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Successful fusion is more likely with rigid internal fixa-
tion [2] and such posterior internal fixation systems (PIFS) 
undergo important internal constraints resulting in high 
load bearing requirements for the pedicular screw/bone 
interface. Various studies have proven that the screw per-
formance is dependent on the bone quality meaning that 
osteoporotic patients may be predisposed to larger PIFS 
failure rates [3–5]. Screw loosening techniques, cut out 
experiments and pullout test have been performed for 
different bone qualities with a common outcome: good 
dense quality trabecular bone enhances solid fixation 
while osteoporotic bone increases implants failure risks [4, 
6–11].

Augmentation of the pedicle screw with bone cement, 
such as polymethylmethacrylate-(PMMA) or calcium-
based cements, is one technique to enhance fixation if 
required.

In this review, we try to give an overview of the current 
spectrum of pedicle screw augmentation indications and 
technical aspects affecting the results.

Indications

Generally, there are two different conditions in which aug-
mentation of pedicle screws could be beneficial: osteoporo-
sis and revision surgery.

Osteoporosis

Several biomechanical studies assessed the use of PMMA 
cement for screw augmentation in osteoporotic bone. 
In lumbar [12] as well as in the thoracic spine [13], in 
the ilium [14] and the sacrum [15] there is 1.5- to 2-fold 
increase in pullout strength and energy to failure comparing 
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Introduction

Osteoporosis is a common disease in the elderly popula-
tion and is continually rising. In the US the annual cost for 
the management of osteoporosis was estimated at $17 bil-
lion US [1]. For spine surgeons, it is, therefore, becoming 
part of their surgical routine to treat osteoporotic patients 
in need of spinal decompression and instrumented fusion. 
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augmented with not-augmented screws. After cyclic com-
pressive loading, Hoppe et al. found no difference in screw 
migration in normal bone but less displacement after aug-
mentation in osteoporotic bone [16], showing that augmen-
tation is just beneficial if required due to insufficient bone 
stock.

Revision surgery in elderly

Several studies were performed in previously instrumented 
osteoporotic vertebrae, simulating a revision scenario.

In lumbosacral vertebrae, non-pressurized PMMA injec-
tion alone was found to restore secure screw fixation while 
additional cement pressurization doubled the pullout force 
[17]. Several similar studies showed restored (“back to 
baseline”) or even increased axial screw pullout strength 
for previous instrumented thoracolumbar vertebrae by 
PMMA [18] and calcium phosphate [19] augmentation.

Cyclic loading tests comparing PMMA-augmented 8- 
with 6-mm-diameter screws, showed increased initial and 
final stiffness for the larger diameter screws [20] in revision 
scenarios.

Technical aspects

Many studies have examined the biomechanical charac-
teristics of primary, osteoporotic posterior lumbar spinal 
instrumentation. Usually two different tests for biome-
chanical properties of screw fixation are used: axial pullout 
tests or cyclic cephalo-caudal toggle displacement. In axial 
pullout tests, a tensile load is applied to a fixed vertebral 
body to determine the required force to extract the screw 
and the energy to failure. Although this method seems not 
to be the most realistic testing paradigm because resulting 
constraints into the system are not physiologic [21], axial 
testing is commonly used due to its simple set-up and con-
sistent results.

Only few studies use quasi-physiological conditions 
like cyclic toggle displacement. This form of fatigue test-
ing applies bending forces to the screw by displacing it 
cranially and caudally [16]. This potentially better simu-
lates physiologic screw loading and leads to screw loosen-
ing at the tip, which is the common form of failure seen in 
reality [21, 22]. The specimen is usually fixed in a testing 
machine. A cyclic compressive force is then applied to the 
screw heads. Angular displacement can be measured after 
a certain load cycle, or loading is stopped after a certain 
displacement is reached.

There are some technical aspects influencing screw pur-
chase. The main factors are injected cement volume, the 
timing of cementation, the screw type used and the type of 
cement.

Cement volume

There are several studies comparing the effect of different 
cement volumes on axial pullout strength. Recent litera-
ture shows that volumes around 2–3 cc maximize the ini-
tial fixation while a further increase of cement volume does 
not seem to have a positive effect on pullout strength, but 
increases the risk for cement extravasation [18, 23]. Only 
one study [24] compared kypho- and vertebroplasty, using 
higher cement volumes in the kyphoplasty group, show-
ing a significantly higher pullout strength. If that is due to 
the higher cement volume or the technique itself could not 
finally answered.

Timing of cementation

In most studies fixed screw insertion times, immediately 
after PMMA cement injection, were used. Just few stud-
ies [25, 26] compare different cement curing times before 
screw insertion. In general, if PMMA had not totally solidi-
fied before screw placement, no significant differences in 
pullout strength depending on screw insertion times could 
be noted.

However looking at the failure mode, the failure is more 
likely to be at the bone–cement interface in “soft” cement 
and the screw–cement interface for “hard” cement. This 
indicates that there my be a better integration of the screw 
threads and surrounding trabecular bone with the use of 
“soft” PMMA cement.

No changes could be found for calcium phosphate (CP) 
cements [27]; however, these cements usually require 24 h 
to be fully cured. For these cements the effects of small 
variations in initial curing time are probably too small to be 
detected on immediate fixation tests.

Screw type and augmentation technique

Beside minor variations there are basically two differ-
ent augmentation techniques depending on the used screw 
design.

Firstly, cement is injected into the vertebral body using 
a standard vertebroplasty or kyphoplasty technique. After-
wards a solid standard pedicle screw is inserted and the 
cement cures around the screw. The other option is to use 
a fenestrated or cannulated pedicle screw. In this technique 
the cement gets injected through the fenestrations in the 
screw into the vertebral body.

The actual published data are somehow controversial: 
while all studies found a significant improvement compared 
to non-augmented vertebrae, some found a higher initial 
fixation strength and motion reduction in solid screws with 
cement preinjection [7, 28], other studies showed opposi-
tional results [21, 29]. One advantage of cannulated screws 
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seems to be shorter operation times and lower risks of 
cement leakage [30], but larger studies are still missing.

The design of the pedicle screw fenestrations (number 
and position of fenestration) seems to influence fixation 
strength [31], although final conclusions cannot be made so 
far.

Cement materials

Polymethylmethacrylate has been commonly used since the 
1960s due to its good biocompatibility, minimal complica-
tions at long term and relative low costs. But PMMA also 
may have some disadvantages. Its bone remodeling and 
osseointegration capacity are limited because it is bioinert. 
Furthermore as a monomer, cardiovascular complications 
can occur. Based on that, alterative, calcium-based cement 
materials like calcium phosphate (CP), calcium sulfate (CS) 
and calcium triglyceride (CT) have been implemented.

CP converts into hydroxyapatite, and has, due to its 
osteoconductivity and osteoinductivity, a high potential for 
bone remodeling and osseointegration [32, 33].

CS and CT can although be used as a bone substitutes 
but both have some limitations. While CS it is quickly 
resorbed [34], CT expands during polymerization what 
may increase the risk of extravasation [35]. Moreover all 
new cements have a lower viscosity during injection com-
pared to PMMA, which potentially although increases 
the risk of extravasation. The biggest disadvantage is that 
they require 24 h for curing and therefore do not provide 
enhanced fixation at the time of surgery.

While different studies have shown biomechanical ben-
efits for calcium ceramics compared with no augmented 
screws [36, 37], PMMA often performs better in direct 
comparison to ceramic cements for enhancing pullout 
strengths and resistance to failure [19, 35, 38].

Discussion

Many studies have examined the biomechanical characteris-
tics of primary, osteoporotic posterior lumbar spinal instru-
mentation. Primarily or after failure of spinal instrumentation 
in osteoporotic spine, screw augmentation may be one option 
to secure adequate screw purchase in the vertebral body. Nev-
ertheless, the clinical data is spare so far. A “pubmed” search 
using the search terms “pedicle”, “screw” and “augmenta-
tion” reveals actually 220 articles, only 26 of them showing 
clinical results, most of them case reports or case series! El 
Saman et  al. [39] showed a significant reduction of screw 
loosening rates in augmented vs. non-augmented screws (4.3 
vs. 62.8%) with a lower loss of reduction (1.1° vs. 5°) in the 

Fig. 1   Pincer fracture in an 81-year old female with osteoporosis 
treated with percutaneous cement augmented dorsal instrumenta-
tion with vertebroplasty (a). A.-p. view: Jamshidi needles are placed 
in the vertebra above and below the fractured one, which is accessed 
with k-wires only (b). Lateral view: after vertebroplasty of the adja-
cent segments, guide wires are inserted into the preformed canal, two 
vertebroplasty needles are placed into the fractured vertebra (c). Then 
pedicle screws are percutaneously inserted into the augmented ver-
tebra and connected via 2 rods (d). Lateral view after vertebroplasty 
of the fractured vertebra (e). A.-p. and lateral standing radiographs 2 
months postoperatively (f)
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treatment vertebral fractures in the elderly. Similar clinical 
results were reported by Sawakami et  al. in a retrospective 
study, showing a significant decrease in loss of reduction (3° 
vs. 7°), higher fusion rates (94 vs. 77%) and less clear zones 
(29 vs. 71%), as sign for screw loosening, for PMMA-aug-
mented compared to non-augmented screws [40].

In preselected cases a minimal-invasive, percutaneous 
stabilization, in combination with vertebra or kyphoplasty 
is a possible option (Fig.  1). In the treatment of fractures 
in the elderly two different scenarios should be differenti-
ated: osteoporotic vertebral fractures, caused by low energy 
trauma, which usually can be treated by vertebral bode 
augmentation, like vertebroplasty or kyphoplasty, alone. 
On the other hand, vertebral fractures in osteoporotic bone, 
caused by an adequate trauma, often require dorsal aug-
mented instrumentation in combination with vertebro- or 
kyphoyplasty.

Especially in a revision scenario in osteoporotic bone, 
where a long, more segmental instrumentation is needed, 

augmentation of pedicle screws might be beneficial. 
Under cranio-caudal cyclic loading, screw typically cut 
out through the superior endplate. This so called “wind-
shield-wiper effect” can be typically observed in long 
instrumentations in osteoporotic bone. The extent of fixa-
tion, including the level at which the construct ends, is 
critical because increased junctional strain at the termi-
nation of the construct may lead to accelerated deform-
ity. Moreover, transition points, the cervicothoracic and 
thoracolumbar junctions, are predisposed to kyphotic 
collapse, especially in osteoporotic patients. Therefore, 
multiple points of fixation, above and below the transi-
tion zone, should be used. Moreover longer instrumenta-
tions have the benefit of a lower failure rates compared to 
shorter constructs [41]. Additionally, to these biomechani-
cal considerations augmentation is an option to prevent 
screw pullout and implant failure in these constructs long 
constructs, revision scenarios or in osteoporotic bone per 
se (Figs. 2, 3).

Fig. 2   An 80-year-old female with sagittal imbalance. Lateral X-ray 
after posterior stabilization T12-pelvis with pedicle subtraction oste-
otomy L2 and L4, the instrumentation was stopped at the thoracolum-
bar junctional zone (a). Lateral X-ray 2  months postoperatively: 

pullout of T12 pedicle screws (b) Extension of the posterior instru-
mentation to T4, PMMA augmentation pedicle screws in T10 and 
T11 (c)
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Conclusions

Polymethylmethacrylate, along with several calcium 
ceramic materials, are effective materials for enhancing 
pedicle screw fixation in both osteoporosis and revision 
spine surgery. This effect is maintained whether the cement 
is placed first, followed by a solid screw, or the cement 
is injected through a cannulated screw. Regardless of the 
technique, there is a remaining risks of cement extravasa-
tion into the venous system, spinal canal, or disk space. 
Due to the lack of clinical studies valid recommendations 
for the optimal treatment cannot be made so far.
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