Chapter 4
Effect of Cement Augmentation

It is difficult to stabilize the spine of patients with poor bone quality by normal
pedicle screws. To increase the holding strength of screw, different designs and
solutions had been found such as expandable and cannulated pedicle screws.
Cement augmentation through the cannulated screws increase the pullout strength
significantly [17]. In this section, the studies which are concentrated on curing
effect of cement, cement types, amount, and application techniques were reviewed.

4.1 Cement Types

Several materials are being used as different cement types [22]. PMMA had been
shown as gold standard. On the other hand the bioresorbable materials like cal-
cium phosphate, calcium sulfate also increase the pullout strength significantly
when compared to normal pedicle screws without augmentation.

4.1.1 PMMA Augmentation

As mentioned before PMMA had been shown as gold standard of cement material
for augmentation. PMMA increases significantly the pullout strength more than
any other cement materials [4, 6, 7, 8, 9, 10, 13, 16, 23, 24, 26, 27, 29, 33, 35, 36,
39, 40].

For instance, PMMA was used for cement augmentation in Cook et al.’s [14]
study. Non cemented expandable pedicle screw was compared with the cemented
EPS on fresh human vertebrae from thoracolumbar spine. Bone mineral densities
(BMD) of vertebrae were measured before testing and divided into two groups as
osteoporotic and severely osteoporotic. As a result, the mean pullout strength of
cemented EPS was two and half times higher than non-cemented EPS for severely
osteoporotic bones.
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Moreover, effectiveness of PMMA augmentation in long term was in vivo
investigated in Sawakami et al.’s [32] study. Mean follow up period was chosen
as 31 months. PMMA augmented screws compared with non-cemented screws.
PMMA augmentation increased the incidence of clear zones and fusion rate, as
well as decreased the correction loss and back pain of patient.

4.1.2 Calcium Based Cement Augmentation

Although PMMA augmentation has been shown as the gold standard, there are
disadvantages like the danger of osteonecrosis because of its exothermic reaction
as a synthetic material. Calcium based materials for cement augmentation could
be an alternative to PMMA as being osteo-conductive and bioresorbable [12, 15,
19, 37]. Some researches had proved that there was no interface between calcium
based cement material and bone tissues after 12 weeks [14]. Calcium phosphate,
calcium sulfate and the mixture of them are mostly used as calcium based cement
types [3, 12, 29, 30].

For instance, Choma et al. [12] tested CP, calcium sulfate (CS) and mixture
of CP and CS augmented pedicle screws’ pullout properties and compared with
non-augmented group. All types of augmented pedicle screws pullout strengths’
were higher than control (non-augmented) group. CP showed the highest pullout
strength between all augmented groups. CS followed CP and the mixture of them
showed the lowest pullout strength.

In Rohmiller et al.’s [30] study axial pullout tests were performed for non-
cemented, cemented with PMMA and cemented with CS pedicle screws on lum-
bar cadaveric vertebrae. The pullout strength of the pedicle screws cemented with
either calcium sulfate paste or PMMA were significantly higher than the non-
cemented screws. As calcium sulfate showed similar fixation strength to PMMA, it
could be a useful alternative in spinal surgery.

In the same manner, Yi et al. [39] investigated the advantages of calcium sul-
fate augmentation. Pedicle screws were divided into 3 groups: non augmented,
PMMA augmented, CS augmented. Axial pull out and histological tests were done
after; 24 h, 6 or 12 weeks. There was no significant difference between 24 h, 6
and 12 weeks on pullout strength for all test groups. Maximum pullout strength
was significantly higher for PMMA than CS augmented screws and CS augmented
PS than control group. However, CS was completely resorbed after 12 weeks.
Resorption of CS also had histologically shown by the thicker bone walls around
the screws. As an important result, CS increased the pullout strength over non
augmented screws and maintained that effect even after 12 weeks when CS was
totally resorbed.

Moreover, Taniwaki et al. [34] investigated the post-operative period of CP
augmented and non-augmented groups to show the bioresorbable effect of calcium
phosphate augmentation. Post-operative period was specified as 1, 2 and 4 weeks.
The vertebrae of living animals that are used in study were osteoporotic. The
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pedicle screws with augmentation with more period of post operation achieved
more pullout strength, which points out the advantages of bioresorbable cement
materials.

On the other hand, granular types of calcium based cement augmentation are
also used as cement augmentation [20]. The viscosity of the granular cement
is higher than normal cement so that the danger of leakage is less than normal
cement augmentation. For instance, Hashemi et al. [20] studied granular calcium
phosphate as bone augmentation material. Augmented with granular CP pedicle
screws and non-augmented pedicle screws were tested for pullout values on
polyurethane foams. To demonstrate the osteoporotic and normal incidents, two
different densities of blocks were used. The PSs were firstly pulled out and then
secondly inserted with cement augmentation to test the effect of cement aug-
mentation for failed screws by pullout. Finally the results showed that the gran-
ular CP increases the pullout strength for both failed screws and osteoporotic
bones. However for normal bones CP decreased the pullout strength in the short
term.

4.1.3 Hydroxyapatite and Cyanoacrylate Augmentation

The effect of hydroxyapatite (HA) augmentation was investigated for patients
with osteoporosis in Jang et al.’s [21] study. Radiologic parameters (segmental lor-
dosis, disc height, screw angle, L4 screw angle, and L5 screw angle) were com-
pared between post-operative periods 1 day and 3 months follow up and 1 day
and 2 months follow up. To induce the effect of leakage to the spinal canal aug-
mentation to only the distal end of the screw was used for augmentation with a
special method. There was no significant changes in radiologic parameters for HA
augmented group. On the other hand, there were significant changes in several
radiologic parameters for non-augmented group. As the results of this study, HA
augmentation could be viable option to decrease the risk of angular displacement
of screws and augmentation only at the distal end of the pedicle screw could be a
sufficient method without damaging the spinal canal.

In another previous study written by Zhu et al. [41], a novel bioactive bone
cement including particles of strontium and hydroxyapatite (Sr-HA) and PMMA
were compared for the pullout strength of pedicle screws on osteoporotic human
cadaveric vertebrae. Increment of PMMA augmented screws pullout strength was
slightly significant. However Sr-HA covered more surface of the pedicle screw
than PMMA. So, Sr-HA could be a better option by allowing new bone formation
and better osteo-integration in long term.

Finally, Milcan et al. [26] compared the pullout strength of pedicle screws of
Butyl-2-cyanoacrylate and PMMA augmentations. Although Butyl-2-cyanoacrylate
is a bioresorbable material, there was no statistically difference between non-aug-
mented and cyanoacrylate augmented group. PMMA augmented pedicle screws
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showed significantly higher pullout strength compared to the native bone or
cyanoacrylate augmented group as mentioned before.

4.2 Effect of Cement Amount

As many researches had already proved, cement augmentation increases the
pullout strength. The idea first comes to the mind is that increasing the amount
of cement will provide higher pullout strength. However, the higher amount of
cement, the higher the risk of cement leakage through spinal canal [38].

For instance, to investigate the proper amount of cement, osteoporotic human
thoracic and lumbar vertebrae were subjected to pullout force and extraction
torque by Paré et al. [27]. The amounts used for thoracic spine were 0.5, 1, 1.5 cc
and for lumbar spine were 1.5, 2, 2.5 cc. PMMA augmentation increased pull-
out force for both thoracic and lumbar spine than standard pedicle screw with-
out augmentation. The highest pullout force achieved for thoracic spine was with
1 cc cement and for lumbar spine with 1.5 cc. Thereby, the idea of higher pullout
strength provided by higher cement amount was refuted.

Similar results were obtained by Frankel et al. [18]. They investigated the ver-
tebroplasty augmentation in two different volumes a low-cement group (<2.8 ml/
pedicle) and a high-cement group (>5.5 ml/pedicle) through a novel fenestrated
bone tap which prevents the back flow the cement on human cadaveric specimens.
PMMA augmented and non-augmented groups were than subjected to axial pull-
out tests. However there was no significant difference on pullout strength between
those two different volumes.

On the other hand, limiting the cement amount with screw design is another
option, which was studied [24]. A new designed screw which allows to partial
augmentation was compared with full augmentation. Mechanical properties were
measured for both groups and control group (non-augmented). Partial and full
augmentation with PMMA significantly increased the pullout strength than non-
cemented pedicle screws, so partial augmentation could be used to decrease the
leakage risk and allow more interface between bone and screw by providing rea-
sonable pullout strength.

4.3 Effect of Curing

Curing of cement is crucial for all types of polymer based mixtures which needs time.
Curing time must be known by the surgeons to manage the timelines of surgery.

Cho et al. [11] investigated the effect of curing by inserting the pedicle screws
into cadaveric bones after 2, 4 and 6 min from cement (CP) injection. Also pri-
mary and secondary pullouts were done to demonstrate the revision surgery.
Primary pullout was first done, then for calculating the effect of curing, cement
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was injected for secondary pullouts. Secondary pullout strength was signifi-
cantly higher than primary pullout strength which showed the effect of using CP.
Pullout strength due to the timing of augmentation increased from O to 4 min and
decreased after 6 min. However there was no significant difference between fixa-
tion strengths of pedicle screws caused by curing time.

Furthermore, Linhardt et al. [23] tested soft cement, cured cement and con-
trol groups on human cadaveric specimens to see the effect of curing in kyphop-
lasty augmentation. Despite the soft cemented group achieved the highest
pullout strength, the difference between soft and cured cemented group was not
significant. Non cemented group’s pullout strength was significantly lower than
cemented group. As a result, cured cement was also a sufficient method when
kyphoplasty augmentation is chosen.

Masaki et al. [25] also investigated the timing of the cement by augmenting the
cement after 2, 5 or 10 min. Cement augmented group and control group (non-
augmented) were pulled out from human cadaveric vertebrae. CP cement aug-
mented screws showed 77 % higher than non-augmented group. Although pullout
strength was the highest for pedicle screws pulled out after 5 min, the difference
between time groups were not significant. Nevertheless, it is important to make
adjustments on PS with augmentation before the cement hardens.

Finally, Ying et al. [40] investigated how to change PMMA augmented pedicle
screws depths after 24 h of cement augmentation. The groups upon their depths
were unchanged, 3 threads in and 3 threads out. Mean pullout for augmented
pedicle screws showed significantly higher than non-augmented pedicle screws.
Pullout strength of unchanged PS was significantly higher than screws inserted
3 threads out and screws inserted 3 threads in. As a result it could be seen that
adjustment of the pedicle screw following 24 h after cement augmentation signifi-
cantly decreased the pullout strength.

It can be concluded that curing time do not affect pullout strength significantly,
but it is important for the surgeons to make adjustments before cement hardens.

4.4 Cement Application Techniques

Cement can be injected before screw insertion to the pedicle for non-cannulated
screw applications. Additionally, cement can also be injected through the cannula
for cannulated screws after the screw insertion [23].

For instance, Chao et al. [7] tested those different types of cement application
techniques to compare the pullout strengths of these applications. Cannulated
screws with cement augmentation divided into two groups as cement filled before
screw insertion and cement injected after screw insertion. There was also a non-
cemented control group. Pullout strengths of pre-filled and injected after screw
insertion groups did not differ statistically from each other, although both of
them were significantly higher than control group. However, pre-filled cannulated
screws showed lower extraction torque and higher pullout strength than screws
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with cement injected after insertion, which is useful information for revision
surgeries.

Along similar lines, Chen et al. [9] compared solid screws with prefilled
cement and cannulated screws with PMMA injection during perforation on polyu-
rethane blocks demonstrating the severe osteoporosis. However, to see the effect
of cement application techniques in different screws, conical and cylindrical cored
screws were used in tests. Cement prefilling increased significantly the initial fixa-
tion strength than injection during perforation for both conical and cylindrical
cored screws.

Moreover, Chang et al. [6] made an in vivo research on cannulated pedicle
screws with PMMA augmentation on human vertebrae. Visual Analog Scale
(VAS) pain scale, ODI and screw migration were recorded for the patients oper-
ated with cannulated screws and the results were compared with those reported
with the needle injection method mentioned with details in another Chang et al.’s
[5] study. These two different techniques were also tested on synthetic bones for
their pullout strengths, insertional and back out torques. Clinical results of both
techniques were sufficient enough and the difference was not significant. Pullout
strength and back out torque for needle injection technique was significantly
higher. However as an important result, the cannulated pedicle screw augmented
with PMMA decreased the operation time and cement leakage probability.

On the other hand, Renner et al. [29] investigated how the cement distribution
affects the pullout strength as an application method. The same amount of cement
(PMMA or CP) injected either to the distal part or entire length of the pedi-
cle screw. CP and PMMA augmented screws’ pullout values were significantly
higher than initial pedicle screws’. CP augmented to the entire length of the screw
achieved higher pullout value than only distal end augmented screws, this result
can be explained by more interface between cement and the screw for the entire
length injected screws. However, the risk of cement perforation through spinal
canal must be taken into account for entire length injections.

Osteoporotic vertebral fractures become problematic especially if the spine of
patient must be fused with pedicle screws. In those situations, kyphoplasty aug-
mentation is generally used which aims regaining the height of vertebral body,
correcting the kyphotic distortion, and forming a gap into which bone cement can
be injected with the help of specially designed inflatable or expandable cannulas
[4, 28].

For instance, Derincek et al. [16] compared kyphoplasty and transpedicular
PMMA augmentation for revision of the failed pedicle screws on osteoporotic calf
vertebrae. Pullout strength of kyphoplasty augmentation group was significantly
higher than the transpedicular augmentation group. Thereby, kyphoplasty could be
an effective method for the revision of failed pedicle screws for the patients with
0Steoporosis.

In a same manner, Burval et al. [4] compared transpedicular and kyphoplasty
augmentation (PMMA) techniques on pedicle screws on osteoporotic human ver-
tebrae. Pullout tests were conducted either before or after cyclic loading. Both
techniques showed higher pullout strength than non-augmented pedicle screws on
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osteoporotic vertebrae. Augmentation with kyphoplasty technique showed signifi-
cantly higher pullout strength than transpedicular technique. Also PS with kyphop-
lasty augmentation showed higher pullout strength than PS inserted into normal
bones without augmentation.

Differently, Benson et al. [2] investigated three different cement augmentation
techniques (kyphoplasty, kyphoplasty through a fenestrated tap and direct injection)
on human cadaveric vertebrae by using the advantage of kyphoplasty and the novel
tap which reduces the cement leakage risk. The vertebrae, inserted with screws
were then subjected to cyclic loading and after that total vertical displacement of
screw’s head was measured. The pedicle screws tapped with novel fenestrated tap
for augmentation was less durable to cyclic loading than the screws augmented
with other two techniques. However, decreasing the cement leakage risk through
nerves is really beneficial. As a result, Kyphoplasty augmentation using the novel
tap with more viscous cement could be an option as being safe and efficient.

Vertebroplasty is another augmentation technique used in vertebral compres-
sion fractures due to the vanishing bone mineral density and also to stabilize the
spine with pedicle screws on those patients [28].

For example, Becker et al. [1] tested cannulated and standard PS augmented
with three different cement augmentation techniques. Osteoporotic human verte-
brae were inserted with PS and cement material was PMMA. Cannulated PS and
standard PS both with vertebroplasty augmentation showed significantly higher
pullout strength than control (non-augmented) group. On the other hand, leakage
was observed in some cases with CPS insertion. Kyphoplasty augmentation tech-
nique was not significantly higher than control group. Additionally, there was no
significant difference between these three different augmentation techniques.

Finally, Sarzier et al. [31] tested vertebroplasty augmentation with PMMA on
human cadaveric vertebrae. The vertebrae divided into three groups according to
Jekei scale. Vertebroplasty augmentation with PMMA significantly increased the
pullout strength than non-augmented group.

References

1. Becker S, Chavanne A, Spitaler R, Kropik K, Aigner N, Ogon M, Redl H (2008) Assessment
of different screw augmentation techniques and screw designs in osteoporotic spines. Eur
Spine J 17:1462-1469

2. Benson CD, Lansford T, Cotton J, Burton D, Jackson RS, McIff T (2014) Biomechanical
analysis of cement augmentation techniques on pedicle screw fixation in osteopenic bone: a
cadaveric study. Spine Deformity 2:28-33

3. Bostan B, Esenkaya I, Gunes T, Erdem M, Asci M, Kelestemur MH, Sen C (2009) A bio-
mechanical comparison of polymethylmethacrylate-reinforced and expansive pedicle
screws in pedicle-screw revisions. Acta Orthop Traumatol Turc 43(3):272-276

4. Burval DJ, McLain RF, Milks R, Inceoglu S (2007) Primary pedicle screw augmentation in
osteoporotic lumbar vertebrae: biomechanical analysis of pedicle fixation strength. Spine
(Phila Pa 1976) 32(10):1077-1083

5. Chang MC, Liu CL, Chen TH (2008) Polymethylmethacrylate augmentation of pedicle screw for
osteoporotic spinal surgery: a novel technique. Spine (phila pa 1976) 33(10):E317-E324



40

6

10.

11.

15.

16.

20.

21.

22.

23.

4 Effect of Cement Augmentation

. Chang MC, Kao HC, Ying SH, Liu CL (2013) Polymethylmethacrylate augmentation of
cannulated pedicle screws for fixation in osteoporotic spines and comparison of its clinical
results and biomechanical characteristics with the needle injection method. J Spinal Disord
Tech 26(6):305-315

. Chao KH, Lai YS, Chen WC, Chang CM, McClean CJ, Fan CY, Chang CH, Lin LC, Cheng
CK (2013) Biomechanical analyses of different types of pedicle screw augmentation: a
cadaveric and synthetic bone sample study of instrumented vertebral specimens. Med Eng
Phys 35(10):1506-1512

. Chen LH, Tai CL, Lai PL, Lee DM, Tsai TT, Fu TS, Niu CC, Chen WJ (2009) Pullout
strength for cannulated pedicle screws with bone cement augmentation in severely osteo-
porotic bone: influences of radial hole and pilot hole tapping. Clin Biomech 24:613-618

.Chen LH, Tai CL, Lee DM, Lai PL, Lee YC, Niu CC, Chen WIJ (2011)

Pullout strength of pedicle screws with cement augmentation in severe osteoporosis: a

comparative study between cannulated screws with cement injection and solid screws with

cement pre-filling. BMC Musculoskelet Disord 12:33

Cho W, Wu C, Zheng X, Erkan S, Suratwala SJ, Mehbod AA, Transfeldt EE (2011) Is it

safe to back out pedicle screws after augmentation with polymethyl methacrylate or calcium

phosphate cement? A biomechanical study. J Spinal Disord Tech 24(4):276-279

Cho W, Wu C, Erkan S, Kang MM, Mehbod AA, Transfeldt EE (2011) The effect on

the pullout strength by the timing of pedicle screw insertion after calcium phosphate cement

injection. J Spinal Disord Tech 24(2):116-120

. Choma TJ, Frevert WF, Carson WL, Waters NP, Pfeiffer FM (2011) Biomechanical analysis
of pedicle screws in osteoporotic bone with bioactive cement augmentation using simulated
in vivo multicomponent loading. Spine (Phila Pa 1976) 36(6):454-462

. Choma T1J, Pfeiffer FM, Swope RW, Hirner JP (2012) Pedicle screw design and cement aug-
mentation in osteoporotic vertebrae: effects of fenestrations and cement viscosity on fixation
and extraction. Spine (Phila Pa 1976) 37(26):E1628-E1632

. Cook SD, Salkeld SL, Stanley T, Faciane A, Miller SD (2004) Biomechanical study of

pedicle screw fixation in severely osteoporotic bone. Spine J 2:402—408

Derincek A, Wu C, Mehbod A, Transfeldt EE (2006) Biomechanical comparison of anatomic

trajectory pedicle screw versus injectable calcium sulfate graft-augmented pedicle screw for

salvage in cadaveric thoracic bone. J Spinal Disord Tech 19(4):286-291

Deringek A, Tiirker M, Cinar M, Cetik O, Kalaycioglu B (2012) Revision of the

failed pedicle screw in osteoporotic lumbar spine: biomechanical comparison of kyphop-

lasty versus transpedicular polymethylmethacrylate augmentation. Eklem Hastalik Cerrahisi
23(2):106-110

. Evans SL, Hunt CM, Ahuja S (2002) Bone cement or bone substitute augmentation of
pedicle screws improves pullout strength in posterior spinal fixation. J Mater Sci Mater Med
13:1143-1145

. Frankel BM, D’Agostino S, Wang C (2007) A biomechanical cadaveric analysis of polym-
ethylmethacrylate-augmented pedicle screw fixation. J Neurosurg Spine 7(1):47-53

. Gao M, Lei W, Wu Z, Liu D, Shi L (2011) Biomechanical evaluation of fixation strength of

conventional and expansive pedicle screws with or without calcium based cement augmenta-

tion. Clin Biomech 26:238-244

Hashemi A, Bednar D, Ziada S (2009) Pullout strength of pedicle screws augmented with

particulate calcium phosphate: an experimental study. Spine J 9:404-410

Jang SH, Lee JH, Cho JY, Lee HY, Lee SH (2013) The efficacy of hydroxyapatite

for screw augmentation in osteoporotic patients. Neurol Med Chir (Tokyo) 53(12):875-881

Lieberman IH, Togawa D, Kayanja MM (2005) Vertebroplasty and kyphoplasty: filler materials.

Spine J 5:305S-316S

Linhardt O, Liiring C, Matussek J, Hamberger C, Plitz W, Grifka J (2006) Stability

of pedicle screws after kyphoplasty augmentation: an experimental study to compare

transpedicular screw fixation in soft and cured kyphoplasty cement. J Spinal Disord Tech
19(2):87-91



References 41

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Liu D, Wu ZX, Gao MX, Wan SY, Shi L, Fu SC, Wang J, Lei W (2011) A new method of
partial screw augmentation in sheep vertebrae in vitro: biomechanical and interfacial evalua-
tion. J Spinal Disord Tech 24(5):318-324

Masaki T, Sasao Y, Miura T, Torii Y, Kojima A, Aoki H, Beppu M (2009) An experimental
study on initial fixation strength in transpedicular screwing augmented with calcium phos-
phate cement. Spine (phila pa 1976) Sep 15; 34(20):E724-E728

Milcan A, Ayan I, Zeren A, Sinmazcelik T, Yilmaz A, Zeren M, Kuyurtar F (2005) Evaluation
of cyanoacrylate augmentation of transpedicular screw pullout strength. J Spinal Disord Tech
18(6):511-514

Paré PE, Chappuis JL, Rampersaud R, Agarwala AO, Perra JH, Erkan S, Wu C (2011)
Biomechanical evaluation of a novel fenestrated pedicle screw augmented with bone cement
in osteoporotic spines. Spine (Phila Pa 1976) 6(18):E1210-E1214

Peh WCG, Munk PL, Rashid F, Gilula LA (2008) Percutaneous vertebral augmentation: ver-
tebroplasty, kyphoplasty and skyphoplasty. Radiol Clin North Am 46(3):611-635

Renner SM, Lim TH, Kim WJ, Katolik L, An HS, Andersson GB (2004) Augmentation
of pedicle screw fixation strength using an injectable calcium phosphate cement as a function
of injection timing and method. Spine (Phila Pa 1976) 29(11):E212-E216

Rohmiller MT, Schwalm D, Glattes RC, Elalayli TG, Spengler DM (2002) Evaluation of
calcium sulfate paste for augmentation of lumbar pedicle screw pullout strength. Spine J
2:255-260

Sarzier JS, Evans AJ, Cahill DW (2002) Increased pedicle screw pullout strength with verte-
broplasty augmentation in osteoporotic spines. J Neurosurg 96(3 Suppl):309-312

Sawakami K, Yamazaki A, Ishikawa S, Ito T, Watanabe K, Endo N (2012)
Polymethylmethacrylate augmentation of pedicle screws increases the initial fixation in
osteoporotic spine patients. J Spinal Disord Tech 25(2):E28-E35

Takigawa T, Tanaka M, Konishi H, Ikuma H, Misawa H, Sugimoto Y, Nakanishi K,
Kuramoto K, Nishida K, Ozaki T (2007) Comparative biomechanical analyses of an
improved novel pedicle screw with sheath and bone cement. J Spinal Disord Tech
20(6):462-467

Taniwaki Y, Takemasa R, Tani T, Mizobuchi H, Yamamoto H (2003) Enhancement of pedicle
screw stability using calcium phosphate cement in osteoporotic vertebrae: in vivo biome-
chanical study. J Orthop Sci 8(3):408—414

Wittenberg RH, Lee KS, Shea M, White AA 111, Hayes WC (1993) Effect of screw diameter,
insertion technique, and bone cement augmentation of pedicular screw fixation strength. Clin
Orthop Relat Res 296:278-287

Wu Z, Gao M, Sang H, Ma Z, Cui G, Zhang Y, Lei W (2012) Surgical treatment of osteo-
porotic thoracolumbar compressive fractures with open vertebral cement augmentation
of expandable pedicle screw fixation: a biomechanical study and a 2 year follow-up of 20
patients. J Surg Res 173:91-98

Wauisman PIJM, Dijk MV, Staal H, Royen BJV (2000) Augmentation of pedicle screws with
calcium apatite cement in patients with severe progressive osteoporotic spinal deformities: an
innovative technique. Euro Spine J 9:528-533

Yan YB, Teo EC, Qiu TX, Wu ZX, Qi W, Liu D, Lei W (2013) Finite element study on the
amount of injection cement during the pedicle screw augmentation. J Spinal Disord Tech
26(1):29-36

Yi W, Wang Y, Lu H, Li C, Zhu T (2008) Augmentation of pedicle screw fixation
strength using injectable calcium sulfate cement: an in vivo study. Spine (Phila Pa 1976)
33(23):2503-2509

Ying SH, Kao HC, Chang MC, Yu WK, Wang ST, Liu CL (2012) Fixation strength of
PMMA-augmented pedicle screws after depth adjustment in a synthetic bone model of osteo-
porosis. Orthopedics 35(10):e1511-e1516

Zhu Q, Kingwell S, Li Z, Pan H, Lu WW, Oxland TR (2012) Enhancing pedicle screw fixa-
tion in the aging spine with a novel bioactive bone cement: an in vitro biomechanical study.
Spine (Phila Pa 1976). 37(17):E1030-E1037



	4 Effect of Cement Augmentation
	4.1 Cement Types
	4.1.1 PMMA Augmentation
	4.1.2 Calcium Based Cement Augmentation
	4.1.3 Hydroxyapatite and Cyanoacrylate Augmentation

	4.2 Effect of Cement Amount
	4.3 Effect of Curing
	4.4 Cement Application Techniques
	References


