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Establishment and evaluation of a canine vertebral augmentation
puncture model under fluoroscopic guidance
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[ Abstract] Objective To establish a fluoroscopic percutaneous vertebral augmentation model in dogs by measuring
and analyzing canine spinal anatomy. We also assessed the effectiveness and safety of this modeling method by postoperative
radiological analysis. Methods Morphological measurements were taken in six dogs, aged approximately 12 ~ 24 months,
and the following parameters of the lumbar vertebrae were determined: height of the L1 ~ L7 vertebrae, width of the
vertebral base, distance from the upper edge of the intervertebral disc to the narrowest part of the vertebra, distance from
the vertical line of the spinous process to the upper edge of the intervertebral disc, and vertical distance from the midpoint

of the transverse process to the lower edge of the intervertebral disc. These measurements were obtained to clarify the
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anatomical characteristics of the canine vertebrae and determine the optimal location, direction, and depth for bone-cement
injection. A percutaneous vertebral augmentation model was subsequently established in the 14, L5, and L6 vertebrae of
six healthy Beagle dogs, weighing 20 ~ 25 kg. The dogs were euthanized 4 weeks post-surgery and examined
radiologically. Primary observations included the surgical duration, postoperative distribution of the implanted bone
cement, and integrity of the vertebral canal and anterior edge of the vertebrae. Results Anatomical observation of the
canine vertebrae revealed that the vertebral height increased gradually from L1 ~ L5 and then decreased from LS ~ L7.
The width of the vertebral base increased consistently from L1 ~ L7. The distance from the vertical line of the spinous
process to the upper edge of the intervertebral disc showed an increasing trend from L1 ~ L7 (1.9 ~ 4.0 mm). The
distance between the midpoint of the base of the transverse process and the lower edge of the intervertebral disc increased
gradually from L1 ~ L5 (4.7 ~ 6.9 mm). There was no significant difference in the distance between the midpoint of the
base of the transverse process and the lower edge of the intervertebral disc in the 14, LS5, and L6 segments among the dogs
(P = 0.925). The midpoint of the root of the transverse process of the spine was taken as the puncture point, and the
insertion direction and horizontal plane were at an angle of 20° ~ 30°, with a head tilt of 5° ~ 15° and a puncture depth
of 1.2 ~ 1.5 cm. If the puncture was directed towards the caudal side of the vertebra, the angle of the needle tail was 30°
~ 35°, with a penetration depth of 1.5 ~ 1.8 em. This technique allowed the successful construction of a canine vertebral
puncture surgical model. A total of 15 canine vertebral puncture surgical models were successfully created, with an average
surgery time of 22.7 + 4.6 min (15 ~ 30 min) per vertebral segment. During surgery, one vertebral segment experienced
spinal cord injury result ing in paralysis of the hind limbs and bowel and bladder incontinence. Two vertebral cortical bones
fractured, but there were no deaths due to anesthesia or infection. Four weeks post-surgery, micro-computed tomography-
based three-dimensional reconstructions consistently showed bone cement distributed within the trabecular bone of the
canine vertebrae, with newly formed bone tissue enveloping the implanted material. There was no leakage, and no
complications such as damage to the vertebral canal or the anterior wall of the vertebrae. Conclusions A safe and reliable
canine vertebral augmentation puncture model can be successfully established based on the anatomy of the canine lumbar
vertebrae (14 ~ L6) and using the midpoint of the base of the transverse process as a bony landmark.

[ Keywords]  vertebral augmentation; vertebral body puncture; animal model; transverse process of the spine;
puncture approach
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Note. 1. Spinous process. 2. Mastoid. 3. Transverse process. 4. Intervertebral foramen. 5. Ilium. Black arrow indicates the posterior lateral

entry point used in this study for needle puncture.

Figure 1 Gross anatomy of a canine vertebra
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Note. a. Locating the intervertebral level, vertebral bone landmarks and puncture site under fluoroscopy. b. After disinfection and draping, needle

puncture is performed. c. Needle advancement through the vertebral cortical bone. d. Guidewire placement and confirmation of intact walls. e.

Midline, dilator opening of cancellous bone to a satisfactory depth. f. Lateral, dilator opening of cancellous bone. g. Guidewire re-confirmation of

intact walls. h. Midline, placement of catheter and gradual injection of polymethylmethacrylate bone cement while monitoring distribution and

preventing epidural spread. i. Midline, removal of catheter and observation of bone cement distribution. j. Lateral, observation of bone cement

distribution. White arrows. Bone cement.

Figure 2 Procedure of vertebroplasty in dogs

1.3 SitESH

BT MH = b2 (& = ) Fom, FIH
SPSS 26. 0 ¥ {1 47 Ab #H, PP &K Ty 22 0 A1/ 1.SD
LZEIB N R R ENE, P < 0.05 FRm A G

ERL,

s

2 #HR

2.1 RE9ER

R NEAEILA 7 A~ A EARAE 1A 58 3 H 5 )
Tia] ] VT Ah R AR A, R B A IR B S,
ER A A SR CNEL T SN N N I A R S (£ R
TR, R LL ~ L7 AL, (B7E & LA —
FEMZESE o L7 3 B/ BB A 55, i LS
B, T R I M v FE S i < )R
Pk /N IRRAE . 6 B LUAS K HEME EL A 2 S50 (&

3,% 1), #F— AT RHEIK Micro-CT A& B, HEA
PR 5 R HL A B 3 22, v T) B2 38 - 08 Jo R X 5
(E4).

Pl S, 6 RRBFH 14 ~ Lo 1y
D5 G2 ¢ L (F = 0.078,P = 0.925) ,BiR 14
~ L6 H GEARER rh i S ] 85 T S e P 25 AH 0 AR
AR, AR 2ZER /N, LR 14 ~ L6 BEZEARE
ATV A HEAAR 22 %) 2 4 T SE 0 B PEAR A
2.2 FRER

SR FEVHE AR e 5 L JIC 5 B8 208K 1 L4 (L5 L6
W BHEACH BRI B, R 6 H AR R 3L sl oy il 4
15 AN RAE AR 28 I F-ARBEAY | 5 B3 F- AR B[]
22.7 + 4.6 min(15 ~ 30 min) , ZEHIEN S NEER
HRFR b 2 55 1 5 M 308 R R 5 i 30 1M1 B 2k 1) 58 A
SERNA R 5 K5 300, 1n) Sk AR R 10° %8



ot [ S2I E AR 2024 4F 3 H 45 32 555 3 8] Acta Lab Anim Sei Sin, March 2024, Vol. 32, No. 3 359

Head side

TE AR5 2 MBI AL ;3. 5L 34 L7 MEMS DL AMEIRTR L ; D2 MEIR R IR ST L ; D3« M) 5 | G S HEA R BRI G s D4 AR 3 2% 5
FEHEFL I TR LR RIS s D5 B R AR R Rl S HE RIS N AR B . (P RR)
B3 REHEAR

Note. 1. Transverse process. 2. Intervertebral disc. 3. Mastoid. 4. L7 vertebral body. D1. Vertebral body height. D2. Width of vertebral

body base. D3. Distance between the upper edge of intervertebral disc and the narrowest part of vertebral body. D4. Distance between the

upper edge of intervertebral disc and the midpoint of vertical line through transverse process. DS. Vertical distance between midpoint of

transverse process base and lower edge of intervertebral disc. (The same in the following tables)

Figure 3 Anatomy of canine lumbar vertebrae
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Table 1 Measurement parameters of the lumbar spine in beagle dogs(x + s)

i H Ttems LI 12 L3 14 L5 L6 L7
D1/mm 14.6 + 0.7 15.0+ 1.1 16.5+ 1.3 17.4 + 1.2 17.7 £ 1.5 158+ 1.5 11.6 + 1.2
D2/mm 16.2 £ 1.1 17.0 £ 0.9 17.7 + 1.3 17.8 = 1.6 18.0 1.7 18.3 + 1.2 18.1+1.6
D3/mm 8.9+0.7 9.2+0.6 9.7 0.9 9.4+0.8 9.8+0.8 8.1+0.7 5.8+0.8
D4/mm 1.9+ 0.3 1.7 +0.3 1.9+ 0.3 2.5+0.2 2.3+0.3 3.0+ 0.4 4.0+0.4
D5/mm 4.7+0.2 5.1+0.3 5.7+0.2 6.8+0.5 6.9+0.3 6.8+0.4 4.1+0.3

L JEAE

Note. L. Lumbar vertebrae.
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Note. a. Midline. b. Cross section. c. Lateral. d. Sagittal plane.

Spinal canal. 6. Lamina.

1. Transverse process. 2. Spinous process. 3. Mastoid. 4. Vertebral body. 5.

Figure 4 Micro-CT results of dog vertebral bodies
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Note. 1. Spinous process. 2. Transverse process. 3. Puncture path. 4. Spinal canal. 5. Vertebral body. Dashed line indicates the distribution of

bone cement within the vertebral body.

Figure 5 Micro-CT results after PMMA injection in dogs
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