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Biomechanical Effect of Kyphoplasty-Assisted PMMA Augmentation
on Sacral Screw Fixation Strength

ZHUANG Xin-ming, YU Bin-sheng®, ZHENG Zhao-min, LI Ze-min, WANG Tai-ping
(Department of Spinal Surgery and Orthopaedics Research Center, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou 510700, China)

Abstract: [ Objective] To evaluate the biomechanical effect of kyphoplasty-assisted polymethylmethacrylate (PMMA )
augmented technique on the sacral screw fixation strength in osteoporotic condition, and provide evidences for choosing rigid
salvage techniques for sacral screw revision. [Method] Eleven fresh osteoporotic cadaveric sacra were used in this study and bone
mineral density (BMD) of each specimen was measured by dual-energy radiograph absorptiometry (DEXA). Sacral screws with and
without PMMA augmentation were sequentially established on the same sacrum as follows, Group A: unicortical pedicle screw;
Group B: bicortical pedicle screw; Group C: pedicle screw with traditional PMMA augmented technique; Group D: pedicle screw
with kyphoplasty-assisted PMMA augmentation; Group E: ala screw with kyphoplasty-assisted PMMA augmentation. Axial pull-out
resistance of the five screws was sequentially tested on a MTS material testing machine, and the maximum bear pull-out strengths
were measured for comparison. [Results] The average BMD of 11 specimens was 0.71 + 0.08 g/cm® Group A (508 N) exhibited
significantly less pull-out strength compared with all the other groups (P < 0.05). No statistical difference on pull-out strength was
detected between Group B (685 N) and E (702 N) (P > 0.05); however, the two techniques exhibited markedly lower pull-out
strength than Group C and D (P < 0.05). Importantly, the pull-out strength in Group D (986 N) was obviously higher than that in
Group C (846 N). [Conclusions] For sacral screw fixation of osteoporotic patient, bicortical sacral pedicle screw could acquire

significant mechanical advantage over unicortical. Once the loosening of pedicle screw occurs, the traditional and kyphoplasty-
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assisted PMMA augmentations may serve as a suitable salvage technique. Moreover, the sacral pedicle screw with kyphoplasty-

assisted PMMA augmented technique may obtain the most rigid anchoring strength.
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Fig.1 Schematic diagram of the three PMMA

augmented sacral screws

I : Pedicle screw with kyphoplasty-assisted PMMA augmentation ;
Il . Pedicle screw with the traditional PMMA augmentation; [l ; Ala

screw with kyphoplasty-assisted PMMA augmentation
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Fig.2 The radiographs of the five sacral screw fixations

I . Unicortical and bicorical pedicle screws; Il : Pedicle screw with the traditional PMMA augmentation; lll ;. Pedilcle and ala screws with

kyphoplasty-assisted PMMA augmentation.
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Fig.3 The photographs of the three PMMA augmented

sacral screws after pullout

[ . Pedicle screw with traditional PMMA augmentation ;
Il . Pedicle screw with kyphoplasty-assisted PMMA augmentation ;
IIT. Ala screw with kyphoplasty-assisted PMMA augmentation
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Tab.1 Comparison among the axial maximum bear pullout strength of the five sacral screws (x+s)
Groups Sample size Maximum pullout strength/N
Group A (Unicortical sacral pedicle screw) 11 508 + 128
Group B (Bicortical sacral pedicle screw) 11 685 + 126V
Group C (pedicle screw with traditional PMMA augmented technique ) 11 846 = 230"?
Group D (pedicle screw with kyphoplastyassisted PMMA augmentation ) 11 986 + 211"
Group E (ala screw with kyphoplastyassisted PMMA augmentation ) 11 702 + 114¥

1) Compared with Group A, P < 0.05; 2) Compared with Group B and E, P < 0.05; 3) Compared with all the other groups, P < 0.05.
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