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Objectives

 Describe the role of cement augmentation as salvage therapy

 Discuss factors important in patient selection for cement 
augmentation in the context of failed fusion 



Background
 Vertebral cement augmentation as salvage therapy in the context of failed 

instrumentation

 Indications for treatment

 Failed instrumentation (migration, loosened screws, etc.)

 Fractures within construct or at an adjacent level

 Pain palliation

 Patients with a higher peri-operative risk profile



Outline

 Part 1: Review cases of vertebral cement augmentation for 
loosened pedicle screws

 Part 2: Overview of prior reported case

 Part 3: Biomechanical study



Feb 2013 Jan 2015

74F 
• T10-ilium fusion 
• On raloxifene
• Presents with focal 

low thoracic back 
pain



Dec 2014 Jan 2017



 74 year-old female, s/p 
T10-ilium fusion and 
raloxifene therapy, 
presented with focal low 
thoracic back pain.

 Imaging showed PJK at 
T9-10 with collapse of T10

 Underwent cement 
augmentation and 
kyphoplasty of T9 and T10

 Back pain improved 
post-procedure

 Follow up showed stable 
sagittal balance and 
instrumentation

Jan 2015
T10 screws pushing into T9 body

Jan 2017
Case #1









 69 year-old female with hx of 
osteoporosis presented with 
back pain

 Prior surgeries:
 T11-S1 fusion with cement 

augmentation

 L1-2 and L3-4 laminectomies
and foraminotomies

 Imaging showed haloing at 
the right T11 screw and acute 
T10 burst fracture 

 Underwent T10 kyphoplasty 
and cement augmentation of 
the right T11 pedicle 
screw/vertebral body interface

 Pain improved post-
procedure.

 One year follow-up scan 
demonstrated stable 
instrumentation and alignment

Jan 2019

December 2017

Case #2







Part 2
 Xu et al. describe 11 patients who underwent percutaneous vertebral cement 

augmentation in the setting of instrument-associated compression fractures

 Initial treatment was related to metastatic disease

 Average 6 point decrease in VAS (p<0.003)

 Clanfoni et al. presented a series of 30 patients who underwent cement 
augmentation for several reasons

 Screw loosening, cage subsidence, or fracture within or adjacent to segment

 No reported peri-procedural complications

 Avoided revision surgery in 82%

 Global clinical benefit in 87%



Part 2
 Puri et al reported two patients with multiple myeloma and a history of 

posterior spinal instrumented fusion who presented with hardware failure and 
pain. Percutaneous cement augmentation was performed and at follow up 
at 1.5 years there was no new lucency surrounding the screws.

 In a series of 8 patients, and a mean follow-up of 16 months, Yun et al. 
demonstrated salvage percutaneous cement augmentation to stabilize spinal 
instrumentation constructs with loosened screws. Yun et al. noted no further 
screw loosening, new kyphosis, or new fractures in the follow up period. 

 Fu et al. observed a reduction in the visual analog scale (5.9 to 2.5) after a 
mean follow up of 14.3 in 10 patients who underwent salvage cement 
augmentation of spinal hardware failure. 



Part 3: Biomechanics
 Cement augmented screws

 Cement (Polymethylmethacrylate, PMMA)

 Bioinert

 Long history of use

 Exothermic reaction in vivo resulting in hardening

 Volume 

 The reviewed studies indicated that a volume around 2 to 3 cc 
maximized the initial fixation of the screws. 



The biomechanical properties of 
screw fixation

 axial pullout testing

 cephalocaudal toggle displacement



The biomechanical properties of 
screw fixation

 axial pullout testing

 standardized testing method Commonly used for testing all types of 
bone- screw interfaces

 the vertebral body is immobilized, and a tensile load is applied to 
determine the force required to extract the screw and the energy to 
failure. 

 there may be an axial tensile force applied to the top and bottom 
screws of a long construct but this is rarely the mechanism of failure 
observed in clinical practice 

 It is widely used because of its historical use and its consistency. 



The biomechanical properties of 
screw fixation

 cephalocaudal toggle displacement

 a form of fatigue testing that applies bending forces to the screw by 
displacing it cranially and caudally 

 delayed screw fixation after loading. 

 the specimen is mounted in a testing machine

 A cyclic compressive force is applied to the screw head, 

 rotation of the screw is permitted in the direction orthogonal to the axis of the 
screw

 A calculation of angular displacement can be made after a certain load cycle, or 
loading is stopped after a certain displacement is reached.

 more physiologically relevant 

 better simulates physiologic screw loading and leads to screw loosening 
at the tip, which is the common form of failure seen in clinical practice 



Areas of failure

 Bone-screw interface

 Bone-cement interface

 Screw-cement interface



DEXA

Lumbar vertebrae: Bone mineral 
density ranged from 0.668 g/cm2 to 
0.74 g/cm2 

Thoracic vertebrae: Bone mineral 
density ranged from 0.539 g/cm2 to 
0.573 g/cm2



Methods 
 Pedicle screws were placed bilaterally under 

fluoroscopic guidance at 5 thoracolumbar 
levels

 Total of 10 screws.

 The screws were then loosened systematically 
using cranio-caudal toggling. 

 At each level, one screw, either left or right, 
was randomized to receive cement 
augmentation. 



Methods 
 Using a juxtapedicular trajectory 

and fluoroscopic guidance, two 
cubic centimeters of polymethyl
methacrylate (PMMA) was 
injected around the loosened 
pedicle screws. 

 Computer tomography (CT) scan 
of the specimen was obtained. 



Vertebroplasty vs Kyphoplasty

 In vertebroplasty, the cement is injected under pressure into the 
vertebral body

 In kyphoplasty, a balloon is used to dilate a cavity in the cancellous 
portion of the vertebral body 



Axial pull-out strength was 
measured using a Bose 
ElectroForce 3200 testing 
machine. 



 A 45% increase in pull-out 
strength was observed in the 
loosened pedicle screws that 
had subsequently received 
cement augmentation 
compared to the loosened 
pedicle screws that had not 
received cement 
augmentation (121 N vs 84 N, p 
< 0.045)



Conclusions

 Consideration of factors (biomechanical, global alignment, 
osteoporosis, etc.) leading to failure of fusion is essential in correct 
patient selection for percutaneous cement augmentation

 In patients who have elevated surgical risk and osteoporotic bone, 
cement augmentation of loosened screws may serve as an 
alternative to revision surgery. 



Cadaveric bone
 Fixation of human tissue using ethanol and glycerol is a technique 

designed only to conserve tissue and does not influence the 
morphology and macroscopic anatomy of the bone, the impact on 
cement distribution should be marginal. This was also proved by the 
post-operational CT scans which showed similar cement distributions 
to those in the patients. The present results are in agreement with 
the results of other laboratory studies, so the present bone model 
may be comparable with fresh frozen bone in mechanical 
behaviour.



Adverse risks

 One remaining concern of cemented screws is the risk for cement 
leakage into the spinal canal which is likely to occur with larger 
amounts of cement, especially in osteoporotic bone.

 Using high-viscosity cement as in the present study can possibly help 
to decrease cement leakage


