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Abstract

Objective: Cervical pedicle screw (CPS) fixation, renowned for its excellent biomechanical stability, has
been widely employed in various cervical pathologies including cervical spinal stenosis and cervical ky-
phoscoliotic deformities. However, the application of CPS in pediatric patients remains technically de-
manding due to immature osseous development, substantial anatomical variability, and the close prox-
imity to critical neurovascular structures such as the vertebral artery and spinal cord. Furthermore, sys-
tematic anatomical data regarding pediatric cervical pedicles remain scarce. This study aims to pre-
cisely measure the anatomical parameters of cervical pedicles in children aged 3~10 years using high-
resolution CT imaging, and to analyze the influence of age and vertebral level on morphological charac-
teristics, thereby providing anatomical evidence for screw dimension selection, entry pointlocalization,
and trajectory planning in pediatric cervical pedicle screw fixation, ultimately reducing the risk of
screw-related complications. Methods: We retrospectively analyzed cervical CT images of 196 children
(104 males, 92 females; mean age 6.2 *+ 2.2 years) who underwent thin-slice CT scanning (slice thickness
< 1 mm) with three-dimensional reconstruction at our center from January 2018 to September 2024.
Patients were divided into two groups: <5 years (n = 61) and 5~10 years (n = 135). Using the Light Speed
workstation, we measured pedicle width (PW), pedicle axis length (PAL), transverse pedicle angle (tPA),
and sagittal pedicle angle (sPA) at C1~C7 levels. Independent sample t-tests were used for between-
group comparisons, with P < 0.05 considered statistically significant. Results: Pediatric cervical pedicle
parameters showed significant age- and level-dependent patterns. (1) Pedicle width: The <5-year group
demonstrated significantly smaller PW values than the 5~10-year group at all levels (P < 0.05). C1 ex-
hibited the largest PW (<5y: 7.8 + 0.4 mm; 5~10 y: 9.4 * 0.7 mm), while C3 was the narrowest (<5y: 4.7
* 0.4 mm; 5~10 y: 5.6 * 0.6 mm), with gradual widening from C3 to C7. (2) Pedicle axis length: PAL in-
creased progressively from C1 to C7 in both groups, with significantly greater values in the 5~10-year
group (P < 0.05). (3) Angular parameters: Both tPA and sPA showed considerable interindividual varia-
bility. Notably, C2 demonstrated significantly greater sPA compared to other levels. Additionally, sPA
values were positive at C1~C4 (cephalad inclination) but negative at C5~C7 (caudad inclination), con-
sistent with cervical physiological curvature. Importantly, over 60% of C3 measurements in the <5-year
group were <5 mm, indicating high risk for cortical perforation during screw placement. Conclusions:
Anatomical parameters of cervical pedicles in children aged 3~10 years demonstrate regular patterns
with age and vertebral level, though individual variation remains substantial. The narrow C3 pedicle
and large C2 sagittal angle pose specific technical challenges for screw insertion. The established ana-
tomical database provides precise guidance for individualized CPS selection (screw diameter, length,
entry point, and trajectory) and offers important clinical implications for reducing complications such
as vertebral artery injury, nerve root damage, and fixation failure. We recommend meticulous pre-
operative CT evaluation PW for children under 5 years, with consideration of computer-assisted nav-
igation techniques when necessary to ensure screw placement safety.
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Figure 1. Measurement methods of pedicle width, pedicle axial length, pedicle
lateral inclination angle, and pedicle cranial inclination angle
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Table 1. Pedicle width (PW) distribution of each vertebral segment by age from 3 to 10 years old (X £s, mm)
= 1.3~10 SR FM I T ERESIRFEE PW 2/ 1ER(X£s, mm)
HE 75 L B8 B (PW)
3y 4y 5y 6y Ty 8y 9y 10y
C1 7703 8.0£04 9.6+£0.2 9.6+04 89+0.1 9.1+£04 9.7+£1.2 9.4+0.6
C2 6.3+£1.1 6.7£1.1 7.7+£12 76+0.9 71+£14 72+20 7.3+£0.6 6.9+0.1
C3 4.7+0.2 4.7+0.6 55+0.3 5.3+0.6 56+0.3 57+05 56+1.0 58+0.1
c4 51+0.3 50+0.2 55+0.6 57+04 56+0.7 58+0.6 58+0.9 6.0+0.5
C5 52+0.1 57+0.3 6.3+0.8 6.0+0.1 59+05 6.0+0.8 6.0+1.0 6.4+0.6
C6 53+£0.3 54+09 57x0.1 59+£03 6.0£05 6.1£0.8 6.3+£1.1 6.3+14
C7 6.0£0.2 59+£03 6.1£0.3 6.3+£0.1 6.2+£0.7 6.4+£05 6.5+£0.3 6.8+£1.0

Table 2. Average values and standard deviations of Pedicle Axial Length (PAL) by age and spinal segment (X £s, mm)
=2 BEBRSTRESRIMLK PAL PHERIMEE(X s, mm)
HE 5 AR 2R K (PAL)
3y 4y 5y 6y Ty 8y 9y 10y
C1l 25721 26.1+£1.7 269+1.6 27419 2713+22 27.1+£0.6 27409 276+0.9
C2 253+11 264+15 269+1.1 26.8+0.9 27416 28.1+£0.7 27220 27215
C3 264+14 27.2+1.7 27603 27.1+£0.6 273138 28.0x15 27405 27614
C4 26.7+x04 275+08 28509 276x10 28518 283x09 279+x15 289x16
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C5 268+14 280+x05 283+09 282+01 282+16 285+09 282+03 285%11
C6 27305 284+13 286+10 275+02 300+03 290+06 281+05 303+0.2
c7 278+08 284+07 282+02 284+06 294+x09 292+06 289+22 301+34

Table 3. Average values and standard deviations of PW and PAL in children aged <5 years and 5~10 years (X £ s, mm)
%2 3. <5 54AF1 5~10 540 PW 5 PAL FHERIFEZE(X 1S, mm)

PW PAL
<5 5~10 <5 5~10
C1 7.8+04" 9.4+0.7" 259+19 273+138
c2 6.5+1.2 74+13 25.7+12" 272+1.7"
C3 4.7+04" 5.6 £0.6" 26.7+1.6 275+21
C4 51+03 57+0.8 27.1+0.6" 28.3+1.8"
C5 55+03 6.2+0.8 27.3+1.0" 283+1.1"
C6 54+05 6.1+09 278+0.9 289+13
C7 6.0+0.2" 6.5+0.6" 28.1+0.8" 29.1+1.6"

o <5 B, 5~10 HAWAMILE A Gt =R (P < 0.05).

Table 4. The average value and standard deviation of the transverse pedicle angle (tPA) for each age group and each segment

in children aged 3~10 years (X £, °)

& 4.3~10 & ZFR BT ERESRIMIARA PA BFIERFREE(X £5, )

ME 5 ARSMIUA (tPA)
3y 4y 5y 6y Ty 8y 9y 10y

C1 345+11 353+38 363+19 357+09 343+12 367+05 36.0+x16 37705
C2 429+24 435+x14 412%16 415+15 45731 43729 46.3+5.0 48.0+4.2
C3 415+04 430+£10 454+18 455+£1.2 447+£38 44729 475+£21 465+2.6
C4 426+22 455+06 441+39 450+£29 457+x05 445x15 465+34 447 +£3.1
C5 419+0.7 455+%13 455+2.6 43.0+£38 46.3x27 455+15 47.0x£29 447 +£3.1
C6 418+09 421+09 463+34 445+05 458+08 44009 463+40 457%24
C7 425+05 433+24 423+12 430+10 420+08 457+26 445+21 427%46

Table 5. The mean and standard deviation of the sagittal pedicle angle (sPA) for each vertebral segment across different age
groups in children aged 3~10 years (X £S, °)
2 5.3~10 FEFRETERESRELA sPA BIEHEFIFREE(X £5,°)

ME 5 AR LT A (SPA)
3y 4y 5y 6y 1y 8y 9y 10y
C1 15+04 1.5+£05 1.8+0.8 1.3+04 23+0.8 20+£0.7 23+04 1.8+0.8

Cc2 148+06 130+19 115+x09 135+33 148+33 160+19 153+27 13.0%x25
C3 83+13 10511 8511 100+19 125+33 103+25 115+15 108%19
C4 45+21 43+19 35+18 3.3+04 40+19 48+11 3.0+12 3.8+19
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Figure 2. Line graphs showing the pedicle width (PW) and pedicle axis length (PAL) of each
cervical vertebral segment in the <5 years group and the 5~10 years group
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BRI ESEOATIE, RS FARE L. KL E ) L5 S 5 AR AR 2% 2 507 SUHEME 5 AR IRAT
BENLRPA EEME SR L.

4.4.CPS BEfIHARMNEARSRE

SR S B PN [ R R AR NN 22 . AN luque RFIFRSE[17] [21], (HPHILE 2 EAR . EHMHZE
SRR R CBWTRIR . B4, AT HORIAT B ] i 2 AR R MURE R AR ) e e MEAN B 2 E M, 2
FRCON AR 22 B A ) N [ e R . BRAT BN TR IR R #2308 AT B AT, 3R RN LR 5
BEI R EALEB ST, R SEIUR AR AR e AL LA N B B AT . AHIT 7T & A
H2H(PW. PAL. tPA. sPA)JYJE BT B3R AL T OCH I i it . SUMERRET A3, R4 B S
REGKIE, H FERAT # 1) 1 #E 5 AREZ4T . Johnston 25[22]H9 45 SR BT, ME S HRARET FEELM [ 24T A 5h %
IR/, FeE ko vy, SR AE S AR MEET (B H 56 5 B 5 O (1214 N VS 332 N), 40910 T80 H -1 HE 5 AR 1B
ZUMARRET Hr o C3 719 B S AT SIUME 1T B b e = I AE S AR 96 5, {HIEFH 3.5 mm CPS B A RESRTF R
UF-FRD 3] 5 SR B 22 A E[23] o T — EL IR SR IMEME 5 MR IS4T & R A BNR 4 S 8O RIE R AL, NGBS
FLBE A 1 L TSR k2 o DA B DRI M 5 MR R AT 320 T R A0 S A S 2597 e 28801 R I 2 LT TF B
BT )L 28 SURE AR B N R R M, FEAE T JLEE STUME P4 [ e T LS AL WLAS NGB BT DA B TR e Al
RLE A S EOMA B M TF R, AR A B R 12 it — e fe S &% .
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