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Study on the biomechanical property and histomorphological changes of fractured vertebrae after percutane-
ous vertebroplasty Quan Renfu” ,Ni Yueming ,Zheng Xuan ,Xie Shangju ,Li Changming. * Xiaoshan Hospital of Tra-
ditional Chinese Medicine ,Hangzhou 311201 , Zhejiang , China

ABSTRACT Objective: To observe the biomechanical property and histomorphological changes of fractured vertebrae after percutaneous
vertebroplasty( PVP) . Methods : One hundred and five New Zealand female rabbits were randomly divided into 3 groups,35 cases in each
group. The rabbits in group B and group C were administrated with ovariectomy and Dexamethasone muscle injection to build models of oste-
oporosis. Then , bone defects were created through surgery in the vertebral body of L, and Ly for all rabbits. The vertebral body with bone de-
fects of rabbits in group C were administrated with polymethylmethacrylate Il (PMMA III ) injection to simulate PVP. At 2,4,8,12,16,24
and 48 weeks after the simulated PVP,5 rabbits were selected from each group and were executed, and their vertebrae of L, and L; were
fetched out for determining the biomechanical strength. Meanwhile , the samples of group C were fluorescent labeled with tetracycline hydro-
chloride , and the histomorphological changes of vertebrae were observed after toluidine blue staining. Results: The axial compression test
showed that there were statistical differences in axial compressional displacement of vertebral specimens between the 3 groups at different
post-operative time points(2 weeks:0. 62 +/—0.10,0.92 +/-0.22,0.43 +/-0.09 mm, F =13. 489 P =0. 001 ;4 weeks:0. 65 +/-0. 17,
1.01 +/-0.16,0.44 +/-0.08 mm,F =24. 843 P =0.000;8 weeks:0.61 +/-0.12,1.27 +/-0.23,0.50 +/-0. 11 mm, F =32.262 P =
0.000;12 weeks:0.61 +/-0.15,1.10 +/-0.10,0.49 +/-0. 13 mm, F =25.488,P =0.000;16 weeks:0.58 +/-0.19,1.17 +/-0. 16,
0.54 +/-0. 10 mm, F =24.730,P =0.000;24 weeks:0.55 +/-0.17,1.10 +/-0.28,0.53 +/-0. 15 mm,F =11.998 ,P =0. 001 ) , except
at 48 weeks(0.54 +/-0.14,0.83 +/-0.26,0.54 +/-0. 16 mm,F =3. 744 ,P =0.054) . Further pairwise comparison showed that the axial
compressional displacement at each time point in group A and group C were all less than those of group B( group A vs group B:P =0. 009,
P =0.001,P=0.000,P =0.000,P =0.000,P =0.001;group C vs group B:P =0.000,P =0. 000, P =0.000,P =0.000,P =0. 000,
P =0.001) ,and there were no statistical differences in axial compressional displacement at each time point between group A and group C
(P=0.062,P=0.328,P=0.208,P =0.648,P =0.894) except at 4 weeks( P =0.038). The three-point bend test showed that there were
statistical differences in maximum load on vertebral specimens between the 3 groups at different post-operative time points(2 weeks;178.0
+/-7.7,130.3 +/-6.2,232.0 +/- 1.7 N, F =385.253,P =0.000;4 weeks:178.3 +/-4.4,127.7 +/-7.1,226.0 +/-5.4 N, F =
371.286,P =0.000;8 weeks:182.4 +/-4.4,131.8 +/-5.2,221.0 +/-3.1 N,F =536.544 ,P =0.000;12 weeks:184.0 +/-0.8,137.0
+/-6.6,215.0 +/-3.2 N, F =422.579,P =0.000;16 weeks:182.9 +/-0.9,140.2 +/-1.5,217.0 +/-4.3 N,F =1 006. 122, P =
0.000;24 weeks:189.0 +/-3.2,140.6 +/-1.7,194.0 +/-4.9 N, F =351.372,P =0.000;48 weeks:191.9 +/-3.9,142.4 +/-2.1,
191.0 +/-8.1 N,F =139. 682,P =0.000) . Further pairwise comparison showed that the maximum load at each time point in group A and
group C were all greater than those of group B(group A vs group B:P =0.000,P =0. 000, P =0. 000, P =0. 000, P =0. 000, P =0. 000,
P =0.000;group B vs group C:P =0.000,P =0.000,P =0.000,P =0.000,P =0.000,P =0.000,P =0.000) ,and the maximum load at
each time point in group C were all greater than that of group A(P =0.000,P =0.000,P =0. 000,P =0. 000,P =0.000) except at 24 and
48 weeks(P =0.054,P =0.724). The resist-torsion test showed that there were statistical differences in the torsional angle of vertebral
specimens between the 3 groups at different post-operative time points (2 weeks:3. 8° +/= 0. 6°,5.4° +/=0.5°,2.4° +/-0.6°  F =
37.977,P =0.000;4 weeks:4.0° +/-1.3°,5.8° +/-=1.6°,2.4° +/-0.7°,F =9. 408, P =0.003;8 weeks:3.7° +/-0.8°,5.7° +/—
0.4°,2.3° +/-0.7°,F =32.229,P =0.000;12 weeks:3.5° +/-0.8°,5.8° +/-0.4°,2.4° +/-0.5°,F =38. 685,P =0.000;16 weeks:
3.5°4/-0.8°,5.7° +/-0.4°,2.4° +/-0.4°,F =41. 931, P =0. 000;24 weeks:3.4° +/-0.8°,5.2° +/-1.2°,2.5° /-0.8°,F =
10. 072,P =0. 003 ;48 weeks:3.0° +/-0.3°,5.1° +/-0.4°,2.7° +/-0.4° ,F =53. 166, P =0. 000 ). Further pairwise comparison
showed that the torsional angle at each time point in group A and group C were all less than those of group B( group A vs group B:P =
0.001,P =0.045,P =0.000,P =0. 000, P =0. 000, P =0. 012, P =0. 000; group B vs group C:P =0. 000, P =0. 001,P =0.000,P =
0.000,P =0.000,P =0.001,P =0.000) ,and the torsional angle at each time point in group C were all less than those of group A (P =
0.001,P =0.008,P =0.014,P =0.017) except at 4,24 and 48 weeks(P =0.057,P =0. 171,P =0.347). A great number of chondro-
cytes and osteoblasts were found at the junction of PMMA [ll and host bone at 2 and 4 weeks after PVP ,while no fibrous tissues were found.
PMMA Il were integrated tightly with the host bones 8 weeks after the surgery,and the cartilage tissues were replaced by the neogenetic oste-
oid. Meanwhile, the neogenetic bone tissues increased significantly and no fibrous tissues were found at the conjunctive area. At 12 and 16
weeks after the surgery, the fibrous tissues appeared and the PMMA [l were integrated more tightly with the host bones. Meanwhile the oste-

oid decreased and the mineralization bony callus increased ,and the woven bone was replaced by the lamellar bone. At 24 and 48 weeks after



HEIEF 2013 55 12 A % 25 %5 12 H

(% 897) 17 -

the surgery,a small number of osteoclasts and bone units appeared and the neogenetic bone tissues were integrated tightly with the PMMA [II

at most of the interfaces. Conclusion; After PVP, the solidified PMMA Il can be osseo-integrated with bone tissues, as a result, it can provide

good short-term and long-term biomechanical property for the fractured vertebrae.

Key words Spinal fractures ; Vertebroplasty ; Biomechanics ; Histology ; Animal experimentation
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