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Abstract

BACKGROUND: Because the vertebrae of children aged 1 to 3 years are not fully mature, there is no specific pedicle screw for
children. At present, the existing pedicle screw with the smallest diameter is for adult cervical lateral mass or pedicle screw
fixation.

OBJECTIVE: To compare the biomechanical changes of adult cervical pedicle screw used in cervical pedicle fixation of adult pigs
and lumbar pedicle fixation of young pigs.

METHODS: C;3 segments for six fresh adult pigs and lumbar spinal specimens from six 8-week-old young pigs were selected to
prepare 54 single vertebrae with 108 pedicles. Adult cervical pedicle screw was placed into the prepared pedicles, and the
maximum axial pull-out strength was detected using biomechanical methods.

RESULTS AND CONCLUSION: The maximum axial pull-out strength of the cervical specimen was lower than that of the lumbar
specimen, but there was no significant difference (P > 0.05). The mean pull-out strength of L1 was significantly lower than that of L3
(P < 0.05). The mean pull-out strength of Cs was significantly higher than that of C; (P < 0.05). There was a significant difference
between the bone marrow density of the cervical and lumbar specimens (P < 0.01). From this study, we got the preliminary
experimental foundation about applying adult cervical pedicle screw to the lumbar spine of young children from the viewpoint of
axial pull-out strength.

Li XL, Zhang QM, Li XJ, Zhang XJ, Li CX, Sun L, Lu SY, Zhang KY, Yu FZ, Qi XY, Sun BS. Feasibility of adult cervical pedicle
screw in the lumbar spine of young children.Zhongguo Zuzhi Gongcheng Yanijiu yu Linchuang Kangfu. 2011;15(26): 4798-4803.
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Table 1 The measurements of adult porcine spine
bone mineral density

Area BMC1 BMD1 Area2 BMC2
Sample

(cm’) @  (gem?) (cm?) (@)
P7 2096 1593 0760 2061 1567
P8 2216 1596 0720 21.09  15.23
P9 20.23 13.98 0689 2025  13.96
P10 1546 947 0612 1541 9.28

P11 15.09 10.39  0.689 15.09 10.41
P12 13.24 8.22 0.621 15.17 8.66

BMD2 Area3 BMC3 BMD3 Mean BMD

Sample
Pe (glem?d)  (em?) @  (gfem®)  (glem?)
P7 0.761 20.44 15.34 0.751 0.757
P8 0.722  21.88 15.71 0.718 0.720
P9 0.689  20.31 13.94 0.686 0.688

P10 0.602 15.57 9.42 0.605 0.606
P11 0.690 15.08 10.36 0.687 0.689
P12 0.571 15.11 8.65 0.573 0.588
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Table 2 The measurements of lumbar vertebral bone mineral density (BMD) in young pigs
Sequence Young Area21 BMC1 BMD; Area22 BMC2 BMD? Area23 BMC3 BMD? Mean BQVID Mean vazlue

pig (cm’) (9) (g/em™)  (ecm’) (9 (g/em?)  (cm’) (9 (g/cm’) (g/cm”) (g/cm’)
L4 P1 4.20 1.79 0.426 3.97 1.72 0.433 4.25 1.81 0.426 0.428

P2 3.63 1.48 0.408 2.44 1.14 0.467 2.54 1.16 0.457 0.444

P3 2.24 0.99 0.442 2.22 0.98 0.441 213 0.96 0.451 0.445

P4 3.09 1.53 0.495 4.24 1.90 0.448 3.09 1.55 0.502 0.482

P5 2.52 1.19 0.472 2.55 1.20 0.471 2.54 1.18 0.465 0.469

P6 3.76 1.31 0.348 2.20 0.87 0.395 3.55 1.23 0.346 0.363 0.439
L, P1 4.23 1.79 0.423 4.21 1.77 0.420 4.40 1.83 0.416 0.420

P2 4.23 1.64 0.388 3.12 1.32 0.423 3.04 1.30 0.428 0.413

P3 2.68 1.12 0.418 2.60 1.08 0.415 2.69 1.1 0.413 0.415

P4 3.39 1.60 0.472 4.36 1.90 0.436 3.44 1.63 0.474 0.461

P5 3.13 1.32 0.422 3.27 1.37 0.419 3.27 1.36 0.416 0.419

P6 4.04 1.40 0.347 2.62 0.99 0.378 4.21 1.45 0.344 0.356 0.414
L, P1 4.50 1.83 0.407 4.66 1.84 0.395 4.31 1.75 0.406 0.403

P2 4.17 1.62 0.388 3.20 1.34 0.419 3.20 1.35 0.422 0.410

P3 2.92 1.14 0.390 2.78 1.09 0.392 2.65 1.07 0.404 0.395

P4 3.68 1.62 0.440 4.85 1.97 0.406 3.74 1.65 0.441 0.429

P5 3.46 1.41 0.408 3.39 1.38 0.407 3.45 1.41 0.409 0.408

P6 4.33 1.44 0.333 3.39 1.38 0.407 4.40 1.47 0.334 0.358 0.400
Ls P1 4.78 1.85 0.387 4.80 1.84 0.383 4.95 1.88 0.380 0.383

P2 4.95 1.75 0.354 2.97 1.19 0.401 2.97 1.20 0.404 0.386

P3 2.47 0.96 0.389 2.57 1.01 0.393 2.41 0.96 0.398 0.393

P4 3.53 1.51 0.428 5.23 2.04 0.390 3.67 1.60 0.436 0.418

P5 3.58 1.45 0.405 3.50 1.41 0.403 3.52 1.43 0.406 0.405

P6 4.50 1.48 0.329 3.06 1.09 0.356 4.58 1.52 0.332 0.339 0.387
Ls P1 4.53 1.75 0.386 4.42 1.72 0.389 4.60 1.76 0.383 0.386

P2 4.28 1.53 0.357 2.00 0.94 0.470 2.93 1.14 0.389 0.406

P3 2.24 0.86 0.384 2.35 0.90 0.383 2.20 0.86 0.391 0.386

P4 3.67 1.54 0.420 5.32 2.04 0.383 3.73 1.58 0.424 0.409

P5 3.22 1.29 0.401 3.48 1.40 0.402 3.33 1.33 0.399 0.401

P6 4.15 1.25 0.301 4.25 1.28 0.301 414 1.26 0.304 0.302 0.382
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Figure 1 Pedicle length measurement
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Figure 2 Pedicle width measurement
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Figure 3 Pedicle thickness measurement
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Figure 4 Pedicle screw insertion in the vertebrae
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Table 3 Lumbar pedicle measurement in young pigs (cm)

ltem  Ly(RIL) Ly(RIL) La(RIL) Lu(RIL) Ls(RIL)

P1L  1.500/1.500 1.480/1.500 1.450/1.480 1.500/1.520 1.500/1.502
W  1.100/1.080 1.100/1.084 1.010/1.000 1.000/1.010 0.820/0.824
T 0.480/0.500 0.500/0.510 0.510/0.530 0.492/0.460 0.492/0.500
P2L 1.500/1.500 1.480/1.490 1.452/1.500 1.540/1.570 1.432/1.452
W 1.180/1.170 1.100/1.082 0.972/0.982 0.922/0.922 0.982/0.922
T 0.460/0.530 0.500/0.510 0.500/0.530 0.492/0.452 0.540/0.580
P3L 1.460/1.452 1.422/1.420 1.410/1.324 1.400/1.412 1.400/1.400
Wt 0.900/0.952 0.900/0.900 0.860/0.942 0.880/0.900 0.700/0.700
T 0.500/0.500 0.510/0.500 0.500/0.550 0.500/0.530 0.500/0.520
P4L 1.472/1.470 1.374/1.400 1.500/1.450 1.472/1.500 1.510/1.500
W 1.160/1.100 1.140/1.000 1.050/1.060 1.010/1.010 0.770/0.770
T 0.530/0.530 0.510/0.500 0.500/0.482 0.462/0.452 0.500/0.530
P5L  1.432/1.430 1.334/1.334 1.314/1.400 1.300/1.314 1.280/1.350
W 1.100/1.070 1.100/1.060 0.910/0.972 0.844/0.870 0.700/0.756
T 0.550/0.530 0.500/0.530 0.500/0.520 0.500/0.500 0.500/0.550
P6L 1.300/1.300 1.352/1.374 1.400/1.350 1.334/1.300 1.390/1.390
W 0.952/0.900 1.040/1.130 1.100/1.030 1.060/1.020 0.922/0.870
T 0.510/0.530 0.500/0.530 0.500/0.530 0.510/0.492 0.500/0.472

L: length; W: width; T: thickness
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Table 4 Lumbar pedicle measurement in adult pigs (cm)
Item C3(RIL) C4(RIL) Cs(R/L) Cs(RIL)
P7 L 2.432/2.432  2.430/2.450  2.470/2.460  2.500/2.500

w 0.648/0.630 0.668/0.650 0.640/0.600  0.620/0.600

T 0.500/0.500 0.500/0.510 0.530/0.500  0.500/0.472
P8 L 2.500/2.500 2.432/2.450 2.350/2.350  2.400/2.400
w 0.750/0.746 0.746/0.740 0.680/0.700  0.620/0.640

T 0.650/0.630 0.600/0.600 0.530/0.530  0.570/0.550
PO L 2.350/2.350  2.400/2.400  2.400/2.430  2.452/2.470
w 0.720/0.720 0.720/0.760 0.700/0.740  0.615/0.600

T 0.520/0.540 0.530/0.540 0.520/0.510  0.500/0.500
P10 L 2.200/2.210 2.350/2.340 2.500/2.500 2.682/2.680
w 0.480/0.500 0.550/0.550 0.540/0.540  0.472/0.470

T 0.550/0.550 0.430/0.460 0.490/0.490  0.490/0.490
P11L 2.432/2.432  2.430/2.450  2.470/2.460  2.500/2.500
w 0.648/0.630 0.668/0.650 0.640/0.600  0.620/0.600

T 0.520/0.540 0.530/0.540 0.520/0.510  0.500/0.500
P12 L 2.350/2.350 2.400/2.400 2.400/2.430 2.452/2.470
w 0.720/0.720 0.720/0.760 0.700/0.740  0.615/0.600

T 0.520/0.540 0.530/0.540 0.520/0.510  0.500/0.500

L: length; W: width; T: thickness
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Figure 6 Mechanical experimental console
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Figure 7 Displacement-pull-out strength test curve and the
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