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Establishment and evaluation of a puncture model for vertebroplasty in rabbit vertebra/LIU Jia,
CHEN Qingyu, BAO Xiaogang, et al/Chinese Journal of Spine and Spinal Cord, 2020, 30(11): 1037-
1045

[Abstract] Objectives: Through measuring and analyzing the anatomical shape of the rabbit spine, to ex-
plore the feasibility of establishing a puncture model for vertebroplasty in rabbit vertebra, and to clarify the
method of model establishment. To evaluate the effectiveness and safety of this model through the imaging
and morphological analysis after vertebroplasty. Methods:  Twenty —six healthy New Zealand rabbits (body
weight, 2.5-3.0kg) were selected. The shape and parameters of spinal specimens of 6 rabbits were observed,
including the length of the vertebral body, the width of the base of the vertebral body, the horizontal distance
between the junction of the transverse process and the vertebral body, the intervertebral foramen, the anterior
edge of the articular process and the upper edge of the intervertebral disc, and the distance between the up-
per edge of the intervertebral disc and the narrowest part of the vertebral body. The puncture model for ver-
tebroplasty was established in the L5 and 16 vertebrae of 20 rabbits and a-Tricalcium phosphate bone ce-
ment was injected. Imaging and histological examination were performed 3 days, 8 weeks, and 12 weeks after

postoperative sacrifice. The main observation indexes included surgical duration, postoperative injection position
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of bone cement, and the integrity of the spinal canal and the anterior edge of the vertebral body. Results:
According to the anatomical observation of the rabbits, the height of vertebrae increased gradually from L1 to
L5 segments, and decreased gradually from L5 to L7 segments. The width of the base of the vertebrae
increased gradually from L1 to L7 segments. The horizontal distance between the mammillary process and the
upper edge of the intervertebral disc increased gradually from L1 to L6 (1.7-2.5mm). The vertical distance
between the posterior edge of the vertebrae and the inferior margin of anapophysis increased gradually from
L1 to L6 (-0.2-1.3mm).

and the upper edge of the intervertebral disc (P=0.736)

There was no statistical significance in the distance between the mammillary process
and the distance between the posterior edge of the
vertebrae and the inferior margin of anapophysis(P=0.611). The optimal entry point was set at the bisection of
a vertical line through the mammillary process and a horizontal line through the inferior margin of

anapophysis, with an angle of 20°-30° to the horizontal plane, head tilt of 0-10° and depth of insertion of
7-10mm. After vertebroplasty, no paralysis of lower limbs caused by spinal cord injury was found, and one
rabbit died of infection. The average surgical duration was 40.8+5.9min(30-55min). The 3 days postoperative
histological examination revealed new irregular bone and bone cement materials wrapped with bone trabecula.

3 days,

dimensional reconstruction based on Mirco—CT showed that the bone cement was distributed in the cancellous

No disc or annulus fibrosus damage was found. 8 weeks, and 12 weeks postoperative three—

bone of the rabbit vertebral body with no cement leakage, and the vertebral canal and the anterior wall of

the vertebral body were intact without damage. New bone tissue was found around the bone cement.

Conclusions:  Based on the anatomy of lumbar vertebrae, the puncture model for vertebroplasty in rabbit
vertebra can be successfully established with the mamillary process and the anapophysis as bony landmarks.
[Key words] Vertebroplasty; Puncture; Models; Anapophysis; Mamillary process.
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Figure 1 The anatomy of the rabbit’s lumbar vertebra a Anterior view of the vertebra b Cross section view of the
vertebra ¢ Right lateral view of the vertebra[l Anapophysis; 2 Mamillary process; 3 Transverse process; 4 Intervertebral
disc; 5 Vertebral plate; 6 Spinous process; 7 llium; D1 The vertebral height; D2 The width of the vertebral base; D3
The distance between the edge of the intervertebral disc and the narrowest part of the vertebra; D4 The horizontal

distance between the mammillary process and the upper edge of the intervertebral disc; D5 The vertical distance

between the inferior margin of anapophysis and the posterior edge of the vertebrae]
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Figure 2 a The optimal puncture point b The direction of puncture ¢ Three—dimensional reconstruction of the vertebrae
[1 Anapophysis; 2 Mamillary process; 3 The vertebral base; 4 The vertebral plate; 5 The spinal cord; The red horizontal
line indicated the inferior margin of anapophysis; The red vertical line was the line through the midpoint of the
mamillary process; The yellow dot indicated the optimal puncture point. The yellow dotted lines indicated the track for
puncture; o was the angle between the track and the horizontal plane (20°-30°) d indicated the depth for puncture;
White arrow indicated the middle part of the vertebrae, there was no space for a puncture in this part due to lacking
cancellous bone;  The yellow arrow indicated the part of the vertebrae adjacent to the endplate and B showed the

transverse section at this level]



o[ A2 7 2020 4E45 30 55 11 )

Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.11 1041

Q) (59

B 3 A ME AR TE AR o R R R B IR a AR h s A R SR FL O B MERR S, e IR AT E IR B S b
KRR GIATEEY FFR O ¢ Imm HH&HESE KR d BKRERERDE ¢ BHESMTHK £ 4%55%
G LT AR K LY 2. 5em (1 MEMEI 2 ;2 FL5E ;3 MR BE ;4 BESE ;5. B AR G H LT v R NG =ME
ST Dy HE ) £L & H B I A8 B PR 2 5 B R Sk O K e TE ST AL )

Figure 3 The detail operational steps of establishment of the vertebroplasty puncture model a After the anapophysis
and mamillary process being surgically exposed, a Kirschner wire was drilled through the trajectory with an appropriate
depth b The bone cement injection was used to enlarge the puncture opening ¢ The bone cement was injected by 1mm
syringe d After the injection of bone cement e The fascia was tightly sutured in layers f 2.5¢cm long skin incision was

observed after suture(l Anapophysis; 2 Mamillary process; 3 Lateral part of the vertebrae; 4 Transverse process; 5 fascia;

White arrow indicated the puncture point; White triangle indicated the blood vessels and nerves from the intervertebral

foramen; Yellow arrow indicated the bone cement)
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Table 1 The anatomical measured parameters of New Zealand white rabbit’s lumbar vertebrae
i H Ttems L1 12 L3 14 L5 L6 L7
D1 (mm) 12.8+1.7 13.3x1.5 13.7+1.6 13.8+1.5 14.0£1.5 13.2+1.3 11.4+1.4
D2 (mm) 9.6+0.8 10.5+1.1 11.3+1.0 12.3+1.2 12.8+1.6 12.9+1.7 13.2+1.6
D3 (mm) 6.2+0.9 6.4+0.7 6.5+0.8 6.7+0.7 6.8+0.6 6.4+0.7 5.6+0.7
D4 (mm) 1.8+0.1 2.0+0.1 2.1+0.1 2.2+0.1 2.3+0.1 2.4+0.1 /
D5 (mm) 0+0.1 0.6+0.2 0.8+0.2 0.9+0.2 1.0+0.2 1.1£0.2 /

TE D1, AR 1 s D2, A AACHE IS 5 18 s D3 Al ) 21 5 B A A e e TR BE 9 5 D4 5 Mk 7L o 3 B 4R BEAE 1) 48 2% BE B s DS, R8T 4 AR 2%

I 5 5 L, A

Note: D1, the height of each vertebra; D2, The width of the vertebral base; D3, The distance between the edge of the intervertebral disc and

the narrowest part of the vertebra; D4, The horizontal distance between the mammillary process and the upper edge of the intervertebral disc;

D5, The vertical distance between the inferior margin of anapophysis and the posterior edge of the vertebrae; L, Lumbar
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Figure 4 The Micro—CT imaging results of vertebrae and implants 3 days
after vertebroplasty[the distribution of implants in vertebrae(a axial; b sagittal;

¢ coronal; d 3D reconstruction), white arrow indicates the vertebral implants]
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Figure 5 Histological examination result stained with HE a The vertebral side with implants, which revealed new
irregular bone and bone cement materials wrapped with bone trabecular, and no disc or annulus fibrosus damage was
found b The vertebral side without any implant, which revealed intact bone trabecular(l bone cement; 2 bone trabecular;

3 endplate cartilage tissue; 4 spinal tissue; 5 annulus fibrosus)
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Figure 6 The Micro-CT imaging results of the 8 weeks (a—d) and 12 weeks (e=h) rabbits after vertebroplasty: The

distribution and location of the implants 8 weeks’ after implantation[(a axial; b coronal; ¢ sagittal; d 3D reconstruction);

Micro -CT imaging results of the 12 weeks after implantation (e general photograph;

reconstruction); White arrow indicates the implants in vertebrae|
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