine(aged 1 to 6 years old), and to provide morphologic basis pedicular screw instrumentation. Methods: A
total of 60 patients without muscularskeletal disease and aged 1 to 6 years underwent standard spiral comput-
ed tomography of the chest in Beijing children’s hospital. The patients were grouped according to age: group
1(1-2 years old), group 2(2-3 years old) and group 3(4—6 years old), with 20 cases per group. For each case
measurement was taken from pedicles on both sides from TI to T12. Images were reconstructed by the 64
row helical CT and multiplanar reconstructions were used to attain images of thoracic pedicles on sagittal,
coronal, and transverse planes. The measurements included the inner and outer pedicle diameters on both
transverse and sagittal planes, the pedicle angle on both transverse and sagittal planes, and distance to ante-

rior cortex. Their correlations with age were analyzed, inter—group comparisons of transverse pedicle angle
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(TPA)/sagittal pedicle angle(SPA) were analyzed using Multiple T’ test. Results: (1)Transverse pedicle diameters
decreased gradually from Tl to T4, and then increased gradually from T5 to T12. The shortest transverse
diameter of the thoracic pedicle located at T4 or TS5. There was no correlation between the transverse pedicle
inner diameter and age, except T1, T6, T11, T12(r; 0.011-0.363, P>0.05, except T1, T6, T11, T12). The
correlations between age and the transverse pedicle outer diameters were significant in all thoracic vertebra
except T4(r: 0.151-0.539, P<0.05, except T4). (2)Sagittal pedicle diameters increased from Tl to T12 and was
significant longer than transverse diameter except T1.  The correlations between age and sagittal pedicle
diameters were significant in all thoracic vertebra(the inner r: 0.526-0.786, the outer r;: 0.692-0.864, P<0.05).
(3)The length from posterior cortex to anterior cortex of the vertebra increased from T1 to T10, decreased
slightly from T10 to T12. The correlations between age and the length to anterior cortex were significant in all
thoracic vertebrae(r;: 0.299-0.676, P<0.05). (4)The transverse pedicle angle decreased gradually from T1 to T12
though some cases did not show this trend. The correlations between age and TPA were significant in all
thoracic vertebra except Tl1[r;: (-0.432)—(-0.107), P<0.05, except T1]. TPA in group 1 were significantly greater
than group 2 and 3(P<0.05), there was no significant difference between group 2 and 3(P>0.05). (5)There was
no significance with respect to the sagittal pedicle angles between three groups. There was no correlation
between SPA and age[r;: (-0.125)-0.127, P>0.05]. There was no significant difference among three groups(P>
0.05). Conclusions: The correlations between age and the transverse pedicle outer diameters, the sagittal pedi-
cle diameters, distance to anterior cortex are significant in all thoracic vertebra of children aged 1-6 years.
However, the transverse pedicle inner diameters increase slowly with age. There is no correlation between the
transverse pedicle inner diameters and age nor between age and the pedicle angle on both the transverse and
sagittal planes. The angular dimensions show little change due to vertebral growth except group 1. It is cau-
tious to place thoracic pedicle screw in patients aged below 6 years in order to avoid high risks.

[Key words] Thoracic vertebra; Pedicle; Spiral computed tomography; Sectional and imaging anatomy; Chil-
dren
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Figure 1 Spiral computed tomography of thoracic vertebrae Figure 2 The sagittal image of the pedicle axis (solid

line is the central axis of pedicle for transverse plane reconstruction)  Figure 3 The transvers image of the pedicle

axis (solid line is the central axis of pedicle for sagittal plane reconstruction) Figure 4 Measured on transverse plane

of thoracic spine CT: the transverse pedicle inner diameter(measured at the narrowest point of the isthmus of the medial
cortical bone of the pedicle), the transverse pedicle outer diameter(measured at the narrowest point of the isthmus of the

lateral cortical bone), dstance to anterior cortex(the disdance from the posterior elements to anterior cortex by the pedicle
axis) Figure 5 The sagittal pedicle diameter measured on sagittal plane of thoracic spine CT: the sagittal pedicle in-
ner diameter (measured at the narrowest of the isthmus of the medial cortical bone of the sagittal pedicle), the sagittal
pedicle outer diameter (measured at the narrowest point of the isthmus of the lateral cortical bone of the sagittal pedicle)

Figure 6 The transverse pedicle angle on transverse plane of thoracic spine CT: the angle between the vertebral sagit-

tal plane and the pedicle axis in the transverse plane Figure 7 The sagittal pedicle angle on sagittal plane of tho-

racic spine CT: the angle between the vertebral horizontal plane and the pedicle axis in the sagittal plane
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1 (mm,x+s ,n=40)
Table 1 The transverse pedicle inner cortical diameter and their relationship with age
G T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12
roup

(Gr:)up 1) 2.0+0.4 1.8+04 1.4+04 1.1+04 1.1+04 1.1+04 1.2+03 1.4+05 1.60.5 2.1+0.5 2.4+0.7 2.7+0.7
(Grﬁup 2) 24+0.7 1.9+0.5 1.3+04 1.0+03 1.0+04 1.1204 1.2+04 1.4+05 1.7+0.5 2.0+£0.5 2.7£0.6 2.9+0.7
(Gr?)up 3) 2.6+0.6 2.0£0.7 1.5+0.6 1.2+0.5 12+04 1.3x04 14+0.5 1.6+0.6 1.8+0.6 2.2+0.7 3.0£1.0 3.3x0.7

r. 0.363 0.080 0.011 0.065 0.157 0.260 0.143 0.172 0.082 0.065 0.279 0.421

, T1.Te T11.T12 ,P>0.05

Note: Correlation between the transverse pedicle inner diameter and age, P>0.05, except T1, T6, T11, T12

2

Table 2 The transverse pedicle outer cortical diameter and their relationship with age

(mm,xxs ,n=40)

Gr T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12
sroup
(Gr(l)up 1 5.1+0.5 4.9+0.6 43205 3.9+05 3.8:0.5 3.9:0.5 3.9+05 4.1+0.5 45+0.6 49+0.6 54206 5.5+0.7
(Griup 2) 57+0.7 5.1x0.6 4.4+05 4.0£04 4.0+£04 4.0+0.5 4.1x05 45+0.6 4.6+0.6 50+0.6 58+0.8 6.2+0.7
((‘riup 3) 6.120.9 5.420.7 4.6£0.7 4.1£0.6 4.2:0.5 42:0.6 4.3+0.6 4.5+0.7 4.8+0.8 5309 6.0x1.0 6.4x0.8
T, 0.539 0.326 0.224 0.151 0.300 0.228 0.288 0.233 0.171 0.209 0.266 0.431
, T4 ,P<0.05
Note: Correlation between the transverse pedicle outer cortical diameter and age, P<0.05 except T4
3 (mm , x+s ,n=40)
Table 3 The sagittal pedicle diameter and their relationship with age
G T1 T2 T3 T4 TS T6 T7 T8 T9 T10 TI1 T12
>roup
(Gr(l)up I 1.5£0.3 1.9+£04 2.0£0.4 2.0£04 2.0£0.5 2.1+04 2.1+04 2320.5 2.620.5 34207 3.8:0.6 4.2+0.7
(Griup 2) 1.9+0.6 2.5+0.5 2.520.5 2.620.6 2.6£0.6 2.8+0.6 2.9+0.6 3.1x0.6 3.6£0.7 4.3+0.8 52+09 6.0+0.9
(Gl‘?)up 3) 22+0.5 2.7+0.6 3.1z0.6 3.0£0.7 3.1£0.6 3.1x0.7 3.2+0.6 3.7+0.6 4.4+0.6 52+0.7 6.3x0.9 7.0£0.8
T, 0.526 0.562 0.676 0.621 0.614 0.614 0.674 0.708 0.786 0.727 0.772 0.782
,P<0.05
Note: Correlation between the sagittal pedicle inner cortical diameter and age, P<0.05
4 (mm,x+s ,n=40)
Table 4 The sagittal pedicle diameter and their relationship with age
G T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12
roup
(Gr(l)up 1) 4.6x04 53205 54204 52405 5.2+05 52+0.5 5.1+05 54+05 58+0.5 6.7+0.8 7.2+0.7 7.4+0.6
(Grﬁup 2) 54+0.7 6.1+0.5 6.2+0.6 63+0.5 6.2+0.5 59+1.0 6.3x0.5 6.5£0.6 7.0£0.6 7.9+£0.7 8.7£0.7 9.5+0.7
(Grgup 3) 5.9+0.5 6.84¢0.7 7.0£0.6 7.0£0.7 6.8£0.5 6.8+0.6 7.0+0.5 7.4+0.6 8.1+0.6 9.1+0.7 10.0+0.8 10.6+0.8
T, 0.692 0.742 0.784 0.777 0.773 0.774 0.835 0.845 0.864 0.821 0.837 0.833
,P<0.05

Note: Correlation between the sagittal pedicle outer cortical diameter and age, P<0.05
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5 - (mm,x+s ,n=40)

Table 5 distance to anterior cortex and their relationship with age

Group

T1 T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12

1
(Group 1)

2
(Group 2)

3
(Group 3)

Ty

24.5+1.8 24.6x1.8 25.0+x1.9 25.5+1.8 26.3+2.0 27.0+x1.8 27.5+x1.8 27.5+2.0 27.3x1.9 26.8+2.4 269+2.9 25.8+3.2

26.3+x1.9 26.3+2.0 26.1+2.3 27.0+2.2 27.8+2.6 28.4+2.9 28.9+2.8 28.9+3.0 29.0+2.9 29.2+2.5 29.0+3.2 28.7+5.2

28.3+3.0 27.4+2.4 28.1+2.6 28.9+2.4 29.5+2.8 30.5£3.0 31.0+£3.1 31.1+3.2 31.7+3.1 32.3+3.1 30.7+4.1 29.0+5.0

0.551 0.504 0.491 0.565 0.522 0.557 0.542 0.529 0.624 0.677 0.439 0.299

Note: Correlation

,P<0.05

between the distance to anterior cortex and age, P<0.05

6 (°,xxs ,n=40)
Table 6 Transverse pedicle angle, TPA and their relationship with age

Group

Tl T2 T3 T4 TS T6 T7 T8 T9 T10 T11 T12

1 @
(Group 1)
2 2
(Group 2)

®

3 3
(Group 3)

r

30.5+4.5 22.2+4.2 16.7+3.7 14.8+3.9 13.9+3.7 13.4+4.1 12.5+3.7 12.1x3.9 12.0+3.5 10.2+4.1 7.4+3.5 7.3+4.2

29.0+4.2 19.1#4.3 13.6+£3.0 12.1+3.1 10.9+£3.9 10.0+3.8 9.3+3.8 8.1x4.8 84x44 74+35 57+39 4.0+54

29.0+£5.7 18.324.7 14.5+42 11.9+4.2 10.2+3.5 9.3+4.0 8.3+3.8 7.3+53 74443 8.0£29 48+40 2.6+5.2

-0.107  -0.326 -0.225 -0.292 -0375 -0377 -0412 -0403 -0432 -0.247 -0.258 -0.376

:TPA

Note: Correlation

, T1 ,P<005;0D @ HOINE)) ,P<0.05,2 @ ,P>0.05
between TPA and age, P<0.05, except T1; Compared between @ and @, @ and @), P<0.05, @ and @, P>0.05

7 (°,x+s,n=40)
Table 7 sagittal pedicle angle, SPA and their relationship with age

Group

T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 TI1 T12

1@
(Group 1)

2 @
(Group 2)

(Group 3)

r

19.5+3.8 21.1x#4.3 21.8+#3.8 22.1+3.7 21.0£3.5 20.6+2.8 19.5+2.9 18.0£3.1 16.7#3.9 154+3.9 11.6+£3.6 10.3+2.7

20.4+4.0 21.7+3.7 22.6+3.7 22.1+3.0 22.0£3.6 21.9+£3.6 20.1+3.1 19.3+3.3 17.2+2.7 15.5+3.4 12.3+4.3 10.6+5.0

20.3+3.7 21.5+4.6 21.0+2.5 20.7+3.4 20.9+3.8 19.8+4.4 19.4+3.3 18.5+3.0 16.9+3.0 16.3+2.6 12.9+3.7 10.9+3.4

0.098 0.111 -0.093 -0.125  0.046  -0.010  0.047 0.100  -0.010  0.127 0.033 0.106

:SPA

Note: Correlation

(1~6 )

P<0.05:0.2.® ,P>0.05
between SPA and age, P<0.05; Compared between (D and @ and ), P>0.05

1 3 (-3

[4]

[4.5]
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