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Design of a movable artificial lumbar complex and its preliminary biomechanical analysis in goats/LIU
Jiantao, ZHANG Feng, Li Yuhuan, et al/Chinese Journal of Spine and Spinal Cord, 2017, 27(4): 345-
352

[Abstract] Objectives: To design a movable artificial lumbar complex to reconstruct the height of lumbar
vertebra and preserve the motion of inter—vertebral discs, and to perform the biomechanical tests in vitro.
Methods: 26 fresh specimens of goat lumbar spines were used, and those with spinal deformity or fracture
by the examination of thin slice CT scan were ruled out. Two specimens were finally excluded for vertebral
fracture and twenty—four specimens were included in this research. The specimens were randomly divided into
normal, fusion and non-fusion group, with eight specimens in each group, and bone mineral density was
tested before operation. The anatomical data of goat lumbar spine dissected in operation were acquired and
the design of movable prosthesis model was optimized with the computer—aided software, while the size of
prosthesis was designed into five specifications according to the average anatomical parameters of 24
specimens, and the prosthesis was produced with the technique of 3D printing and machining. Image
examination was performed for specimens in fusion and non—fusion groups (implants in 14) after operation to

determine the position of implants and condition of spinal cord, and then bio—mechanical tests with the load
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of 4Nm were added to assess the activity and stability of movable prosthesis. Results: Bone mineral density
showed no statistical difference among three groups(P>0.05). The anterior height, middle height and posterior
height of 14 vertebra were 38.8+2.7mm, 39.7+2.1mm, and 40.9+1.1mm respectively; the upper, middle, lower
12.5+2.0mm, 16.6+0.5mm and 22.9+2.6mm,
14.3£1.3mm, 23.6+2.9mm respectively; the anterior, middle and posterior heights of L3/4 and LA4/5 vertebral

sagittal diameters and horizontal diameters were 16.5+0.8mm,

discs were 4.9+1.0mm, 3.0£0.5mm, 1.9%+1.0mm and 5.0+0.4mm, 3.6+0.9mm, 2.4+0.9mm respectively. The
movable artificial complex of goat lumbar was formed by the vertebral body part and disc part and both were
jointed together by ball —and —socket joints resisting dislocation.  Postoperative imaging found no abnormal

position of prosthesis and spinal cord compression. Compared with the fusion group, the non—fusion group
could retain motion of L3/4 and 14/5 range of motion and reduce the range of motion of L2/3 (P<0.05);
compared with the normal group, non-fusion group had no significant difference in the range of motion of

inter—vertebral discs(P>0.05). Conclusions: The movable artificial lumbar complex designed according to the

Chinese Journal of Spine and Spinal Cord,2017,Vol.27 ,No.4

anatomical structure of goat lumbar,

but also retain the activity of inter—vertebral discs.

not only can reconstruct the height and stability of operative segments

[Key words] Artificial vertebral body; Lumbar spine; Subtotal resection; Non—fusion; Goat
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Figure 1 Measurement Indicators of goat lumbar anatomical param-
eters a the side view of CT three—dimensional reconstruction for goat
lumbar 1, 2, 3 the anterior, middle and posterior height of vertebra
4, 5, 6 the sagittal diameter of upper, middle and lower plane 10,
11, 12 the anterior, middle and posterior height of adjacent disc b
the front view of CT three—dimensional reconstruction for goat lum-

bar 7, 8, 9 the coronal diameter of upper, middle and lower plane

- Py

curved bargeboard; 8 the cylindrical projections; 9 the screw hole; 10 the annular groove; 11 the small notch; 12 the
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Figure 2 movable artificial lumbar complex of goat
(1 vertebra part; 2 half spheres; 3 round table struc-
4 the rectangle though

ture preventing dislocation;

slot; 5 small round slots; 6 the base plate; 7 the

tooth—like projections; 13 nearly hemispherical shell; 14 the curved convex) a Three dimensional model of the prosthesis

(A, the front view of the complex; B, the profile view of the complex; C, the artificial vertebral body; D, the artificial

disc) b The picture of real products
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Figure 3 Pictures of biomechanical tests a The machine of MTS 858 Mini Bionix I b Pattern graph of extension(1

The location of pressure imposed on; 2 The new fixture; 3 the embedding materials) ¢ The specimen of fusion group in

torsion test
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Table 1 The results of anatomical measurement of
goat lumbar

HUR R 7
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L4 HEMR AT =

I L
Measured values

The anterior height of 14 vertebra 38.8%2.7
L4 HE v 3
The middle height of L4 vertebra 39.7+2.1
L4 HEM 5 =
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LA Mifde 157 1 22 R A2 16.5+0.8
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L4 HEPK ST 2 AR A2 12.5+2.0
The sagittal diameter of middle plane B
L4 A v SF- TR 72 143+13
The coronal diameter of middle plane -
L4 Mg N -1 = R 7 16.6+0.5
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L3/4 Ak [a] £ 3.0+0.5
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LA/5 e i) 23 i 5
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The posterior height of L4/5 disc
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Figure 4 X-ray examinations of specimens in normal group a The
anterior—posterior X-ray plain of goat lumbar b The lateral X-ray
plain of goat lumbar Figure 5 The X-ray examinations of post—
operative specimens in fusion group a The anterior—posterior X-ray
plain after operation showed that the position of titanium mesh cage
and titanium plate for goats were normal b The anterior—posterior X-ray plain after operation showed that no screws was
into spinal canal Figure 6 Radiographic examinations of post—operative specimens in non—fusion group a, b The ante-
rior—posterior and lateral X-ray plains after operation showed that the position of the movable artificial vertebra for goats

was normal and no screws was into spinal canal ¢, d The CT scan after operation showed that the position of the mov-

able artificial vertebra for goats was normal and there was no depression on spinal cord
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R 2 3 ERAKTEHEB RE)ESE (n=8,x15,°)
Table 2 the rang of motion(ROM) of different inter—

vertebral disc among three groups

U Al £ 41 Al A 41
Normal Fusion Non—fusion

L2/3 #EE] B 1L2/3 inter—vertebral disc

i i (FLX) 1.8+0.2 2.5+0.27 1.6+1.3%

i (EXT) 2.3+0.2 2.9+0.37 2.2+0.3%

ZEAN S (LLB) 2303 4.4£0.57 2.420.32

A2 (RLB) 2.5+0.5 4.2+0.6Y 2.4+0.4%
L3/4 HEMIBR 13/4 inter—vertebral disc

T J (FLX) 2.1+0.2 0.6+0.27 2.2+0.2%

i (EXT) 2.4+0.3 1.70.6% 2.7+0.3%

A (LLB) 2.9+0.5 1.2+0.3V 3.2+0.2%

A2 (RLB) 3.4+0.8 1.2+0.5% 3.9+0.4%
LA/5 HEIRI B 1A4/5 inter—vertebral disc

il (FLX) 1.7+0.3 0.5+0.3% 1.9+0.3%

Al (EXT) 2.4+0.2 1.6+0.4% 2.7+0.4%

e (LLB) 3311 1.0£0.4% 4.4+0.2%

A5 %25 (RLB) 3.520.2 1.10.47 3.6+0.3%
1.2~L5 HEIA B 1.2-15 inter—vertebral disc

ZETEEE (LT) 6.2+0.4 6.2+0.3 6.30.2

A lEs% (RT) 6.3+0.3 6.2+0.2 6.6+0.3%

TE (D5 A B ALbR AR AR [F] 4 17 PR He 52, P<0.05 525 fil & 41 A5 A
AR TR A ] B L %52, P<0.05

Note: (DCompared with the ROM in the same inter—vertebral
dise of normal specimens, P<0.05; @Compared with the ROM
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