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[(WE] BH 0 D ER RS MY (adolescent idiopathic scoliosis, AIS) fB 5 = i 25 T X M 75 AR 5 ME
TR A B X 5 AR MRS B e MM S, 775K I 2008 4F 6 J1~2010 4F 9 J i i 28 47 g &
H LA T8 Ay THAE Y ATS A2 K 13 41 4F % UT e M HE 1 5 5 A 4F O BRZH ) @ 3 57 7 28 AT B X 2R M I HE CT
PR, TEN LA AR IR X R L ALS B B Cobb M M ME KM 2 15 25 (the vertebral translation,
VT) ;s 76 CT R Lk ALS £ 75 TUME DX 2% A P (T7~T9) B kg R ZE AR O A A 16k A7 4 D) T8 181 7L (the axial section
area of spinal—canal, ASA) M4 2 IR Il B 42 (the sagittal diameter of the spinal—canal,SDS) 5 %4k 1fi B 4% (the
coronal diameter of the spinal—canal,CDS) . HE = #8 4% (the transverse pedicle diameter,TPD) WU #E = AR e
i (the angle between bilateral pedicles,ABP)&*&ﬁWff%g(the vertebral rotation, VR) ; F F 2l 37 BEAS ¢ K6 56
5 22 TR P Il I 43 BT Lo 3 W 2 R ) 4508 25 5 BOBIR J2 75 A7 78 10 35 M 22 5 e ALS J8 35 45 T 25 2 B0l 1 AR O
P, R ALS BH ML THEX ASA CDS 2 ABP ¥ .3 K T XS R 2L (P<0.05) ; ALS & 35 3 i o5 ThOAE DX M4
TPD &35 /N T X3 HR 41 [F A [7] 45 B TPD (P<0.05) , ™1l TPD 55 %% HR 41 [7) i [7] 7 Bt HL A T 4e 22 25 5 (P>0.05) P
4l ] SDS LG 12425 5 (P>0.05) . 204k A 20 R ATS B # 025 A X CDS 5 VT 4H 3¢ (T7 . Beta=
0.094,P=0.022;T8 : Beta=0.630, P=0.005;T9 : Beta=0.119,P=0.014), = §fg 2 [0 H (X ABP F1MIU] TPD 5 & # #
S AFY (Cobb i VR B VT 3470 1 2 AHOCH: . 4518 - AIS SB35 W25 TiiAE X ASA \CDS \ABP i 3 K T M iE %
T AR R T BOM R S8, M TPD 5 3 /N T A 1E 35 24 5]  BOAH R 280, 3 86 A R 52 T ALS 7B R
rb T A T X T A AR R
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The morphological abnormalities of pedicles and spinal canal in the apical region of adolescent idio-
pathic thoracic scoliosissZHOU Song, ZHU Zezhang, QIU Yong, et al/Chinese Journal of Spine and
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[Abstract] Objectives: To investigate the morphological characteristic of thoracic pedicles and spinal canal
in the apical region of idiopathic thoracic scoliosis and its influence on the accuracy of pedicle screw place-
ment. Methods: 28 adolescent idiopathic scoliosis(AIS) patients with the apical vertebra at T8 and 13 age-
matched controls were included in this study from June 2008 to September 2010. Standard up-standing pos-
teroanterior whole spine radiography was performed to investigate the Cobb angle of main thoracic curve and
the vertebral translation(VT) of each vertebra in the apical region(T7-T9). Furthermore, CT scanning was also
performed to investigate the morphological parameters of pedicles and spinal canal of each vertebra, which in-
cluded the axial section area of spinal-canal(ASA), the sagittal diameter of the spinal-canal(SDS), the coronal
diameter of the spinal-canal(CDS), the transverse pedicle diameter(TPD) and the angle between bilateral pedi-
cles(ABP). Independent samples i—test analysis and multiple linear regression analysis were performed to deter-
mine the differences of the above morphological parameters between the two groups, and the correlations be-
tween the investigated morphological parameters in AIS group were investigated. Results: The ASA, CDS and
ABP were significantly larger in AIS patients than those in controls (P<0.05); while TPD of AIS patients in
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concave side was significantly thinner than that in controls(P<0.05). No significant difference was found in the

comparison of the SDS and the TPD in convex side between the two groups. In addition, the results showed
that the CDS was correlated with the VT(T7: Beta=0.094, P=0.022; T8: Beta=0.630, P=0.005; T9: Beta=0.119,

P=0.014); while no significant correlations were found between the ABP or the TPD in concave side and the

gender, age, VR and VT of AIS patients. Conclusions: The ASA, CDS and ABP are significantly larger in

AIS patients than those in controls,

while the TPD of AIS patients in concave side is significantly thinner

than that in controls, which may be a potential risk factor for pedicle screw resplacement.

[Key words] Adolescent idiopathic scoliosis; The apical region; Pedicle; Spinal canal

[Author’s address]
210008, China

Spine Surgery,

AL T A ME AR BRET P [ B R R B
Bri67 0 AER R FE ™Y (adolescent idiopath-
ic scoliosis, AIS) FRUEAR 2 Z —1=31 ) (H SCHR 2B
AR IE R B IR AT D8 8 R (1.5%~58.0%) ,
H EZAE T e, Ao g — PR sSE AIS
B T RS TRURE XA 5 AR BT 1 R I B i T L
T BeAE S ARIRET IR E R, AR CT
DA 7S ALS B HES MBS & B ALS i
i 25 THUME DX T A =5 AR LAt /N T ) 4 B Al
MES AR AR, $7m ALS FRE J 25 ToAE IX o [0 A
ARG AR GE AR XS FR ] BE A T EOME S R AR T R
RIS R R 22— SR, Liljenqvist 5581 A
FAIR G Z HIEEH DM S RUEE L, 1t
Ah ALS B E HEE I 502 B A7 A 57 M HE S
HRMRET B AT 22 Ve S B TSR ol . AR
BRI M 25 ALS A8 THUME DXAE =5 AR S HEAS Y
TE SRR ST ATS 7B TR v T XA 25 AR 42
EIEETZrEnysem

1 #AR5RHE
1.1 x4
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B U E S . AT A E ALS f 3 28
], 3497 2010 4E 1 H~2010 4E 9 H 13 B 175 1%
HE 5 AR IRET P [ IR AR ALS 3 ATERRIE
(1) 25 R A Wi H L T8 M TiME ; (2)4F#% 13~18
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1.2 JEESHERE S &

A CT = AEF A 15, 0k B2 ME VR XU AE
SRR R H AT T A b 2 i Al T PR AR
DR Xt g M ATS B B IR T7~T9 HER
FME S ML S S8, A4 HES Hh U T T (the ax-
ial section area of spinal—canal,ASA) HE4E KR
[l FL1% (the sagittal diameter of the spinal—canal,
SDS), MEAS IR E A2 (the coronal diameter of
the spinal-canal ,CDS), = H 42 (the trans-
verse pedicle diameter,TPD), XUl #E = R J& £
(the angle between bilateral pedicles, ABP), Il
ST VR CASA T MERS B 5T N G A (B 48 Y T
U0 SDS, EAA J5 S st 31 XU AE A 2 £ T00 A 14
H&ME W,CDS, MES A, A VU] Ay FR B0,
TPD, HE = AR B 5T B oA M 2 d B 7 Ak i) 5 2
ABP, SUIIHE 5 M2 ) e 8, AIS R E LR 2
BB I 5 . HE 1l 72 B % (the vertebral transla-
tion, VT), ARHijui 7 i 2 IEA X &R E& T
DHEMR (T7~T9) B HEMR h s 2 C7 By T4 1y 3 1
{5 021, ME AR JiE 7 JE (the vertebral rotation, VR),
CT 5 b B HE M e A 19 1 7 o3 25 CT a4
BHELNIMAPIE ),
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FI SPSS 14.0 BAFHEAT G A A0 B, T %
BB, was 321 ALS 415 X B8 4L ) %500 L
B ST AEA ¢ K30 58 i B0 [/l —TE S S 4L
1024 T7~T9 GEit45 R P {H4<0.05 %G 45 R/ A
PR FHPEGE T 4558 , S8 (RS S 80 ¥
BN AR 285 2 85000 PR A DG M 43 A . ALS 41
W, FFH Person AH I A% 23 B DAl 2% B4 2 8000
] A AE DGk, ik 37 1) BV S E00R A S ik 37 7% o 4
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1 a PR3 A G M E A X 2 A [0 S R D B B 25 (VT) - T8
MEAR T 8] C7 #5 T4k (a) M TR ELIE B (4B AB) b fEMEE Jh V) m
CT &4 -0 22 AfE 4 4l U0 10 160 R (ASA) , W HE S 1 B T P9 2% 16 [
(GHIJ) i A T B 5 Ml 457 S04 1D ELAR(CDS), MEAY 22 (7) A (H) 1945 1)
PR B AR I 5 M A Ok R T LA (SDS) , M A 1T 25 rP A (1) 100U A Al
FA T (G) B B 2R B 3 SUNIHE 55 MR 52 #1 (ABP) , SUMIAE =5 MRS % (&
2 CD 5 HZk EF) I A MR e 75 1 (VR) , SUIIHE A 2 £ 1 £ ~F 5
2 (MG) 5 CT K4 &5 T4 (LG) I ff1 s 5 AR ELAE (TPD) , #E 5 i 2
JOT B A 2% B 4 7 b (ON) Y 58 3

Figure 1 a Standard up-standing posteroanterior whole spine ra-

diography; Line a: C7 plumb line; the vertebral translation(VT): the
distance from the midpoint of T8 vertebra to the C7 plumb line(line AB) b Computed tomography(CT) scanning; the axial
section area of spinal-canal(ASA): the area of the inside edge(GHIJ) of the cortical bone of the spinal-canal; the coronal
diameter of the spinal—canal(CDS): the distance between the left(J) and right(H) vertices of the spinal-canal; the sagittal
diameter of the spinal-canal(SDS): the distance from the midpoint(I) of leading edge of the spinal-canal to the vertex(G)
of the bilateral laminectomy angle; the angle between bilateral pedicles(ABP): the angle between the bilateral pedicle axis
(line CD and line EF); the vertebral rotation(VR): the angle between the angle bisector(MG) of the bilateral lamina angle
and the perpendicular(LG) of CT examination table; the transverse pedicle diameter(TPD): the width of the medial edge

of pedicle cortex at the most stenotic site(ON) of the pedicle

AZTCEAERIARERL, DR H MR 252 4
IR , P<0.05 225 A Giit e i 3,

2 F#R

AIS & 222 B, 55 6 i, 4F 1% 13~18
%, W19 15.32+1.32 % ,Cobb ffi 45°~64°, V-1
52.75°+5.27°, XPHRAN ¥ A 4F 13 6, & 8 4], 5 5
B, AR 13~18 2,1 14.85+1.07 % B4 N\
IR TG 22 5 (P>0.05) .

ATS 2 5 5% B2 4515 BOE A 2 800 5t 45 52 W,
F 1 KE 2.3, AIS 41 T7~T9 () ASA .CDS 2 ABP
¥ 10 2% KT X BRZH AH [ 79 Be ASA .CDS J& ABP
(P<0.05) ; AIS 21 T7~T9 M TPD & 3 /N T X 1
24 [A] 5 BEF TPD (P<0.05) , ™ il 5 X B8 2 [] 775
Be[A i TPD L g it #2255 (P>0.05);AIS 41
P, M TPD 8 2 /T [R5 Bt il (P<0.05) . P
Y] [R5 Bt SDS L L4t ih24 25 5 (P>0.05) .

bR & B PE 250 (ASA .CDS ABP & M1l
TPD ) &) (1) P 9 AH 5 1 23 A 45 2R s ALS [ 3 &
Ji 25 THHE X ASA 5 CDS 2 B F M (T7:r=
0.540,P=0.004 ; T8 :r=0.634,P<0.001;T9:r=0.688,
P<0.001) ,#&7~ AIS i ASA B4 K figA CDS 1%
KATEL; M ASA 5 ABP K [UIfl] TPD Z [i],CDS 5
ABP J M1 TPD,ABP 5 MIil] TPD Z [H] ¥ JC i 2%
FHOCHE (3R 2), AIS B F M THHEX CDS 5

Cobb 1 VR M VT $IEMI &, 105 B FH P 4R
WA 14 TG 5 3B AH S s ABP VI TPD 5 & 254 25
(3570 W E A (3% 3), % Cobb ffi (VR & VT
YRR Al 57 A8 B, CDS 1k P48 2 g A 22 e 46 [l
H5 BT, S5 R SR ALS B F I THEX CDS 5
VT 2 8 F M EMSE (T7:Beta:0.094,P=0.022;T8S .
Beta:0.630,P=0.005;T9:Beta:0.119,P=0.014) , ii
5 Cobb f1 2 VR Jo i EAHCHE(F 4),

3 g

SR GERHENT S8 SMERR A 22 A LG, HE S AR
ET NI E 22 48 nl B L0 g 04 [ 0 28 . B o X
P Ty R = MR IE D154 AT e A S B
Lo AR Jim 9% 1E 25 2 SR -160 A I ME 5 AR BRET A
€ R Z T ALS BYBRIA TR AR,
H TAHE S5 AR S A I 2454 S EOME S AR BRET 1
DRE A HIE MR S AR IR AT YR E RN
1.5%~58.0% , HHE 5 AR IR AT B9 i% Bl 5 80" &
BT AR ACAE , AHE 5 AR AT M R AR A
M TR B IRB S AT BE Tk
BUAE A e AR 1T W TE 1) S8 T A 5 AR BRET Py 2
BRI R TN A AR R R, RN HE
PRIE 25 A B0 AT BE 5 ME 5 AR IR BT iR B DI A 5
FLAT, FFX%F AIS B HE S ARIIE S AR E A i
iH , SCHRESHZIE ATS B8 32 1 25 THUME DCHE (A< 11140
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Table 1 The morphological parameter measurements of T7-T9 vertebrae between AIS patients and normal adolescents

28 AISZH (n=28) X 1B 24 (Control ) (n=13)
Parameters 7 T8 9 7 T8 9
HER T n 185.61x17.37%Y  191.01x19.307 185.92+19.29% 154.51£17.66  160.58+14.86  164.35+13.93
ASA (mm?)
I,
SRR I ELA 15.20£1.15 15.37£1.09 15.18+1.23 13.840.98 14.00+0.92 14.45+1.20
SDS(mm)
o AR KA N
FEEAR AT LA 16.341.090  16.62+1.007  16.44+1.147 15.42+0.75 15.53+0.90 15.15+1.31
CDS(mm)
POON (22U HESARELEE (mm) g 3109702 436411302 511207502 5.01£0.80 5.07+0.75 6.0020.89
TPD on the concave side
. s
0 CFF ) HES BREAS (mm) 5 66 gy 5.59+1.23 5.66+0.94 5.34+0.72 5.72+0.76 5.95+0.65
TPD on the convex side
| A
ﬂ{”‘”ﬁﬁ(ﬁ%ﬁq 17.09£1.650  17.85x2.020  16.64+1.517 15.62+2.17 15.33+1.09 14.83+1.88
i B ffs
e Jie 4 12 8.31x2.02 9.48+2.87 8.18+2.33 — — —
VR(®)
R 5 £ B 38.5+7.36 43.9+8.22 32.7+8.03 — — —
VT (mm)

U+ (D550 B )35 B L 4% P<0.05 55 [ 41 W) 95 B o™y il LE 4% P<0.05
Note: (DCompared with control group, P<0.05; @Compared with the same parameter within group, P<0.05

2 AISHEHE ., L, 15% a Wi 2B IEA X 2R /R M0 £ Cobb 1 59° b THE(T8)CT il U it EIZ 75 - HEAT 4l ) 17
I B (ASA)212mm? , HEF SR M H 42 (CDS) 16.05mm , HEF R T B4R (SDS)15.23mm , BUIIARE =5 AR 2 f1 (ABP)18.14°  #E 14
JRE % BE (VR)9.17°, MV (72 ) A 5 AR A2 (TPD)4.27mm , (4 Ul (47 0)TPD 5.25mm B 3 X MEZALTF D 4E 20,15 % a uh
SRR A AR IE AL X 2R R 9 %5 Cobb 1 0° b T8 CT i ) 1fi A1 f2 75 : ASA 168mm?,CDS  14.97mm,SDS  15.16mm, ABP
15.36°, 24l TPD 5.32mm, 451l TPD 5.33mm

Figure 2 AIS patient, female, 15 years old a Standard up-standing posteroanterior whole spine radiography, thoracic
Cobb angle 59° b CT axis slice image on T8: ASA 212mm?% CDS 16.05mm; SDS 15.23mm; ABP 18.14°; VR 9.17°;
TPD on the concave(left) side: 4.27mm; TPD on the convex(right) side: 5.25mm Figure 3 Normal adolescent of control
group, female, 15 years old a Standard up-standing posteroanterior whole spine radiography, thoracic curve Cobb angle:
0° b CT axis slice image on T8: ASA 168mm?% CDS 14.97mm; SDS 15.16mm; ABP 15.36°; TPD on the left side:
5.32mm; TPD on the right side: 5.33mm

TPD &2 /N0, U A =5 AR 5 5K T 1) 2 £
3 KT, Michael 25048 H AIS & 3
THURE DX 4000 1 A 5 AR AR5 R 14 i B B B R
RS 4 SRR ATLS HRE AT A A
TR 25 25 4 B RS SR, LRI 45 I =
IE DA S LA Lo bT, BRI I A RE
BV B0 ALS BB A 5 AR T 1 B R 1Y

JEH AN, ATS BB HEE T AR A & AR oA e
AT BEXTHE 5 AR BT 22 4 BN T R A0 T A R I ff
AGE . ABFIEEBUH LIPS HEE L S A 6 2
B (ASA SDS .CDS) LA K B £ Sk b A7 BH 1 41
H 54 AR BT 15 2 D) A O A R 5 AR T 25 24
S E(TPD ABP)E R 46 4, 73 F AIS &
5 IE 5 DA 8] 45 T8 A S 500 i 25 5L W) J2 5 A A
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F 2 AIS ARFEMERESSE (ASA.CDS. ABP M TPD) B L £ 48 X M55 #7
Table 2 The bivariate correlation analysis between the positive morphological parameters

(ASA, CDS, ABP and TPD on the concave side) within AIS group

ZH B CDbs ABP TPD on l%lh@u (i,l:)l;[(?ave side
Parameters R P B P B P
T7 0.540 0.004 0.051 0.800 -0.011 0.957
ASA T8 0.634 <0.001 -0.279 0.159 -0.137 0.496
T9 0.688 <0.001 -0.057 0.779 0.059 0.770
T7 — -0.054 0.790 -0.029 0.885
CDS T8 — -0.419 0.300 -0.075 0.711
T9 — -0.124 0.538 0.028 0.889
T7 — — — — -0.019 0.926
ABP T8 — — — -0.402 0.308
T9 — — — — -0.313 0.111

x3 AISEHNMERESSE (CDS.ABP MM TPD) 5 BELEESH (F 68 5] .Cobb f VR & VT) B #I48 3%

5

Table 3 The correlation analysis between the positive morphological parameters(CDS, ABP and TPD on the

concave side) and the comprehensive parameters(age, gender, Cobb angle, VR and VT) within AIS group

BH AR 2 _Cobb i A Jte e 122 HE A B B 125
B Age Gender Cobb angle VR VT

Parameters r P r P r P r P r P
CDS T7 -0.252  0.205 -0.157 0.435 0.388 0.045 0.310 0.015 0.002 0.013
T8 -0.119  0.554 -0.308 0.118 0.248 0.012 0.626 <0.001 0.421 0.029
T9 -0.248  0.213 -0.414 0.032 0.175 0.033 0.516 0.006 0.103 0.008
W10 TPD T7 0.176 0.379 0.191 0.340 0.080 0.691 -0.038 0.852 0.028 0.891
:[EE;;: I(}ll: T8 0.063 0.756 0.272 0.171 -0.091 0.651 0.119 0.553 -0.124  0.539
T9 -0.073 0.718 0.223 0.263 0.081 0.687 -0.120  0.551 0.245 0.217
ABP T7 -0.118 0.557 0.293 0.998 -0.038 0.851 0.338 0.085 0.237 0.234
T8 -0.117  0.561 0.062 0.757 -0.047  0.816 0.049 0.810 -0.319  0.104
T9 -0.071 0.726 -0.033 0.870 -0.381 0.050 0.095 0.639 0.362 0.064

Z5 0 NIMFETT S AIS 5 EHE S AR IR ET % B R
B TSGR R R

AT LA 28 1] AIS % 5 13 Fl4ERR DT
TC 114 B A I 5 7 D ARAE RSx4, X T A
TEESEMEES R, R BN AIS AT
HEX ASA Tz CDS %% B8 41 A1 [7] 45 Be i CDS 1 fi
Bk, BORTEFIA ALS I 5 e BRI HE 1F 5% 35 /0 4F
XUAE 5 KRR ET I EET BT, ABEA S FE
HE 5 AR BRET B AMER 110 AIS F35 SDS 5 B IE
WH AR SDS Z T E MR, A, Zoudk
PEEHZE R BoR AIS B35 ER S TiHEX CDS 5
VT BIEAH S 7R AIS HE HEMHE IR 2 C7 BY 3R
LR AH D HEPR (1 CDS K8 K, 2% X 38N R HE A T A
{18 A0 A T E5OME 5 MR MR 35 1 XL th o K

UIf A8 USR] A MRI 5 26 41 47 Mg 25 AIS &
F T7.78 J T9 M ] TPD ¥ {5 43> %1~ 4.9mm .

5.1mm A 5.8mm, Michael ZEUF I CT &= 29 #
filAs AIS B T7.T8 K T9 M40 TPD 48 5 5
M 5.2mm 5. 7mm A 6.7mm, ASWFE TS T7 .
T8 K T9 [l TPD (T7:4.31mm;T8:4.36mm;T9;
5.11mm) ¥ /NTF Ulf & Michael B9 & 258 AHF
FEIESE AIS & & N TPD & 2 /N T [6) 5 B
TPD (T7:5.06mm;T8:5.59mm;T9:5.66mm) ; L4},
ARFFT I K I ALS B3 M TPD B 2 2 /N T+ g
HEIE % 7 /0 4 [F] 15 B [a] 0 TPD (T7:5.01mm; T8
5.27mm;T9:6.00mm) , MMi AIS &3 ™ TPD 5
HETE # A AF [W 5 B [F 0 TPD Z 0] 4t it 2% 25
5o VA EFIT S SRR ALS B TR vh 254 18 i
HETE B 75 20 4F 1 b5 18 B AE 5 MR IR ET R F: 30 AIS
FEE TN AE = AR IR ET IR E . BR TPD Ab A 5Y
W THHEIX. ABP 94 A LU H 4 BT b, 45 51 2R
AIS BE THE X ABP & 2 KT XF B 4 7] 7 Be i



118 o[ R 2 R 2013 4E5S 23 55 2 1)

Chinese Journal of Spine and Spinal Cord,2013,Vo0l.23 ,No.2

F4 AISZM CDS 5 Cobb & VR E VT & L& 1%
V354
Table 4 Multiple Linear Regression Analysis of
Cobb angle, VR and VT Related to CDS within AIS group

CDS
ters Partial Beta t P
correlations

Cobbffi T7 0.067 0366  1.944 0.064
Cobb T8 -0.055 -0.287 -1.415  0.170
angle T9 0.011 0.051  0.280 0.782
T7 -0.142 -0.266 -1.429  0.166
VR T8 -0.291 -0.645 -4.845 <0.001
T9 -0.287 -0.511 -2.823  0.100
T7 0.120 0.094  0.500 0.022
VT T8 0.087 0.630  3.120 0.005
T9 0.165 0.119  -0.664  0.014

VE : Beta, b7 M 4K [ 19 3 5
Note: Beta, standardized regression coefficient
ABP, XEWRFEFEFIG AIS B A0SR 5 18 1E % % /D
AE ABP [ BB AT W5 5 S 30ME = AR IR AT B
MEAR (R 1T S BE

g L RT iR ALS B E A TAE X CDS 5
ABP B[R] 1E H  AAEI RHG OC TMHI TPD 482
R0 AE 7 D AR AR /N AR A SR AR AT LA
AHEATE 285 2 ff1 BE 3 43 % B¢ Belmont S5 BIF 5%
2508, H)AIS B H IS TiMEX CDS 5 ABP % 1E
B AR IO T M TPD 8 E T AR
FAR/N, ATRES ALS B MM SRR ET R S R
T AN 2SR M A A S AR R AT DR R HA
TRTE Y AH M
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