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Videos

Video 21.1	� Lateral thoracic fluoroscopic video of the thoracic spine showing a needle entering the posterior vertebral body 
of T9 and previous vertebral augmentation with PMMA at the T10 and T11 levels. The VCF at T9 is mobile and the 
superior end plate can be seen to move superoinferiorly with respiration. 

Video 21.2	� Lateral thoracic fluoroscopic video of the thoracic spine taken after vertebral augmentation with PMMA at the T9 
level shows two cannulas and bone fillers within the T9 vertebral body that is now stable. No movement of the 
superior end plate is seen with respiration. 
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Preface

Vertebral augmentation has been one of my favorite spine 
treatments since I performed my first case in 1994 and 
saw the incredibly good and immediate results. This was 
done under the aegis of Dr. John Mathis, who published 
the last comprehensive work on vertebral augmentation 
in 2006.  Fourteen years later, we have seen significant 
advancements in techniques, literature, and augmenta-
tion devices and all of these topics have been covered in 
this book.

What we know now about the treatment of vertebral 
compression fractures (VCFs) that we didn’t know a dec-
ade ago is that treating these fractures with augmentation 
is demonstrably life-saving and life-prolonging and is one 
of the very few things we do in medicine that attains this 
benchmark.  To break it down to a personal level for those 
practitioners performing vertebral augmentation, the 
number of patients needed to treat (statistically called the 
NNT) to save 1 life at 1 year is only 15 patients and, on the 
average, additional life expectancy of each treated patient 
will be between 2 and 7 years.

In my own practice centered on the treatment of pain-
ful spine conditions, vertebral augmentation produces 
the best results of anything we do with an average pain 
score that decreased from 9/10 to 1.4/10 in our patients 
at the first post-treatment visit in the largest post-mar-
ket trial done to date.  The transition of technologies from 

vertebroplasty to intravertebral implants has given new 
dimensions and made significant improvements in pain as 
well as greater anatomic restoration and fewer subsequent 
fractures.

This book is designed to be a comprehensive guide and 
has certainly accomplished that by discussing all aspects 
of vertebral augmentation including the history, tech-
niques, approaches, troubleshooting, implant augmen-
tation, pre-procedure and post-procedure assessments, 
osteoporosis treatment, fill material, and augmentation 
outside of the spine. One of the chapters is written by the 
global masters of vertebral augmentation that includes 
personal tips, tricks, and pearls they use in their own 
practices.  We have also included conditions and concepts 
that were never before described in the medical litera-
ture. It has been a pleasure and a privilege to be involved 
in the writing of this book. I would like to thank all the 
associate editors, contributors, and all others who have 
made this work possible. From an amazing beginning of 
a transoral injection of bone cement into a painful benign 
tumor affecting the C2 vertebral body to today’s incredible 
advancements, vertebral augmentation just keeps getting 
better and better.

Douglas P. Beall, MD
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1

1  History and Introduction to Vertebral Augmentation
M.R. Chambers

Fig. 1.1  Lateral view on a conventional radiograph demonstrates a 
vertebral compression fracture (black arrow).

Summary
Vertebral augmentation is a category of minimally invasive 
procedures that have become central in the treatment of 
pathologic and painful vertebral compression fractures (VCFs) 
due to osteoporosis, trauma, and neoplasia. Osteoporotic VCFs 
are the most common indication for vertebral augmentation, 
which has also been used to treat fractures in patients with 
benign tumors such as hemangiomas or Langerhans cell ver-
tebral histiocytosis (LCVH) and in genetic disorders that give 
rise to weak vertebrae such as osteogenesis imperfecta. In 
theory, near immediate anterior column stability and pain 
relief follows an intravertebral injection of bone cement that 
stabilizes the osseous fractures and eliminates osseous and 
periosteal movements, while thermal polymerization of the 
cement ablates pain receptors in the basivertebral plexus, 
trabecular bone, and subjacent to the vertebral end plates. 
Over three decades of innovation and advancements have pro-
duced treatment options with improved safety and eͤcacy. 
Results of numerous studies have demonstrated reduction 
of pain, and improved function and quality of life. Responses 
have been signiþcant and durable across a wide range of  
etiologies.

Keywords: vertebral compression fracture, vertebral augmenta-
tion, vertebroplasty, balloon kyphoplasty, osteoporosis, spinal 
metastasis, multiple myeloma, bone cement, vertebral implants 

1.1  Introduction
Acrylic cements have been used for augmentation of weakened 
or partially destroyed bones for decades. The þrst use of methyl 
methacrylate as an adjunct to internal þxation of malignant 
neoplastic fractures was reported in 1972.1 Vertebral augmen-
tation has since become central in the treatment of pathologic 
vertebral compression fractures  (VCFs) due to osteoporosis, 
trauma, and neoplasia. The procedure has also been used to 
treat fractures in patients with benign tumors such as heman-
giomas or LCVH and in genetic disorders that give rise to weak 
vertebrae such as osteogenesis imperfecta.2–​7

Osteoporotic VCFs  (OVCFs) are the most common indica-
tion for vertebral augmentation. As with any fracture, princi-
ples of þxation for VCFs include vertebral body (VB) reduction 
to restore normal anatomical relationships, þxation to provide 
absolute or relative stability, preservation of blood supply to 
soft tissues and bone, and early safe mobilization of the injured 
part and the patient (̀Fig. 1.1).

Before the availability of vertebral augmentation, the princi-
pal surgical option for compression fractures was decompres-
sion and instrumented fusion. Outcomes were often dismal 
in elderly osteoporotic patients.8 Nonoperative management 
options were equally disappointing. Initial management 
included bed rest and immobilization in an external orthotic 

if feasible and tolerable, depending on the degree of kyphosis 
and pain. Narcotics were prescribed for analgesia and nasal 
calcitonin for antiresorptive and analgesic eͣects. Bed rest and 
immobilization, however, led to accelerated osteoporotic bone 
loss and many elderly patients were at risk of polypharmacy 
and narcotic side eͣects including constipation, confusion, 
and respiratory depression as well as the many unappreci-
ated consequences of social isolation.9,​10 Patients treated with 
nonsurgical management (NSM) were also at an increased risk 
of mortality primarily from pneumonia due to their decondi-
tioned status.11

1.2  Mechanisms of Pain Relief
Two general hypotheses prevail regarding the mechanism 
of pain relief oͣered by augmentation of VCFs: (1) an intra-
vertebral injection of polymethyl methacrylate  (PMMA) 
cement stabilizes micro-fractures and eliminates periosteal 
micro-movements and pain;  (2) thermal polymerization of 
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PMMA following injection ablates pain receptors in the tra-
becular bone, vertebral periosteum, and vascular structures. 
This combination leads to near immediate postoperative 
anterior column stability and pain relief.12 Although abla-
tion of the basivertebral nerve within the VB does produce 
signiþcant pain relief in patients with diskogenic back pain, 
degenerative end plate changes, and an intact VB,13 low exo-
thermic or nonexothermic bone cements can produce equiv-
alent pain relief in patients with VCFs to that of cements with 
thermal neuroablation capability.14 The pain relief in patients 
with VCFs, therefore, is much more likely or completely due 
to the reestablishment of the mechanical stability of the VB 
rather than the ablative eͣects of the þll material on the VB 
innervation.

1.3  Procedures
1.3.1  Vertebroplasty
Vertebroplasty was þrst performed in 1984 but not reported 
until 1987. In the þrst known image-guided percutaneous ver-
tebral augmentation, Galibert et al successfully injected PMMA 
into a C2 vertebra that had been partially destroyed by an 
aggressive hemangioma.15

Vertebroplasty involves the percutaneous injection of 
cement such as PMMA directly into the cancellous bone of a 
fractured VB to alleviate pain and prevent further loss of VB 
height or progression of kyphotic deformity. Although the pro-
cedure does not improve spinal deformity, it stabilizes the ver-
tebra and improves the function of individuals debilitated by 
painful VCFs (̀Fig. 1.2).

1.3.2  Kyphoplasty
Kyphoplasty was þrst performed in 1998 as a modiþcation of 
vertebroplasty with the intent of restoring vertebral height 
and reducing kyphotic angulation for improved outcomes and 
reduced procedural risks. VCFs cause debilitating pain and may 
also be associated with signiþcant kyphosis. Kyphosis reduces 
compartment sizes of the chest, abdomen, and pelvis, which 
results in pulmonary restriction, decreased appetite, and uri-
nary incontinence. These processes can lead to life-altering 
deconditioning, weight loss, social isolation, and depression.

During kyphoplasty, a balloon tamp is inÿated within the VB 
to compress and displace cancellous bone prior to the injection 
of cement. This creates a cavity that can reduce the vertebral 
fracture and after removal of the balloon allows the injection of 
cement directly into the cavity that is the path of least resistance. 
This injection of cement into the cavity allows for greater control 
of the cement and reduces the risk of cement leakage (̀Fig. 1.3).

Inÿation of the tamp restores VB height and reduces 
kyphotic angulation to improve sagittal alignment, attenuat-
ing the risk of progressive deformity by reducing the bending 
moment  (M).16,​17 Illustrating the importance of the moment 
arm, Archimedes said, “Give me a lever long enough and a place 
to stand and I will move the earth.ó VB failure is believed to 
result from an excessive bending moment, which is the prod-
uct of the moment arm (the distance between the mid VB and 
the plumb line representing the center of gravity, D) and the 
force (gravity, F) applied to the moment arm18 (̀Fig. 1.4). The 
moment arm, and therefore the bending moment and risk of VB 
failure, increases as kyphosis progresses.

1.3.3  Radiofrequency Kyphoplasty
A novel technique approved for use in the United States in 
2008 (StabiliT Vertebral Augmentation System, Merit Medical, 
Jordan, UT, United States) is radiofrequency kyphoplasty (RFK). 
RFK uses radiofrequency heat to control the viscosity of the 
PMMA that is injected into the VB. Rather than using inÿatable 
bone tamps, a small navigational cannula is inserted unilat-
erally into the vertebra. The cannula creates pathways for the 
cement and preserves more of the existing cancellous bone. 
The pathways are þlled with ultraðhigh viscosity bone cement, 
which permeates into the surrounding bone, stabilizes the frac-
ture, and restores vertebral height (̀Fig. 1.5). The infusion of 
ultra–high viscosity cement in a slower and more controlled 
fashion is designed to reduce the risk of cement leakage.19–23

1.3.4  Percutaneous Radiofrequency 
Ablation
Radiofrequency ablation  (RFA) is a modiþed electrocautery 
technique for use in select patients with painful spinal metas-
tases.24 RFA and vertebral augmentation is a combination 
therapy for painful osseous metastases that cannot be or 
are incompletely palliated with radiation therapy. Combined 
treatment with RFA and vertebral augmentation has been 
successful in reducing pain and in improving function and  
quality of life.24–​28 Using image guidance, a partially insulated 
electrode attached to a radiofrequency generator is passed 
into the vertebra.29,​30 The heat generated by radiofrequency 

Fig. 1.2  A vertebroplasty procedure is demonstrated with the 
cannula of the needle (black arrow) placed in the vertebral body 
and the polymethylmethacrylate is shown within the vertebral 
body (white arrow).
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energy (50–90°C) causes destruction of the malignant tis-
sue and creates a small cavity in the VB31,​32  (̀Fig.  1.6). 
Additionally, percutaneous radiofrequency ablation destroys 
sensory nerve þbers, and tumor cells that release nerve- 
stimulating factors. There is also evidence to show that RFA 
carried out before percutaneous vertebral augmentation 
reduces the risk of cement leakage.33

Examples of devices for RFA include STAR Tumor Ablation 
System  (Merit Medical, Jordan, UT, United States), CAVITY 
SpineWand (ArthroCare, Austin, TX, United States), and OsteoCool 
RF Ablation system (Medtronic, Dublin, Ireland). The OsteoCool 
ablation probe is internally cooled with circulating water. The RF 
energy heats the tissue, while circulating water moderates the 
temperature. The system automatically moderates power to keep 
RF heating within the desired treatment range. This combination 
creates large-volume lesions without excessive heating, thereby 
reducing risks of potential thermal damage to adjacent tissue.

1.3.5  Vertebral Augmentation with 
Implants
Signiþcant and lasting pain relief has been achieved with both 
vertebroplasty and kyphoplasty. Restoration of height does not 

appear requisite for pain relief, but height restoration and reduc-
tion of kyphotic angulation are important components in the 
reestablishment of normal sagittal balance and protection from 
future fractures.17,​34 Recovery of VB height during kyphoplasty 
may be partially lost over time. Newer next-generation vertebral 
augmentation systems have been introduced to improve fracture 
reduction, indeþnitely restore the height of the VB, and further 
reduce risks of cement leakage.35,​36

SpineJack  (Stryker, Kalamazoo, MI, United States) is a tita-
nium implant inserted using a bilateral transpedicular approach 
to treat fractures between and including T5 and L5. A direct lift 
mechanism expands vertically like a car jack and allows for 
progressive controlled reduction of the fracture prior to cement 
injection (̀Fig. 1.7).32

The OsseoFix Spinal Fracture Reduction System (Alphatec 
Spine, 2009) is a titanium mesh device that expands into the VB 
and acts as a scaͣold to facilitate reduction and stabilization of 
fractures between and including T6 and L5. There is no direct 
lift mechanism, but the foreshortening of the titanium tube 
reduces the end plate by direct superior and inferior pressure 
from the center of the tube as it expands during the implant’s 
deployment. The mesh expands to compact the trabecular bone 
and increase the VB height, allowing cement interdigitation.37 

Fig. 1.3  (a) Kyphoplasty in a patient with two 
previous vertebral augmentation procedures 
at T6 and T7. (b) The patient had recurrence 
of pain and adjacent level vertebral fracture at 
T8 (white arrow). (c) An anteroposterior ÿuoro-
scopic view of the mid-thoracic spine with bal-
loons (white arrowheads) placed through two 
needle cannulas (black arrows). (d) The lateral 
ÿuoroscopic view shows cement injected into 
the vertebral body (white arrow).
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The device was introduced as an alternative to vertebroplasty 
and kyphoplasty to reduce cement leakage (̀Fig. 1.8).

The Vertebral Body Stenting System  (VBS) consists of an 
expandable cobalt–chromium alloy stent mounted on a 
balloon catheter. The device is typically inserted via a bilat-
eral transpedicular approach and inÿated to maximum of 

30 atm to symmetrically expand both stents. The stent is 
optimally expanded to a maximum diameter of 17 mm and 
balloons are deÿated and removed, leaving both stents to 
maintain the restored height prior to injection of the cement 
(̀Fig. 1.9).32

The Kiva VCF Treatment System, indicated for use in the 
treatment of spinal fractures in the thoracic and/or lumbar 
spine from T6 to L5, received clearance from the U.S. Food and 
Drug Administration on January 24, 2014. The Kiva implant is 
a percutaneous uniportal vertebral augmentation device that 
is designed to restore VB height and reduce cement leakage. 
The polyether ether ketone ÿexible implant  (PEEK-OPTIMA) 
is inserted over a removable, fully coiled nitinol guidewire.38 
The coil is inserted into the VB and acts as a scaͣold for the 
implant. The Kiva implant is then inserted around the coil, the 
coil is removed, and cement is injected through the perforated 
implant for controlled delivery (̀Fig. 1.10).

1.4  Indications and 
Contraindications
Primary indications for vertebral augmentation include oste-
oporotic compression fractures, vertebral metastasis, multiple 
myeloma, vertebral hemangioma, vertebral osteonecrosis, 
traumatic VCFs, and reinforcement of a pathologically weak 
VB before and during surgical stabilization procedures. In clin-
ical practice, the most common indication is a painful oste-
oporotic vertebral fracture that has not responded to NSM 
including rest, immobilization in an orthotic brace, narcotic 
analgesic medications, and nasal calcitonin for antiresorptive 
and analgesic eͣects.

In 2018, a multidisciplinary expert panel of orthopaedic and 
neurosurgeons, interventional radiologists, and pain specialists, 
using the RAND/UCLA Appropriateness Method (RUAM), devel-
oped the Clinical Care Pathway  (CCP), deþning patient-speciþc 

Fig. 1.5  Radiofrequency kyphoplasty. 
(a) Lateral ÿuoroscopic view shows the needle 
just proximal to the posterior vertebral body 
wall (black arrow) entering via a transpedicular 
approach. (b, c) Posteroanterior and lateral 
ÿuoroscopic views show the channel creation 
device (white arrow) just across the midline in 
the anterior portion of the vertebral body.  
(d) Lateral ÿuoroscopic view shows cement 
being injected into the vertebral body  
(white arrowheads) after having just been 
heated with radiofrequency energy.

Fig. 1.4  The bending moment (M) is the product of moment 
arm (D) and gravity (F). As kyphosis progresses, the moment arm 
increases, thereby increasing the risk of vertebral failure.  
(This image is provided courtesy of Dr. M.R. Chambers.)

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



1.4  Indications and Contraindications

5

recommendations for vertebral fragility fractures  (VFF). The 
panel assessed the relative importance of signs and symptoms for 
the suspicion of VFF, the relevance of diagnostic procedures, and 
the appropriateness of vertebral augmentation versus NSM for a 
variety of clinical scenarios. Their report included the following 
guidelines for relative and absolute contraindications.39

Absolute contraindications include active infection at the 
surgical site and untreated blood-borne infections, and a non-
painful osteoporotic vertebral fracture that is completely healed 

or is clearly responding to conservative management. Strong 
contraindications include osteomyelitis, pregnancy, allergy to 
þll material, coagulopathy, spinal instability, myelopathy from 
the fracture, the presence of a neurologic deþcit, and neural 
impingement.

Relative contraindications include cardiorespiratory 
compromise such that safe sedation or anesthesia cannot 
be achieved, breach of the posterior vertebral cortex by a 
tumor, and/or tumor extension into the spinal canal. It was 

Fig. 1.6  Radiofrequency ablation. (a) Axial 
T1-weighted MR image shows a metasta-
sis (white arrow) in a 55-year-old man with 
metastatic lung cancer. (b, c) Lateral and  
posteroanterior ÿuoroscopic views show the 
STAR radiofrequency device in the postero-
lateral portion of the L2 vertebral body (white 
arrows). (d) Lateral ÿuoroscopic view shows 
cement being injected into the vertebral 
body (white arrowheads). (e) Axial T1-weighted 
MR image obtained 3 months after radiofre-
quency ablation shows the cement within the 
vertebral body (black arrow) but no further evi-
dence of the metastasis seen in a (white arrow).

Fig. 1.7  SpineJack. Lateral ÿuoroscopic views 
obtained during a vertebral augmentation with 
the SpineJack shows the initial needle access 
into the vertebral body (black arrow in a), 
 followed by a template to clean the site after 
drilling (black arrow in b). The SpineJack is 
then placed and expanded (white arrow in 
c) and then cement is injected around the 
implant (white arrow in d).

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



1  History and Introduction to Vertebral Augmentation

6

determined that fracture repulsion and canal compromise 
per se is not generally a contraindication, provided the frac-
ture fragment is not causing neural impingement or clinical 
symptoms related to this compromise. Signiþcant fracture 
retropulsion with canal compromise is a relative contrain-
dication. A CT scan may be used to determine integrity of 

posterior wall in patients with mild retropulsion of fracture 
fragment(s). Vertebra plana has been previously mentioned 
as a relative contraindication as it renders the procedure 
technically diͤcult but the RUAM group determined that ver-
tebra plana was not a relative contraindication to performing 
vertebral augmentation.

Fig. 1.9  Vertebral body stenting system (VBS). 
(a) Lateral ÿuoroscopic view of a T7 vertebral 
compression fracture shows a needle accessing 
the T7 vertebral body (white arrow). (b) The 
lateral ÿuoroscopic image shows two visually 
overlapping VBS implants (black arrow).  
(c) An anteroposterior ÿuoroscopic image 
shows two VBS implants deployed into the 
vertebral body (black arrows). (d) The lateral 
ÿuoroscopic image in CT shows the vertebral 
body after the injection of cement into the 
implants (white arrowhead).

Fig. 1.8  OsseoFix spinal fracture reduction 
system. Lateral ÿuoroscopic view of a T12 
vertebral compression fracture shows a 
needle accessing the T12 vertebral body (blue 
arrow in a) along with a drill (white arrow in 
a) being used to create a channel and guided 
by a K-wire (white arrowhead in a). The lateral 
image in (b) shows an OsseoFix implant being 
deployed (white arrow in b). Two implants 
are placed in the T12 vertebral body (white 
arrows in c) as shown by the lateral ÿuoro-
scopic image. Cement is added to stabilize the 
implants (white arrowhead in d).  

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



1.6  Clinical Applications and Evidence

7

1.5  Risks and Complications
Complications are few but, as with any surgical procedure, may 
include infection, bleeding, cardiac or respiratory complica-
tions of anesthesia, injury, and failure to achieve intended goals. 
Potential complications speciþc to percutaneous augmentation 
include cement leakage, pulmonary embolism, radiculopathies, 
rib fractures, subsequent vertebral fractures, and spinal cord or 
neural compression.40–42

1.6  Clinical Applications and 
Evidence
A comprehensive literature review is presented in Chapter 15. 
Numerous randomized controlled trials, systematic reviews, 
and meta-analyses have been employed to study and compare 
vertebral augmentation treatment options.43–​45 Although we 
consider results from randomized controlled trials, it is import-
ant to remember that these were developed to evaluate drug 
therapies, not devices and surgical procedures.46 Given their 
relatively recent introduction, there are limited data available 
with suͤcient power for decision-making with respect to 
newer vertebral augmentation implants and devices. Future 
trials with additional observations and longer follow-ups are 
anticipated.

1.6.1  Osteoporosis
VCFs are the most common type of fracture related to osteo-
porosis and are associated with signiþcant rates of morbidity 
and mortality. Annual direct medical expenditures exceed  
$1 billion in the United States.47 Contemporary natural history 
data suggest that more than 70% of patients with moderate or 

severe pain may fail to achieve signiþcant pain relief within  
12 months of symptom onset.48 Physicians in the Neuroradiology 
Department at the University Hospital in Lyon, France, began 
to treat osteoporotic vertebral fractures with vertebroplasty in 
1989. They used an 18-gauge needle to inject bone cement into 
seven patients, four of whom had OVCFs and the other three 
VCFs attributed to spinal metastases.49 They reported that seven 
of the eight patients had an excellent pain reduction response 
to the vertebroplasty and that the eighth patient had a good 
response.

Vertebroplasty
Vertebroplasty was introduced to the United States when, in 
the early 1990s, clinicians from the University of Virginia per-
formed the procedure using the technique introduced by the 
French clinicians.50 The use of vertebroplasty then dramati-
cally increased, primarily for the treatment of OVCFs, until the 
advent of balloon kyphoplasty (BKP) in the late 1990s.

In 2009, a great deal of controversy followed the publica-
tion of two randomized trials comparing vertebroplasty and 
sham procedures to treat osteoporotic vertebral fractures. 
The studies were intended to account for placebo eͣect in the 
setting of vertebroplasty. The authors reported that, although 
there were substantial reductions in overall pain in both study 
groups, there was no statistically signiþcant beneþt oͣered 
by vertebroplasty. Critics pointed out many ÿaws in design, 
patient selection, power, and generalization of inferences of 
both trials.

The þrst study randomized 75 participants with one or two 
painful osteoporotic vertebral fractures conþrmed by MRI and 
less than 1 year’s duration to vertebroplasty or a sham proce-
dure. Participants were stratiþed according to treatment center, 
sex, and duration of symptoms. The primary outcome was 

Fig. 1.10  Kiva implant.  Sagittal CT image 
shows a vertebral compression fracture of L5 
(black arrow in a).  Lateral ÿuoroscopic view 
shows the nitinol coil within the vertebral 
body (white arrow in b). Lateral ÿuoroscopic 
view shows the PEEK (polyether ether ketone) 
implant coiled in the vertebral body (white 
arrow in c) and image (d) shows the implant 
after the injection of cement (white arrowhead).
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“overall pain” at 3 months. There were substantial reductions 
in overall pain in both study groups, but vertebroplasty was not 
better in any measured outcome compared to controls, regard-
less of duration of symptoms. This trial by Buchbinder et al was 
to include 200 patients, but only 78 were enrolled over 4 years. 
Two of the four study hospitals withdrew after including only 
þve patients each. As a result, 68% of the procedures were  
performed in one hospital by one radiologist. Only 32% of 
patients received treatment within 6 weeks of onset of pain, 
suggesting that many fractures being treated were already 
healed with expected persistent edema on MR imaging.

The second trial randomly assigned 131 patients with one 
to three painful OVCFs to undergo either vertebroplasty or a 
simulated procedure without cement. The primary outcomes 
were disability and the patients’ ratings of average pain inten-
sity during the preceding 24 hours at 1 month. This study 
involved only outpatients; inpatients hospitalized with acute 
fracture pain were excluded. The protocol required 4 weeks of 
medical therapy before enrollment was possible and fractures 
were present for up to 1 year. Only 44% of patients had pain of 
less than 6 weeks’ duration; 56% of patients had pain for over 
3 months. The minimum pain score for enrollment was 3/10 
and the average pain score was 6.9. As patients with maximal 
back pain tend to have the greatest improvement on pain score, 
bias was presumably introduced, as those patients with the 
greatest pain likely did not agree to participate in a trial that 
might randomize them to a nontreatment arm. Finally, a signif-
icantly greater crossover from the control group versus the ver-
tebroplasty group could indicate dissatisfaction with the sham 
procedure that was not captured by pain scales.51

Kyphoplasty
In 2001, Garþn et al reported on new technologies in the spine 
for the treatment of painful OVCF and noted a 95% improve-
ment in pain and signiþcant improvement in function follow-
ing BKP. Vertebral height and kyphosis were improved by over 
50% when kyphoplasty was performed within 3 months of 
the onset of pain, less so if treatment was delayed more than 
3 months. Both vertebroplasty and kyphoplasty were described 
as òsafe and eͣectiveó in the treatment of painful OVCF that 
did not respond to conventional treatments. Kyphoplasty was 
noted to facilitate realignment of the spinal column and regain 
VB heightñmorphologic improvements thought to decrease 
pulmonary, gastrointestinal, and early morbidity consequences 
of fractures.52 Numerous prospective and retrospective studies 
have since demonstrated the safety and eͤcacy of kyphoplasty 
in the treatment of pain and deformity of OVCF.53

Results of the FREE trial, a randomized controlled trial 
comparing the eͤcacy and safety of BKP to nonsurgical care 
for VCFs were published in 2009.54 Adults with one to three 
acute painful vertebral fractures from T5 to L5 due to primary 
or secondary osteoporosis, multiple myeloma, or osteolytic 
metastatic tumors were enrolled at 21 sites in eight countries. 
Participants were randomized and the primary outcome, the 
change from baseline to 1 month in the short-form 36 (SF-36) 
physical component summary  (PCS) score, was evaluated at 
1 month. Patients in the kyphoplasty group had statistically 
signiþcant improvement in mean SF-36 PCS scores at 1 month 
when compared to the control group.

Next, Van Meirhaeghe et al performed a multicenter rand-
omized controlled trial comparing BKP to NSM with a focus on 
surgical aspects and radiographic vertebral deformity. Adults 
with one to three VCFs were randomized within 3 months of 
onset of pain to undergo bilateral BKP or NSM. Compared to 
NSM, the BKP group had greater improvements in SF-36 PCS 
scores at 1 month and greater functionality assessed with 
òtimed up and go.ó At 24 months, BKP improved quality of life, 
decreased the pain averaged during 24 months, and resulted in 
better improvement of index VB kyphotic angulation.53

The EVOLVE trial, a large prospective, clinical study of 
kyphoplasty, investigating 12-month disability, quality of 
life, and safety outcomes speciþcally in a Medicare-eligible  
population, published in 2017, represented characteristic 
patients seen in routine clinical practice. A total of 354 patients 
with painful VCFs were enrolled at 24 U.S. sites with 350 under-
going kyphoplasty. Four co-primary endpoints included back 
pain, disability, function, and quality of life. With all endpoints 
demonstrating statistically signiþcant improvement at every 
time point, kyphoplasty was deemed a safe, eͣective, and 
durable procedure for treating patients with painful VCF due to 
osteoporosis or cancer.55

SpineJack
A cadaveric study of 24 VB fractures comparing SpineJack to 
BKP showed height restoration was better in the SpineJack 
group. Clinical implications included better sagittal balance res-
toration and reduction of kyphotic deformity with the potential 
for fewer adjacent level vertebral fractures with the SpineJack.56

A single prospective randomized post-market clinical study 
compared the safety and eͣectiveness of SpineJack to the 
KyphX Xpander Inÿatable Bone Tamp to treat 30 patients with 
painful OVCFs. Reduction of pain and disability was greater in 
the SpineJack group immediately following and at 12 months 
after the procedure. Quality of life showed distinct improve-
ments in both groups. Patients in the SpineJack cohort had 
fewer adjacent level fractures (ALFs) at 1 year, while the addi-
tional VCF rate was approximately the same between the two 
groups. SpineJack produced a larger restoration of the VB angle, 
which was still evident 12 months after implantation.57

Preliminary data available at the time of this writing from 
the 151-patient randomized placebo-controlled SAKOS trial 
comparing the SpineJack to the KyphX Xpander Inÿatable Bone 
Tamp also suggests that both SpineJack and BKP have compa-
rable eͣects on functional improvement and quality of life, but 
SpineJack appears to be signiþcantly better than BKP for pain 
relief and VB height restoration with a decreased rate of adja-
cent fractures.58

In terms of pain relief measured by the Visual Analog 
Scale  (VAS), 5 days after surgery, there was a marked reduc-
tion in pain in both patient groups. The mean reduction was 
around 50 mm, but there was no signiþcant diͣerence between 
the two groups. The pain progressively improved over the þrst 
6 months in the SpineJack group only resulting in a signiþcantly 
improved pain score in the SpineJack group as compared to the 
BKP group at 1 month (p = 0.029) and at 6 months (p = 0.021) 
after surgery.

When evaluating ALFs, the responder rate at month 6 in 
the intention to treat (ITT) population was signiþcantly higher 
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following the SpineJack procedure compared to BKP  (88.1 vs.  
59.7%; p < 0.0001) and superiority for ALF reduction for the 
SpineJack procedure was conþrmed at 12 months with a 
responder rate of 73.5 versus 42.9% with BKP (p < 0.0001).

In the ITT population, the mean restoration of midline height 
was signiþcantly more following the SpineJack procedure than 
after BKP  (1.14 Ñ 2.61 vs. 0.24 Ñ 2.21 mm; median: 0.90 vs. 
0.45 mm; p = 0.0163). This result was conþrmed in the per 
protocol (PP) population as well (p = 0.0060).

OsseoFix
A prospective consecutive cohort study determined OsseoFix 
to be a successful and safe minimally invasive therapy for 
OVCFs, even those with posterior wall involvement. Twenty-
four patients with 32 OVCFs from T6 to L4 were treated with 
OsseoFix. After 12 months, there were signiþcant improve-
ments in mean Oswestry Disability Index (ODI; 70.6 to 30.1%), 
VAS pain (7.7 to 1.4), and mean kyphotic angle (11.7 degrees). 
There was only one case of loss of height in a stabilized VB, one 
pronounced postoperative hematoma, and no changes in the 
posterior vertebral wall or adjacent fractures. There were no 
cases of cement leakage.37

Vertebral Body Stenting System
In a 2014 randomized controlled trial comparing BKP to the VBS, 
the primary outcome was the kyphotic angle measurement on 
radiographic imaging. Secondary outcomes included radiation 
exposure time, complications, and cement extravasation. The 
mean kyphotic angle correction was 4.5 degrees with BKP and 
4.7 degrees with VBS. This diͣerence was not signiþcant. There 
was also no signiþcant diͣerence in radiation exposure times 
and the rate of cement leakage. It was concluded that, given 
the fact that VBS was associated with a slightly higher balloon 
pressures and more material-related complications (one com-
plication in BKP vs. nine complications with VBS), VBS oͣered 
no beneþt over BKP.38,​59

Kiva
In 2013, Korovessis et al prospectively and randomly compared 
BKP and KIVA vertebral augmentation for treating osteoporotic 
VB fractures.60 Although pain, disability and function outcomes 
were similar in both groups, the authors reported signiþcant 
restoration of the Gardner angle in patients treated with Kiva, 
whereas BKP did not meet signiþcance. Lower cement volumes 
used and decreased extravasation rates were reported for Kiva.

In the same year, Otten et al prospectively compared the 
Kiva VCF treatment system and the KyphX Systems  (Kyphon 
Inc., Sunnyvale, CA, United States) for BKP speciþcally evalu-
ating clinical eͤcacy and safety.61 Patient-reported outcomes 
were measured preoperatively before device implantation and 
6 months after treatment. Back pain severity was evaluated with 
the standard 10-cm VAS for the Kiva VCF treatment system and 
a numeric rating scale (0ð100, steps of 10) for BKP. Condition-
speciþc functional impairment was evaluated with the ODI 
score. During surgery, the operation time was recorded. All 
adverse events, which could be attributed to the treatment and 
further complications, such as new fractures, were documented. 
Cement extravasations and their location were conþrmed by 

intraoperative ÿuoroscopy and postoperative radiography. New 
fractures were evaluated by radiographic controls. The ante-
rior vertebral body and the mid vertebral heights were meas-
ured radiological in the digital system by caliper preoperatively, 
postoperatively, 3 months, and 6 months postoperatively. The 
authors described the KIVA system as safe and eͣective for the 
treatment of VCFs with pain and function improved as eͣectively 
by Kiva as by BKP. Pain was reportedly better controlled by Kiva 
at the 6-month comparison. The operation time needed to com-
plete the procedure with the Kiva treatment system was shorter, 
cement volume was lower, and subsequent fractures were less 
frequent following treatment with KIVA. The authors acknowl-
edged the relatively small study population and 6 months to be 
only an intermediate follow-up period.

Kiva was shown to be noninferior to kyphoplasty for the 
treatment of OVCFs based on reduction in pain, improvement in 
function, and absence of device-related serious adverse events 
at 12 months in the KAST study. Published in 2015, this large 
randomized trial of 300 subjects with OVCFs randomly selected 
to receive either Kiva or BKP had as its primary endpoint a 
composite of a reduction in pain, improvement in function, and 
absence of device-related serious adverse events at 12 months. 
Secondary endpoints included cement usage, cement extrava-
sation, and ALFs. The primary endpoint demonstrated noninfe-
riority of KIVA to BKP and there were no device-related serious 
adverse events that occurred. Analysis of secondary endpoints 
revealed statistical superiority of Kiva with respect to cement 
use and cement extravasation. There was a reduced rate of ALFs 
in the group treated with Kiva, but this fell just short of statis-
tical signiþcance.62

Given evidence of relative risk reduction rate in ALF with 
Kiva  (31.6% [95% conþdence interval  (CI): ð22.5%, 61.9%]) 
demonstrated in KAST, Beall et al used clinical data from KAST 
as well as unit cost data from the published literature to predict 
a direct medical cost savings of $1,118 per patient and $280,876 
per representative U.S. hospital when comparing Kiva to BKP.63

1.6.2  Trauma
Controversies exist regarding the appropriate imaging and indi-
cations, timing, and choice of surgical management of trau-
matic injuries to the thoracolumbar spine. Sixty-þve percent of 
thoracolumbar fractures occur due to motor vehicle injuries or 
falls from a height, with the remainder contributed by sports 
injuries and violence. Since these are high-velocity injuries, 
thoracolumbar fractures are commonly associated with other 
injuries like rib fractures, pneumohemothorax, and, rarely, 
great vessel injuries, hemopericardium, and diaphragmatic 
rupture.​64,65 Seatbelt  (Chance) fractures and ÿexionðdistraction 
injuries are often associated with intra-abdominal visceral inju-
ries.66 A careful history regarding the injury mechanism, pain, 
and neurological symptoms is essential. Axial, nonradiating back 
pain of stabbing or aching quality is the most common symptom. 
Patients with neurological injury may complain of weakness, 
paresthesia, or anesthesia below the injury level and urinary 
retention. Thorough inspection of the spine should be performed 
after a careful log roll maneuver to look for abrasions, tenderness, 
local kyphosis, and a palpable gap in between spinous processes. 
Neurological assessment should follow the standard American 
Spinal Injury Association (ASIA) guidelines (see Chapter 2).
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Vertebroplasty and Kyphoplasty
In 2002, using a human cadaveric model, Verlaan et al posited 
that failure after short-segment pedicle screw þxation for the 
treatment of vertebral fractures was the result of a redistribu-
tion of disk material through the fractured end plate into the 
VB, causing a decrease in anterior column support. This lack 
of support could lead to instrument breakage and recurrent 
kyphosis after removal of the instrumentation. They reported 
“balloon vertebroplasty” (kyphoplasty) to be a safe and feasible 
procedure for the restoration of traumatic thoracolumbar ver-
tebral fractures.67

In 2003, the Society of Interventional Radiology (SIR) Standards 
of Practice Committee published “Quality Improvement Guidelines 
for Percutaneous Vertebroplasty.” Indications for vertebroplasty 
at that time included the following: (1) painful primary and sec-
ondary OVCFs refractory to medical therapy; (2) painful verte-
brae with extensive osteolysis or invasion secondary to benign or 
malignant tumor (i.e., hemangioma, multiple myeloma, or meta-
static disease); and (3) painful vertebral fracture associated with 
osteonecrosis (Kummel’s disease).68

Since then, many cases of nonosteoporotic vertebral frac-
tures have been treated with vertebral augmentation. In 2004, 
Chen et al successfully treated a 33-year-old man with L1, L2, 
and L5 burst fractures with vertebroplasty. The authors pro-
posed the procedure as a useful intervention in select patients 
with lumbar burst fractures.69 In a 2015 prospective cohort 
study, Elnoamany demonstrated vertebroplasty to be an eͣec-
tive þrst-line treatment to decrease pain, increase mobility, and 
decrease narcotic administration in patients with nonosteo-
porotic compression fractures.70

Kiva
In 2014, Korovessis et al retrospectively compared two proce-
dures and two cements: BKP with calcium phosphate (Group 
A) and KIVA implant with PMMA  (Group B). Vertebral aug-
mentation was used to reinforce three-vertebra pedicle 
screw constructs for A2 and A3 single fresh nonosteopo-
rotic lumbar  (L1–L4) fractures in 38 consecutive age- and 
diagnosis-matched patients. Both groups had diminished 
pain and improved function as well as improved anterior VB 
height, segmental kyphosis, and spinal canal encroachment. 
The Kiva implant/PMMA group had signiþcantly improved 
posterior VB height; however, short-segment construct 
restoration had no impact on functional outcomes. The 
authors advised the use of PMMA in fresh traumatic lumbar  
fractures.71

SpineJack
More recently, in a case report by Polis et al, percutaneous 
extrapedicular vertebral augmentation with the SpineJack 
implant was used to treat a traumatic T8 vertebral fracture 
in a 15-year-old adolescent boy. CT scans demonstrated an 
A2.2  (AO/Magerl) fracture of T8. After 6 months of conserva-
tive management, severe pain persisted and angle of thoracic 
kyphosis progressed. The procedure eliminated clinical symp-
toms and resulted in partial reduction and rebalance of the VCF 
without limiting motion.72

1.6.3  Bone Disease, Cancer, Metastases, 
and Multiple Myeloma
Benign conditions such as vertebral hemangiomas and giant 
cell tumors may cause severe intractable pain. More than 30% 
of patients with advanced cancer have been reported to develop 
spinal metastases. The rate is higher (70%) in those with cancers 
of the breast, lung, or prostate.73 Metastatic lesions often cause 
bone lysis, weaken the vertebrae, and result in painful patho-
logic fractures with signiþcant morbidity. Multiple myeloma, a 
cancer that typically starts in the bone marrow, also has a sub-
stantial rate of spinal involvement.74,​75 Open surgical decom-
pression and instrumented stabilization may not be feasible 
and failure may lead to catastrophic consequences. Pain man-
agement is often inadequate and radiation therapy may be slow 
to become eͣective.

Vertebroplasty and Kyphoplasty
In 1987, Nicola and Lins described “a new method, intraopera-
tive retrograde embolization with a methyl methacrylate poly-
mer,” which was injected into a vertebral hemangioma with no 
further stabilization or radiation required.76

Giant cell tumors of the spine are rare and benign but can 
be aggressive and exhibit a high local recurrence rate with 
VB and neural arch destruction. Total spondylectomy with 
appropriate reconstruction for preservation of spinal integrity 
is the treatment of choice but is not always feasible. In 1997, 
Chui reported treatment of a giant cell tumor extending into 
the spinal canal. Decompressive laminectomy and posterolat-
eral fusion followed by an injection of PMMA into a giant cell 
tumor resulted in radiological improvement with no tumor 
recurrence at 7 years.77

In 2003, Fourney et al reported that vertebroplasty and 
kyphoplasty were safe and feasible to treat painful VCFs in 
well-selected patients with refractory spinal pain due to mye-
loma bone disease or metastases in cancer patients. The authors 
noted at that time that precise indications for the techniques 
were evolving, with the current North American experience  
largely limited to osteoporotic compression fractures. This was 
the only study to date to directly compare vertebroplasty and 
kyphoplasty in patients with cancer  (multiple myeloma and 
metastatic spinal lesions) and equivalent results in relieving 
pain were reported. Both procedures provided signiþcant pain 
relief in a high percentage of patients, and this appeared dura-
ble over time.78

In 2007, Shaibani et al reviewed the indications and con-
traindications of vertebroplasty and kyphoplasty, appropriate 
patient selection and evaluation, techniques, outcomes, and 
potential complications when performed for the alleviation 
of pain for osteolytic tumors of the spine. The authors pointed 
out that, although both vertebroplasty and kyphoplasty were 
highly eͣective in reducing pain from osteoporotic or patho-
logical VCFs and osteolytic tumors, supporting data were based 
on individual experiences and published case series rather than 
prospective randomized trials.

Numerous studies have since demonstrated the eͤcacy 
and safety of vertebroplasty and kyphoplasty in the treatment 
of spinal metastasis with rapid, signiþcant, and sustained 
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reductions in pain, disability, and analgesic usage, and 
improved quality of life.

The Cancer Patient Fracture Evaluation  (CAFÉ) trial was 
the þrst randomized controlled trial designed to compare the 
safety and eͤcacy of BKP with NSM for the treatment of painful 
VCFs in patients with cancer.79 Patients were from 22 sites in 
Europe, the United States, Canada, and Australia. Primary out-
come measure was back-speciþc functional status at 1 month. 
The results supported the beneþcial eͣects and safety of BKP 
compared with NSM for treating painful VCFs in patients with 
cancer.

To establish whether the CAF£ trial þndings were consist-
ent with those of other published studies in patients with 
cancer and VCFs, a systematic review of the literature was 
performed by Bastian in 2012. A review of 22 published stud-
ies (12 prospective, including the CAFÉ trial, and 10 retrospec-
tive) extended the þndings from the CAF£ trial and conþrmed 
BKP to be a safe and eͣective treatment that quickly reduces 
pain, stabilizes VB height and kyphosis, and improves physical 
function and quality of life in patients with cancer and painful  
VCFs.78–​100

Astur and Avanzi performed a systematic review to assess 
the eͤcacy of kyphoplasty in controlling pain and improving 
quality of life in oncologic patients with pathologic compres-
sion fractures due to spinal metastasis or multiple myeloma. 
Based on moderate evidence that patients treated with BKP 
displayed better scores for pain, disability, quality of life, and 
Karnofsky Performance Status compared with those undergo-
ing the conventional treatment, the study concluded that BKP 
could be considered an early treatment option for patients with 
symptomatic neoplastic spinal disease.101

Radiofrequency Ablation
Combination treatment with RFA and vertebral augmentation 
has been successful in reducing pain and in improving function 
and quality of life.24–​28 Early intervention with RFA and vertebral 
augmentation may improve the remaining quality of life in can-
cer patients with pathologic VCFs.25 Although no comparative 
clinical trials have been performed, there is evidence to show 
that RFA carried out before percutaneous vertebral augmenta-
tion reduces the risk of cement leakage.33

In a retrospective study of 26 patients with 38 verte-
bral metastases treated between 2005 and 2009, Zheng et al 
reported image-guided RFA with kyphoplasty to be safe and 
eͣective when used with careful consideration of bone cement 
volume/viscosity, injection location, and temperature to treat 
thoracolumbar vertebral metastases.30

Wallace et al performed a retrospective review of 72 patients 
with 110 spinal metastases treated with RFA and vertebral aug-
mentation for pain palliation between April 2012 and July 2014. 
Eighty-one percent (89/110) of metastases involved the posterior 
VB, while 45% (49/110) involved the pedicles. Patients reported 
clinically signiþcant decreased pain scores at both 1- and 4-week 
follow-ups. No major complications occurred related to RFA and 
there were no instances of symptomatic cement extravasation. 
The combination therapy was shown to be a safe and eͣective 
therapy for palliation of painful spinal metastases, including 
tumor involving the posterior VB and/or pedicles.102

Kiva
Anselmetti et al, in a 2012 case report, described the Kiva sys-
tem as òa novel and eͣective minimally invasive treatment 
option for patients suͣering from severe pain due to osteo-
lytic vertebral metastasis.”103 This þnding was subsequently 
supported by data as 40 patients with a painful spine malig-
nancy involving the vertebral wall, not responding to conven-
tional therapies and without surgical indications, underwent 
vertebral augmentation with the Kiva intravertebral implant 
for pain palliation. All patients experienced functional 
improvement and clinically relevant reduction of pain at 
1 month. All patients on opiates switched to NSAIDs or no 
treatment at all. All patients were able to discontinue use of 
an external orthotic following treatment. Seven of 43 (16.3%) 
treated vertebrae showed imaging evidence of a bone cement  
leakage.104

In a controlled, comparative randomized study, kyphoplasty 
and the KIVA implant provided equally signiþcant pain relief in 
cancer patients with osteolytic metastasis. Anterior, posterior, 
and middle VB height ratio and Gardnerõs angle improved insig-
niþcantly in both groups. Pain and disability improved postop-
eratively similarly in both groups. Low-viscosity PMMA cement 
was used and there were no cases of cement leakage in the Kiva 
group. Safety of both augmentation techniques was demon-
strated, even with signiþcant osteolysis.105

1.6.4  Langerhans Cell Vertebral 
Histiocytosis
LCVH is a benign disease and extremely rare in the lumbar spine 
of adults.106 Although uncommon, a variety of treatment modal-
ities have been reported for management, including systemic 
chemotherapy, curettage with and without bone grafting, inter-
nal þxation and fusion, intralesional corticosteroid injection, 
and radiotherapy.106,​107 In 1994, Cardon et al reported the þrst 
known case of LCVH treated with percutaneous vertebroplasty 
and described it as a suitable alternative when conservative and 
open surgical treatments were not feasible, providing pain relief, 
fracture stabilization, rapid recovery, and early weight bearing.108

1.6.5  Osteogenesis Imperfecta
In 2002, Rami et al extended the indications for vertebral aug-
mentation when they reported the þrst case of vertebroplasty 
used to treat a VCF secondary to osteogenesis imperfecta.109

1.7  Conclusion
Vertebral augmentation is a category of minimally invasive 
procedures that have become central in the treatment of VCFs. 
Many clinical trials, systematic reviews, and meta-analyses 
have studied and compared the growing number of vertebral 
augmentation modalities.43–​45 Results conþrm signiþcant and 
durable responses to treatment across a wide range of etiol-
ogies, including osteoporosis, trauma, and primary and met-
astatic cancer. Augmentation relieves pain and, in the case of 
kyphoplasty and implants, restores vertebral height and cor-
rects kyphotic angulation in select patients, thereby decreasing 
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2  Vertebral Compression Fractures
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Summary
Vertebral compression fractures  (VCFs) result from either 
trauma or pathologic weakening of the bone by conditions 
such as osteoporosis or malignancy. They often cause severe 
pain, physical limitation, and disability, and lead to increased 
morbidity and mortality with considerable heath care expen-
ditures. Fracture classiþcation systems have been designed 
to identify spinal instability and guide treatment. The public 
health and economic impact is considerable. Regardless of eti-
ology, timely and accurate diagnosis will assist in determining 
the appropriate treatment.

Keywords: vertebral compression fracture, vertebral fracture 
classiþcation system, vertebral augmentation, osteoporosis, 
bone mineral density, trauma, multiple myeloma, malignancy, 
kyphoplasty

2.1  Introduction
Vertebral compression fractures (VCF) result from either trauma 
or pathologic weakening of the bone by conditions such as oste-
oporosis or malignancy. They often cause severe pain, physical 
limitation, and disability, and lead to increased morbidity and 
mortality.1–​6 Vertebral fractures, whether they are symptomatic 
or asymptomatic, are associated with increased morbidity and 
mortality, and patients with osteoporotic vertebral fragility 
fractures have an increased risk of mortality compared to age-
matched controls.7–​9 Annual health care expenditures to diag-
nose and treat vertebral fractures are considerable and are on 
the rise.10

The thoracolumbar region is the most common location 
for fractures of the vertebral column.11–​13 The thoracic spine 
is functionally rigid due to coronally oriented facet joints, 
thin intervertebral disks, and stabilization oͣered by the rib 
cage, so signiþcant trauma is required for fracture or dislo-
cation unless the vertebrae are pathologically weakened by 
disease  (̀Fig.  2.1). The presence of the spinal cord in this 
region predisposes the patient to neurological injury if the 
canal is compromised causing signiþcant impingement on 
indwelling the neural tissue. The lumbar spine, on the other 
hand, is relatively ÿexible due to the thicker intervertebral 
disks, sagittally orientated facet joints, and absence of the rib 
cage (̀Fig. 2.2). The relatively lesser incidence of neurologi-
cal injury in lumbar fractures can be attributed to the large 
size of the neural canal and the greater resilience of the cauda 
equina nerve roots. The thoracolumbar junction (T10ðL2) is 
uniquely positioned between the rigid thoracic spine and the 
mobile lumbar spine. This transition from the less mobile tho-
racic spine with its associated ribs and sternum to the more 
dynamic lumbar spine subjects the region to signiþcant bio-
mechanical stress.12,​13 Among thoracolumbar injuries, 50 to 
60% aͣect the transitional zone (T11ðL2), 25 to 40% aͣect the 
thoracic spine, and 10 to 14% involve the lower lumbar spine 
and sacrum.14

2.2  Presentation and Diagnosis
Vertebral fractures may have a profound and untoward eͣect 
on quality of life. The presentation of patients with VCFs varies 
depending on etiology, severity, and the level or levels aͣected. 
Discrete onset axial back pain after lifting or bending is often 
reported and may or may not be associated with sciatica. Pain 
is typically positional, worsened by weight-bearing activities, 
transition from one position to another, and by lying supine. 
Patients without signiþcant trauma rarely have neurologic 
deþcits, but elderly osteoporotic patients, in particular, have 
marked functional impairment with activity reduced by pos-
tural changes and pain. Multiple thoracic fractures can result 
in severe kyphosis, which may lead to restrictive lung disease.15 
Lumbar fractures may alter abdominal anatomy, leading to 
constipation, abdominal pain and distention, reduced appetite, 
premature satiety, and urinary incontinence.16 These restric-
tions increase the risk of losing independence, social isolation, 
and clinical depression.

2.3  Epidemiology
2.3.1  Osteoporosis
Osteoporosis is the most common condition associated with 
VCFs and aͣects approximately 700,000 individuals each year 
in the United States and 30 to 50% of people older than 50 years 
worldwide.17–​20 Osteoporosis or “porous bone” is a systemic 
bone disorder resulting from an imbalance between bone for-
mation and bone loss and is characterized by diminished bone 
strength. Bone strength is dependent on both the quality of 
the bone and the bone mineral density  (BMD). Bone quality 
refers to architecture, mineralization, accumulation of dam-
age (microfractures), and turnover. Bone density is determined 
by peak bone mass, which is usually attained by age 30 and sub-
sequent bone loss.21

Osteoporosis can occur in both sexes, but is more common 
in women following menopause.21 Both men and women have 
age-related decline in BMD in middle age due to increased bone 
resorption as compared to bone formation. This is especially 
common in women as they experience more rapid bone loss in 
the early years after menopause.21 Peak bone mass is achieved 
only after linear bone growth has ceased. Therefore, bone mass 
attained early in life may be the most important determinant 
of skeletal strength later in life.21,​22 Factors that aͣect achieve-
ment of peak bone mass include lifetime calcium and vitamin 
D intake, physical activity, smoking, alcohol, eating disorders, 
and endocrine disorders.22 Characteristics associated with low 
bone mass later in life include female sex, increased age, estro-
gen deþciency, white race, low body mass index (BMI), and a 
family history of fractures.21

As a complication of osteoporosis, VCFs are associated with 
signiþcant morbidity and mortality and are an increasing public 
health risk as the population continues to age (̀Fig. 2.3). Vertebral 
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fracture incidence increases substantially with age in both males 
and females. The annual incidence of vertebral fractures increases 
from 0.9% among middle-aged women in their 50s to 60s to an 
incidence of 1.7% among those 80 years and older.10,​17,​23 The mere 
presence of a vertebral fracture is associated with increased risk of 
future fractures. If the patient presents with one VCF, the risk of 
having another one within the þrst year is increased by þvefold.17 
If the patient has two fractures, the risk increases to 12-fold and if 
three or more fractures are present, the risk is 75 times increased 
for having another vertebral fracture.

BMD as measured in gram per square centimeter  (g/cm2) 
and its related T-score are used to screen for the objective 

presence of osteoporosis. The T-score is the number of stand-
ard deviations above or below the mean BMD for a healthy 
30-year-old reference patient. The U.S. standard is to use data for 
a 30-year-old of the same sex and ethnicity, but the World Health 
Organization (WHO) recommends using data for a 30-year-old 
white female for everyone.Values for 30-year-olds are used in 
postmenopausal women and men older than 50 years because 
they better predict risk of future fracture. The criteria of the WHO 
are as follows: Normal is a T-score of -1.0 or higher. Osteopenia is 
deþned as between -1.0 and -2.5. Osteoporosis is deþned as -2.5 
or lower, meaning a bone density that is 2.5 standard deviations 
below the mean of the reference.24

Fig. 2.1  (a–c) Anatomy of the thoracic spine. (Source: An H, Singh K, ed. Surgical anatomy. In: Synopsis of Spine Surgery. 3rd ed. New York,  
NY: Thieme; 2016.)
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It should be noted that while bone density scanning and 
determination of the patient’s BMD and T-score are valuable 
from a screening and treatment monitoring perspective, it does 
not determine which vertebral fractures are osteoporotic VCFs 
as a greater proportion of vertebral fragility fractures occurs in 
patients with either a normal bone density or with osteopenia 
as compared to patients whose T-score shows osteoporosis. The 

clinical scenario and amount of force required to produce that 
VCF is a far better determination of whether the patient’s frac-
ture is traumatic or the result of osteoporosis than their T-score.

Using data from the National Health and Nutrition 
Examination Survey (NHANES), an estimated 16% of U.S. men 
and almost 30% of U.S. women aged 50 and over have osteo-
porosis as deþned by their bone BMD.25 An estimated 50% of 

Fig. 2.2  Anatomy of the lumbar spine. (Source: Kim D, Choi G, Lee S, ed. Anatomy of the intervertebral foramen. In: Endoscopic Spine  
Procedures. 1st Edition. New York, NY: Thieme; 2011.)
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women and 20% of men in the United States will sustain an 
osteoporotic fracture at some point in their lifetime.16 The 
prevalence of vertebral fracture is similar in men and women 
and increases with age from less than 5% in those younger than 
60 years of age to 11% in those age 70 to 79 years to 18% in 
those aged 80 years or older.26 The age-correlated prevalence 
rates in the United States are very similar to those in Europe, as 
published by the European Vertebral Osteoporosis Study.18,​27–​31

More than 2 million osteoporotic fractures including 
700,000 VCFs were diagnosed in 2005 and that number of 
osteoporotic fractures is projected to increase to over 3 million 
fractures by 2025, an increase of 52%.32 Importantly, this cal-
culation may be an underestimate as it has been projected 
that less than one-third of all vertebral fractures are clinically 
diagnosed  (see Chapter 34: Treatment of Osteoporosis after 
Vertebral Augmentation).33

2.3.2  Cancer
Metastases
The spine is the most frequent site of bone metastasis.34 In 
patients with cancer, the risk for pathologic VCF results from 
bone involvement, with fracture incidence estimated to be 24, 
14, 6, and 8% among patients with multiple myeloma (MM) and 
cancers of the breast, prostate, and lung, respectively.35,​36 These 
fractures are most often of the compression or burst type and 
may result in axial or radicular pain, and sometimes neurologic 
and/or motor/sensory deþcits. The incidence of symptomatic 
metastatic spinal tumors in the United States is estimated to 
be approximately 160,000 per year37 and between 6 and 24% of 
these patients are predicted to have a VCF at some point over 
the course of their disease.35 Unfortunately, pathologic fractures 
of the spine are often the initial manifestation of a metastatic 
malignancy (̀Fig. 2.4).

Multiple Myeloma
Although often perceived as a rare disease, MM is in fact the 
second most commonly diagnosed hematologic malignancy 
in the Western world.38 MM comprises 1.6% of all bone malig-
nancies in the United States and occurs primarily in the elderly, 

with a median age at diagnosis of 69 years.39 The 5-year survival 
rate is less than 50%.40 VCFs are the most common type of frac-
tures in patients with MM, occurring at the onset of the disease 
in 34 to 64% of patients.41,​42

Unlike osteoporosis, which causes weakening of trabecu-
lar bone structure and lower bone mass, the mechanisms of 
MM leading to signiþcant structural weakness are varied and 
remain incompletely understood. There is increased osteoclast 
precursor diͣerentiation and, consequently, enhanced bone 

Fig. 2.3  Vertebral compression fracture is illustrated by the black arrows and shown in the sagittal plane (a), coronal plane (b), and axial plane (c). 
(These images are provided courtesy of Dr. M. R. Chambers.)

Fig. 2.4  Sagittal short tau inversion recovery (STIR) MR image with 
a region of decreased signal present within the posteroinferior 
portion of the L2 vertebral body consistent with a blastic metas-
tasis (white arrow). Decreased height and normal marrow signal is 
noted in the L1 vertebral body (white arrowheads) consistent with 
a chronic osteoporotic vertebral compression fracture vertebral 
body. (This image is provided courtesy of Dr. M. R. Chambers.)
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resorption.43 Early diagnosis and treatment are critical in slow-
ing the disease progression and the corresponding deteriora-
tion of the patientõs quality of life.44

Most MM patients report back pain at the time of initial 
diagnosis.45 Up to 80% of patients with MM are diagnosed dur-
ing routine imaging.46 Radiological þndings include diͣuse 
bone loss, focal osteolytic bone lesions, bone marrow edema, 
and fragility fractures of the axial skeleton.47 Bone marrow 
edema is a common MR imaging þnding of acute VCFs but may 
be diͤcult to see due to bone marrow signal abnormalities 
seen in patients with MM.48 Diͣuse bone loss alone is often 
misdiagnosed as osteoporosis until more symptoms associated 
with MM develop.49 When focal osteolytic lesions or signiþcant 
diͣuse bone loss is evident, risk for vertebral fractures is high.50

The patient’s osteoporosis status could be an indicator of 
disease progression to MM.51 Twenty percent of osteoporotic 
patients presenting with vertebral fractures may have either 
monoclonal gammopathy of undetermined signiþcance or MM.50 
Almost 80% of MM patients are diagnosed with osteoporosis and 
the level of BMD has a major impact on survival.52,​53 However, 
there are several problems with the use of BMD as a diagnostic 
tool of MM. First, the decline in BMD as a result of aging and/or 
osteoporosis is well understood; it declines 0.1 to 0.2% per year 
due to aging while after menopause and onset of osteoporosis, 
it peaks to 1 to 2% and then slows back to the decline seen in 
normal aging.47 The decline in BMD in MM-induced osteoporo-
sis is less well understood and unpredictable. In a recent study, 
Borggrefe et al found that BMD of fracture cases in MM patients 
were signiþcantly reduced in men, but not in women.54 Second, 
as has been mentioned previously, BMD and T-score as deter-
mined by dual X-ray absorptiometry (DXA) has been challenged 
as a limited tool for the diagnosis of osteoporosis itself as it only 
partially estimates fracture risk. The use of DXA as a diagnostic 
evaluation tool in MM is even less valid.55 Also, routine assess-
ment of BMD in MM patients is not recommended due to meth-
odological diͤculties in these patients and the frequent use 
of bisphosphonates in all symptomatic MM patients.56 Finally, 
there are no established and well-deþned clinical criteria to 
diͣerentiate osteoporotic VCFs and MM-induced osteoporotic 
VCFs, but MR imaging can be helpful in patients who are sus-
pected to have MM (̀Fig. 2.5).57

2.3.3  Trauma
The annual incidence of traumatic spinal injuries is greater than 
160,000 in North America.58 According to Hu et al, the incidence 
of traumatic spinal injuries was 64/100,000 population/y in 
Canada alone.59 Of the injuries to the thoracolumbar region, 
around 50 to 60% aͣect the transitional zone (T11ðT12), with 
another 25 to 40% aͣecting the thoracic spine, and the remain-
der aͣecting the lower lumbar spine and sacrum.14 The peak 
incidence of thoracolumbar fractures is observed in patients 
who are between 20 and 40 years of age with these injuries 
being more common in men.14,​60 Thoracolumbar fractures are 
associated with neurologic injury in 20 to 36% of cases61,​62 and 
the type of fracture aͣects both the chances for and the extent 
of a neurological deþcit. In a multicenter study, the incidence 
of neurological deþcit ranged from 22 to 51% depending on the 
fracture type (AO Classiþcation type A: 22%; type B: 28%; type 
C: 51%; ̀Table 2.1).11,​63

Most thoracolumbar fractures are associated with trauma 
and 65% occur due to motor vehicle injuries or falls from a 
height, with a lesser portion of these fractures attributed to 
sports injuries or violence. Due to the high-velocity nature of 
these traumatic fractures, they are commonly associated with 
other injuries such as hemopneumothorax, rib fractures, vessel 
injuries, and diaphragmatic rupture.64,​65 Seatbelt (Chance) frac-
tures and ÿexionðdistraction injuries are other traumatic spinal 
fractures that are often associated with intra-abdominal visceral 
injuries. First described in 1948 by G.Q. Chance, the Chance frac-
ture is a purely bony injury extending from posterior to anterior 
through the spinous process, pedicles, and vertebral body (VB), 
respectively. Seen most often in the upper lumbar spine in 
adults, it typically results from excessive ÿexion, as caused by 
a lap belt (without shoulder belt support) injury during a motor 
vehicle accident. Incidence has been reduced dramatically by 
the required use of shoulder belts in motor vehicles.

History and physical examination help guide the choice of the 
initial imaging modality. Many times, advanced and/or dynamic 
imaging will be needed to detect spinal instability. A careful 

Fig. 2.5  Multiple myeloma. Mid-sagittal T2-weighted MR images 
of the lumbar spine show multiple, well-circumscribed, high-
signal-intensity lesions throughout the lumbar spine (white arrows) 
consistent with plasma cell inþltration of the lumbar spine bone 
marrow. (Source: Khanna A, ed. Extradural tumors. In: MRI Essen-
tials for the Spine Specialist. 1st ed. New York, NY: Thieme; 2014.)
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ligamentous complex to described seven fracture types in three 
major patterns: simple wedge fractures, comminuted fractures, 
and fracture-dislocations.67

Over a decade later in 1949, Nicoll improved the classiþcation 
system by formally deþning the anatomy that was responsible 
for spinal stability, including the VB, the disks, the interverte-
bral joints, and the interspinous ligament.68 He emphasized the 
importance of the interspinous ligament as a crucial compo-
nent of stability.

Holdsworth was the þrst to describe stability in terms of 
two columns.69,​70 In his two-column theory, compressing the 
anterior column causes distraction of the posterior column 
and vice versa. Holdsworth expanded on Nicoll’s assumption 
that the interspinous ligament was paramount in determining 
stability. He described a posterior ligamentous complex (the 
posterior column) and believed that the entire posterior col-
umn was crucial for stability. Therefore, loss of integrity to 
this posterior ligamentous complex would deþne instability. 
Holdsworth also described mechanisms of spinal injuries and 
deþned six groups: anterior wedge-compression fractures, 
dislocations, rotational fracture-dislocations, extension inju-
ries, burst fractures, and shearing fractures. This classiþcation 
system predates the modern imaging modalities and is now 
rarely used.

Panjabi71 and White et al72 described three conceptually sep-
arate but interdependent components responsible for stability: 

(1) a passive subsystem consisting of the vertebrae, facets, 
intervertebral disks, spinal ligaments, and joint capsules; (2) an 
active subsystem of spinal muscles and tendons; and (3) a con-
trol subsystem for neural feedback, including the neural control 
centers and force transducers located in ligaments, tendons, 
and muscles.

Introduced in 1982, the Allen and Ferguson system, also 
rarely used, was a òmechanisticó system that classiþed spinal 
injuries based on three common mechanical modes of failure 
of the spine: compressionðÿexion, distractionðÿexion, and 
compression–extension.73

Also introduced in 1982, the Denis three-column spinal 
stability classiþcation system describes fracture types and 
included possible mechanisms of failure. The anterior column 
is deþned as the anterior longitudinal ligament, the anterior 
half of the VB, and the anterior half of the annulus þbrosis. 
The posterior column consists of everything posterior to the 
posterior longitudinal ligament: the facet joints, pedicles, and 
supraspinous ligaments. The novel middle column contains a 
middle osteoligamentous complex formed by the posterior half 
of the VB, the posterior longitudinal ligament, and posterior 
annulus þbrosus (̀Fig. 2.7).74

As this model has an additional column, novel mechanisms 
of injury are described. There are four major types: compres-
sion, burst, seatbelt type, and ÿexionðdistraction. Compression 
fractures are classiþed according to whether they are caused 

Fig. 2.6  American Spinal Injury Association (ASIA) Guidelines.
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by anterior or lateral ÿexion. These injuries cause anterior 
column compression sometimes associated with posterior 
column distraction. Burst fractures are classiþed according to 
whether an axial load alone caused the fractures or whether 
ÿexion, rotation, and/or lateral ÿexion are also involved. These 
injuries cause anterior and middle column compression, and 
may sometimes also produce associated posterior column 
distraction. Seatbelt fractures are deþned by their distinc-
tive ÿexionðdisruption mechanism of injury. The anterior 
column may be intact or distracted, but the middle and pos-
terior columns are distracted. Fracture-dislocations are clas-
siþed according to whether the dislocation involves rotation, 
shear, or ÿexionðdistraction. Each of these injuries is further 
subdivided and can produce any pattern of column involve-
ment (̀Table 2.2 and ̀Fig. 2.8). Minor fractures—those of the 
transverse processes, articular processes, pars interarticularis, 
and spinous processes involve only a part of the posterior col-
umn and are not thought to lead to acute instability.75

Using this system, only compression fractures without 
involvement of the posterior wall would be amenable to 
treatment with vertebral augmentation. While low-velocity 
compression fractures were currently considered stable, Denis 

Table 2.2  Denisõ classiþcation of spinal fracture 

Type Mechanism Columns involved

Compression
•	 Anterior
•	 Lateral

Flexion
Anterior ÿexion
Lateral ÿexion

Anterior column  
compression with/
without posterior 
column distraction

Burst
•	 A
•	 B
•	 C
•	 D
•	 E

Axial load
Axial load plus ÿexion
Axial load plus ÿexion
Axial load plus 
rotation
Axial load plus lateral 
ÿexion

Anterior and middle 
column compression 
with/without posterior 
column distractionz

Seatbelt Flexion–distraction Anterior column intact 
or distracted; middle 
and posterior column 
distraction

Fracture-dislocation
•	 Flexion–rotation
•	 Shear
•	 Flexion–distraction

Flexion–rotation
Shear (anteropos-
terior or posteroan-
terior)
Flexion–distraction

Any columns can be 
aͣected (alone or in 
combination)

Source: Adapted from Dr. B. Nurboja and Mr. D. Choi.

Fig. 2.7  Illustration of the three columns of the spine as described by Denis. (a) Axial view. The lateral views show the (b) anterior, (c) middle, 
and (d) posterior columns and their anatomic contents. (Source: Khanna A, ed. Traumatic conditions. In: MRI Essentials for the Spine Specialist. 
1st ed. New York, NY: Thieme; 2014.)
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felt that all burst fractures were unstable and required sur-
gical instrumentation for stabilization. As every burst frac-
ture required the same treatment, the þve subdivisions were 
thought to be of little value.

The following year, McAfee et al simpliþed this system and 
was the þrst to describe a stable burst fracture: a fracture hav-
ing anterior and middle column compression without poste-
rior column disruption. The McAfee system of classifying acute 
traumatic spinal injuries is based on three forces  (axial com-
pression, axial distraction, and translation within the trans-
verse plane) as they act to injure the middle column. Computed 
tomography can be used as a reliable method of identifying 
unstable burst fractures by illustrating facet joint subluxation 
or disruption of the neural arch.76 With this system, vertebral 
augmentation would be appropriate for compression fractures, 
including stable burst fractures.

The AO  (Arbeitsgemeinshaft fur Osteosynthesefragen) 
Classiþcation is a highly detailed system published in 1994 by 
Magerl et al.61 This Swiss system returns to a two-column model 
and remains the basis for modern fracture þxation. It classiþes 
thoracolumbar fractures into three major groups based on the 
mechanism of injury: compression  (type A), distraction  (type 
B), and multidirectional with translation or torsion (type C). It 
takes into account the morphological appearance, the direction 
of the force or mechanism of injury, and increasing destruc-
tion of the injury.77 Its comprehensive description includes 
the nature of injury, the degree of instability, and prognostic 
aspects that are important for choosing the most appropriate 
treatment.

The modiþed AO classiþcation includes morphology of the  
fracture, neurological status, and description of relevant 
patient-speciþc modiþers (̀Fig. 2.9).78 The fracture morphol-
ogy is assessed based on three main injury patterns: type 
A0ðA4 (compression injury to the VB without posterolateral 
ligamentous complex [PLC] involvement), type B1ðB3 (ten-
sion band disruptionñthe failure of posterior [PLC] or anterior 
[anterior longitudinal ligament] constraints), and type C (trans-
lation injuries). Neurologic status is classiþed as follows: no 
neurologic injury (N0), transient  (resolved) neurologic deþcit 
(N1), radicular symptoms (N2), incomplete spinal cord injury 
or any degree of cauda equina injury (N3), complete spinal cord 
injury (N4), and unknown neurologic status (NX). Two modi-
þers were also included: M1 to indicate indeterminate poste-
rolateral complex status and M2 to designate patient-speciþc 
comorbidity (that might preclude general anesthesia and sur-
gery, such as ankylosing spondylitis or diͣuse burns overlying 
the surgical approach).

Based on this classiþcation, type A4 fractures  (burst frac-
ture or sagittal split involving both end plates) and B1–B3 and 
C injuries almost always require instrumented surgical stabili-
zation for optimal outcome.11 Vertebral augmentation may be 
indicated to treat type A injuries, speciþcally, A1.1, A1.2, A1.3, 
A2.1, A2.2, A2.3 and A3.1.

The Thoracolumbar Injury Classiþcation and Severity Scale. 
(TLICS) was introduced in 2005 by the Spine Trauma Study 
Group (STSG; ̀Table 2.3). It has been validated and shown to 
have good reliability. It uses a composite scoring system based 
on the mechanism of injury (as determined by the morphology 

Fig. 2.8  Denisõ deþnitions of types of spinal fracture. (Adapted from Denis.75)
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on imaging), integrity of the posterior ligamentous complex, and 
neurological status of the patient.79 Evaluation of the PLC requires 
MR imaging, a modality that has limited worldwide availabil-
ity.80 The TLICS is designed to assist in clinical management 
of thoracolumbar spine injuries and uses features important 
in predicting spinal stability, future deformity, and progres-
sive neurologic compromise, as well as predicting appropriate 
treatment recommendations.79,​81 The three major morphologic 
descriptors are compression or burst, rotation/translation, and 

distraction. For compression injuries, the preþxes axial, ÿexion, 
or lateral more precisely describe the injury morphology.

A score of 3 or less, as with compression injuries, suggests 
a stable fracture, while a score of 5 or more suggests that sur-
gical instrumentation for stabilization should be considered. 
This classiþcation system also provides a guide for determining 
the optimal approach (anterior, posterior, and combined anter-
oposterior) for surgically treated patients based on the status of 
the posterior ligamentous complex and the patient’s neurologic 

Fig. 2.9  AO classiþcation system: type A 
fracture subclassiþcations.

Table 2.3  The Thoracolumbar Injury Classiþcation System (TLICS) 

Three independent predictors of TLICS

1 Morphology
Immediate stability

•	 Compression
•	 Burst
•	 Translation/rotation
•	 Distraction

1
2
3
4

•	 Radiographs
•	 CT

2 Integrity of PLC
Long-term
stability

•	 Intact
•	 Suspected
•	 Injured

0
2
3

•	 MRI

3 Neurological status •	 Intact
•	 Nerve root
•	 Complete cord
•	 Incomplete cord
•	 Cauda equine

0
2
2
3
3

•	 Physical examination

Predicts •	 Need for surgery 0–3
4
>4

•	 Nonsurgical
•	 Surgeon’s choice
•	 Surgical

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; PLC, posterior ligamentous complex.
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status. A score of 4 might be handled conservatively or surgi-
cally, according to the physician’s judgment. A1, A2, and A3.1 
fractures as classiþed by the AO system would be assigned 0 
to 3 points using the TLICS system and vertebral augmentation 
would be included in the treatment options.

The systems described above were all designed to identify 
spinal instability and ultimately to guide treatment. The Genant 
semiquantitative method of classifying osteoporotic vertebral 
fractures was introduced in 1993 by Harry Genant, who noted82:

òVertebral fractures are the most common consequence 
of osteoporosis, occurring in a substantial portion of the 
post-menopausal population. Most vertebral fractures, how-
ever, are not clinically recognized, and can accumulate silently. 
It is established that the presence of a vertebral fracture is a 
strong risk factor for subsequent osteoporotic fractures, and 
that those with low bone density and vertebral fractures are at 
highest risk.”

Prior to the introduction of the Genant system, osteoporo-
tic vertebral fractures were frequently underdiagnosed world-
wide, with false-negative rates as high as 30% despite a strict 
radiographic protocol that provided an unambiguous vertebral 
fracture deþnition and minimized the inÿuence of inadequate 
þlm quality. Failure was a global problem attributable to either 
the lack of radiographic detection or a use of ambiguous termi-
nology in imaging reports. A standardized method for viewing 
and describing vertebral fractures was needed.83

The Genant classiþcation system is based on height loss 
involving the anterior, posterior, and/or middle VB (̀Fig. 2.10). 
In this semiquantitative assessment, each vertebra receives a 
severity grade based upon the degree of vertebral height loss. 
Unlike the other approaches, the type of the deformity (wedge, 
biconcavity, or compression) is not linked to grading. Thoracic 
and lumbar vertebrae from T4 to L4 are graded on visual 
inspection and without direct vertebral measurement as nor-
mal (grade 0), mildly deformed (grade 1: reduction of 20–25% 
of height over 10–20% of the vertebral area), moderately 
deformed (grade 2: reduction of 26ð40% of height over 21ð40% 

of the vertebral area), or severely deformed (grade 3: reduction 
of >40% of height and vertebral area; grade 0.5 designates òbor-
derline” vertebrae that show some deformation but cannot be 
clearly assigned as a grade 1 fracture.)

The Genant semiquantitative method has been tested and 
applied in a number of clinical drug trials and epidemiological 
studies.82,​84ð87 The reproducibility of the method for the diag-
nosis of prevalent and incident vertebral fractures was found 
to be high, with intraobserver agreement of 93 to 99% and 
interobserver agreement of 90 to 99%. In experienced hands, 
the approach is both sensitive and speciþc.87 A “spinal fracture 
indexó can be calculated from this semiquantitative assessment 
as the sum of all grades assigned to the vertebrae divided by the 
number of the evaluated vertebrae. Loss of individual vertebral 
height can be assessed on serial imaging for a meaningful inter-
pretation of follow-up radiographs.7

2.5  Treatment
The rationale for vertebral augmentation in stable vertebral 
fractures, regardless of etiology, is preservation or restoration 
of vertebral height, stabilization, or correction of kyphotic 
angulation and elimination of pain, allowing patients an early 
return to activity.

2.5.1  Osteoporotic Vertebral 
Compression Fractures
Prior to the introduction of vertebral augmentation pro-
cedures, management of patients with stable osteoporotic 
VCFs consisted primarily of rest, analgesic medications, and 
immobilization in an orthotic brace. Many of these patients 
develop disabling pain, deformity  (kyphosis), and reduced 
pulmonary function. Additionally, bone loss in osteoporotic 
patients is accelerated by inactivity and may lead to contin-
ued and accelerated bone loss at a rate of up to 2% per week.9 

Fig. 2.10  Genant semiquantitative classiþca-
tion of osteoporotic vertebral fractures.
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Weight bearing is an important factor in preventing bone 
loss and is an important step toward halting or slowing pro-
gressive bone loss in the patients.88–92 While medical man-
agement, including nonsteroidal anti-inÿammatory drugs, 
calcitonin, teriparatide, abaloparatide, bisphosphonates, and 
parathyroid hormone have been shown to oͣer some beneþt 
in pain control and function, medications do carry risks of 
side eͣects. For example, bisphosphonates have been asso-
ciated with osteonecrosis of the jaw and atypical femoral  
fractures.

In geriatric patients with osteoporotic vertebral fractures, 
including those involving the posterior wall of the VB, kyphop-
lasty has been shown to be an eͣective procedure with only rare 
complications. Between 2002 and 2008, Krüger et al performed 
kyphoplasty on 97 patients, each with at least one AO classiþ-
cation A3.1 fracture. Ninety-seven patients (68 females; aver-
age age: 76.1 [59ð98 years]) with involvement of the vertebraõs 
posterior margin were treated by kyphoplasty. The fractures of  
75 patients were caused by falls from little height, 5 patients 
had suͣered traͤc accidents, and in the case of 17 patients, no 
type of trauma was remembered. According to the AO classiþca-
tion, there were 109 A3.1.1 fractures and 1 A3.1.3 fracture. Prior 
to surgery, all patients were neurologically intact. Seventy-nine 
fractures were accompanied by a narrowing of the spinal canal 
with a mean degree of narrowing of 15% (10ð40). Overall, 134 
vertebrae were treated by balloon kyphoplasty  (81 × 1 VB,  
22 × 2 VB, 3 × 3 VB). Cement leakage was observed after surgery 
in 47.4% of patients but in every case, patients remained asymp-
tomatic form the leakage. Using the Visual Analog Scale  (VAS 
1–10), patients stated that prior to surgery their pain averaged 
8.1, whereas after surgery it signiþcantly decreased and aver-
aged 1.6 (p < 0.001).93

2.5.2  Pathologic Vertebral Fractures 
due to Neoplasia
In patients with pathologic fractures due to neoplasia, various 
types of medical, surgical, and radiologic oncology management 
are most often indicated for the primary disease. Treatment of 
pathologic fractures due to malignancy may include radiation, 
radiofrequency ablation, vertebral augmentation, and/or open 
surgical procedures to decompress neural elements, reduce 
tumor burden, and stabilize the spine.94 Evidence has shown 
that vertebral augmentation dramatically reduces pain and 
improves quality of life.95,​96

In a systematic review to assess the eͤcacy of kyphoplasty 
in controlling pain and improving quality of life in oncologic 
patients with metastatic spinal disease or MM and pathologic 
compression fractures of the spine, Astur and Avanzi found 
moderate evidence that patients treated with balloon kyphop-
lasty displayed better scores for pain  (Numeric Pain Rating 
Scale), disability  (RolandðMorris Disability Questionnaire), 
quality of life (Short Form 36 [SF-36] Health Survey), and func-
tional status  (Karnofsky Performance Status) compared with 
those undergoing the conventional treatment. Patients treated 
with kyphoplasty also have better recovery of vertebral height.

The control group was any other treatment modality. This 
study concluded that balloon kyphoplasty could be considered 

as an early treatment option for patients with symptomatic 
neoplastic spinal disease, and called for further randomized 
clinical trials (RCTs) to improve the quality of evidence.97

An earlier RCT compared balloon kyphoplasty with  
nonsurgical management  (NSM) and allowed an optional 
crossover at 1 month after enrollment and included patients 
with various neoplastic disorders including MM and breast, 
lung, and prostate cancers. They found statistically signiþcant 
improvements in the patientsõ pain, function, and quality of 
life as measured by the Numeric Rating Scale, the Roland–
Morris Disability Questionnaire, and the SF-36 Health Survey, 
respectively. There was either no change in quality of life and 
activity or minimal change in back pain in the NSM patients. 
Seventy-three percent of the patients who initially received 
NSM crossed over to balloon kyphoplasty and 55% of these 
patients crossed over within on1 week of their 1-month fol-
low-up visit. They concluded that balloon kyphoplasty pro-
vided better results than NSM at 1 month in all measures and 
these improvements seen at 1 month were generally sustained 
at 1 year. They also concluded the balloon kyphoplasty was 
safe for use in patients with neoplastic VB involvement as the 
number of patients with adverse events was similar between 
the balloon kyphoplasty and NSM groups.

2.5.3  Traumatic Vertebral Fractures
Importantly, no system used to classify traumatic verte-
bral fractures addresses sagittal balance or persistent clinical  
ailments. The most frequently used classiþcations in traumatic 
vertebral fracture assessment are AO and TLICS. Using the AO 
classiþcation scale, injuries classiþed as A1, A2 (except for pin-
cer fractures: A2.3), and A3.1 are stable and may be treated 
with vertebral augmentation. Speciþcally, A1.1, A1.2, A1.3, 
A2.1, A2.2, and A3.1 may be safely treated with vertebral aug-
mentation. According to the TLICS system, these same fractures 
are estimated as 3 or less points, do not require surgical instru-
mentation for stabilization, and are amenable to treatment 
with vertebral augmentation.

In fractures amenable to vertebral augmentation, Chen et 
al. found signiþcant reductions in hospitalization time and 
mortality in patients treated with vertebral augmentation 
as compared with those patients treated with NSM.1 A more 
recent study showed slightly longer hospitalization but greater 
discharge to home for augmented patients as compared to 
much higher rates of discharge to long-term care facilities in 
the patients treated with NSM.6 Recent Medicare claims–based 
analyses of over 1 million VCF patients with 5- to 10-year fol-
low-up, performed with propensity score matching to account 
for selection bias, concluded that there was a highly statisti-
cally signiþcant reduction of both morbidity and mortality in 
patients treated with vertebral augmentation as compared to 
those treated with NSM.3,​6 In these analyses comparing NSM 
to vertebral augmentation, NSM patients had signiþcantly 
higher rates of pneumonia, deep venous thrombosis, cardiac  
complications, and urinary tract infections.3,​6

Treatment of symptomatic VCFs with vertebral augmenta-
tion (vertebroplasty or kyphoplasty) has been shown in various 
studies to be a cost-eͣective intervention that both decreases 
pain and improves survival.98–100

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



2.6  Public Health and Economic Impact

27

2.6  Public Health and Economic 
Impact
2.6.1  Osteoporosis
Osteoporosis and associated osteoporotic fractures have a pro-
found economic burden and public health impact. The number 
of osteoporotic fractures diagnosed annually may, in fact, be a 
gross underestimate given, as has been mentioned previously, 
that only an estimated one-third of all vertebral fractures are 
clinically diagnosed.33 This impacts the reimbursement strat-
egies of payers, inÿuences policy makers in the public health  
sector, and encourages the pharmaceutical companies to con-
duct clinical trials for new agents to reduce fracture risk.101

More recent data suggest that osteoporotic VCFs aͣect up 
to one million persons in the United States annually, and 25% 
of woman in their lifetime.20,​102 A retrospective analysis using 
the Premier Perspective Database  (now Premier Healthcare 
Database) revealed that among all osteoporosis-related frac-
ture admissions for the years 2010 to 2013, the mean hospi-
tal cost was $12,839  (95% conþdence interval [CI]) and the 
mean length of stay (LOS) was 5.1 days. During the admission, 
7.4% of the patients were sent to the intensive care unit and 
the mortality rate was 1.5% with an additional or adjacent 
fracture occurring in 2.3% of the patients during the 60-day 
postdischarge period103 The majority of costs are incurred by 
inpatient care, long-term care facilities, and then outpatient 
care in that order.32 In the year following a fracture, medical 
and hospitalization costs were 1.6 to 6.2 times higher than 
prefracture costs and 2.2 to 3.5 times higher than those for 
matched controls with costs totaling up to $71,000 for a hip 
fracture and up to $68,000 for a vertebral fracture.104 Medicare 
pays for approximately 80% of these costs.32  In addition to the 
medical costs, there are other signiþcant indirect costs that 
include reduced productivity due to disability, reduced earn-
ings, and premature death.105 The cost of care of osteoporosis, 
in part due to an aging population, is expected to rise to $25.3 
billion by 2025.32

2.6.2  Cancer
Patients with bone metastasis secondary to prostate or breast 
cancer or MM are predisposed to skeletal-related events (SREs), 
including surgery or radiation to the spinal column, pathologic 
fractures, and spinal cord compression. Barlev et al examined 
costs from a payer perspective for SRE-associated hospitaliza-
tions among patients with MM or bone metastasis secondary to 
prostate or breast cancer.106 Patients with SRE hospitalizations 
were selected from the MarketScan commercial and Medicare 
databases  (from January 1, 2003, through June 30, 2009). 
Sampled patients had on the average at least two medical 
claims with primary or secondary ICD-9-CM diagnosis codes 
for prostate cancer, breast cancer, or MM, and at least one sub-
sequent hospitalization with principal diagnosis or procedure 
codes indicating bone surgery, pathologic fracture, or spinal 
cord compression. A total of 555 patients had 572 hospitaliza-
tions. The mean age range was 61 to 72 years, and the range of 
mean LOS per admission was from 5.9 to 11.6 days. The range of 

mean health plan payment per hospital admission across tumor 
types was $22,390 to 26,936 for pathologic fracture without 
spinal cord compression.106

2.6.3  Trauma
When considering the estimated costs of hospital care and out-
patient visits for patients with traumatic thoracolumbar spine 
fractures, one must remember that, although the LOS for patients 
treated operatively may be shorter than those treated nonopera-
tively, the total costs, including surgical expenses, may be higher. 
Cost-eͣectiveness then becomes central. That is, surgery must 
oͣer a better outcome for the increased cost. Outcomes must 
be factored into the analysis for a reliable cost-eͣective value. 
Unstable fractures and those with neurologic impairment may 
require surgical treatment, extensive rehabilitative services, and 
these patients often develop long-term disability.107

Siebenga et al compared surgical versus nonsurgical treat-
ment for management of individuals with traumatic thora-
columbar spine fractures. This study included direct costs, 
general-practitioner visit and absenteeism costs, and private 
health care expenditures. The study included individuals with 
traumatic thoracolumbar spine fractures  (T10ðL4 fractures 
without neurological deþcit) treated between 1998 and 2003 
in a single European institution. Mean direct costs during 
this time period for the surgical treatment (US$ 21,960) were 
signiþcantly higher than those for the conservative manage-
ment  (US$ 11,880). However, the general-practitioner visit 
costs, private expenditures, and absenteeism costs for the 
surgical group  (US$ 13, US$ 550, and US$ 6630, respectively) 
were signiþcantly lower than those for the nonsurgical group  
(US$ 34, US$ 816, and US$ 10,329, respectively).108

The Nationwide Emergency Department Sample  (NEDS) 
is a set of hospital-based emergency department databases 
included in the Healthcare Cost and Utilization Project (HCUP) 
family. These databases are created by the Agency for Healthcare 
Research and Quality (AHRQ) through a Federal-State-Industry 
partnership. Based on the HCUP Nationwide Inpatient 
Sample (NIS) and NEDS databases queried, there were an esti-
mated 795,300 hospital discharges and emergency department 
visits for spinal fractures in the United States in 2010–2011. 
The great majority of spinal fracture patients (773,000, or 97%) 
were treated for osteoporotic or pathologic VCFs with little or 
no trauma. Nearly half of discharges and visits for VCFs were for 
patients 75 years and older and 58% were females.107 Traumatic 
fractures were far less common, with 27,100  (3%) hospital 
discharges or outpatient visits reported. Numbers were too 
small for reliable reporting in the National Center for Health 
Statistics  (NCHS) databases, which include outpatient and 
physician oͤce visits. These fractures predominantly involved 
men (~60%) and were most likely to involve patients between 
the ages of 18 and 44 years.107

The average LOS for patients with a spine fracture diagnosis 
was 6.8 days and the average charge was $69,500. For patients 
with traumatic spinal fractures, the average hospital stay was 
more than twice as long as for osteoporotic/pathologic VCFs (14 
vs. 6.6 days), and average charges three times as high ($197,700 
vs. 65,700). Diͣerences in LOS and charges were shown to be 
greater for those younger than 45 years (̀Fig. 2.11).
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Only a small proportion of patients hospitalized with 
any spinal fracture undergo surgery  (̀Fig.  2.12). According 
to the NIS database, fusion  (8.8%) and vertebral augmen-
tation  (kyphoplasty or vertebroplasty, 10.6%) are the most 
common procedures performed. Similar rates of procedures 
were found in the NEDS hospitalized patients and National 
Hospital Discharge Survey (NHDS) databases. Of patients dis-
charged with the diagnosis of VCF, only 12% were treated with 
kyphoplasty or vertebroplasty. These patients were twice 
as likely to be female, and were most likely to be 65 years 
or older. The majority of spinal fusion procedures were per-
formed on patients younger than 44 years with traumatic  
fractures.107

2.6.4 Cost-Eͻectiveness
Cost-eͣectiveness analysis is a way of determining the value of 
an intervention.

Determining an acceptable cost-eͣectiveness threshold, 
that is, the amount we are willing to pay for an intervention, 
is a value judgment. Patients may have diͣerent thresholds 
than payers. Garber and Phelps suggest that òmost, but not all, 
decision makers in the United States will conclude that inter-
ventions that cost less than $50,000 to $60,000 per quality-
adjusted life year (QALY) gained are reasonably eͤcient.ó109,​110

In 2013, Borse performed costðutility analysis of balloon 
kyphoplasty and vertebroplasty, the two most commonly 
employed augmentation procedures used to treat osteoporotic 
VCFs. The costðutility ratio for vertebroplasty was $34,688 per 
QALY gained and that for a balloon kyphoplasty was $32,767 
per QALY gained. In an incremental comparison between 
kyphoplasty and vertebroplasty, balloon kyphoplasty was 
more cost-eͣective when compared to vertebroplasty.111

For additional information regarding the cost-eͣectiveness  
of vertebral augmentation refer to Chapter 16: Cost-Eͣectiveness 
of Vertebral Augmentation.

Fig. 2.11  Average length of stay and hospital 
charges for osteoporotic VCFs and traumatic 
spinal fractures by age in the United States, 
2011. Source: United States Bone and Joint 
Initiative: The Burden of Musculoskeletal 
Diseases in the United States (BMUS), Third 
Edition, 2014. Rosemont, IL. Available at http://
www.boneandjointburden.org. Accessed on 
[8/12/2018].

Fig. 2.12  Inpatient procedures for 
spinal fractures in the United States, 
2010/2011. Source: United States Bone and 
Joint Initiative: The Burden of Musculoskeletal 
Diseases in the United States (BMUS), Third 
Edition, 2014. Rosemont, IL. Available at 
http://www.boneandjointburden.org. Accessed 
on [8/12/2018].

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



2.7  Conclusion

29

2.7  Conclusion
VCFs can lead to severe pain, physical limitation and disability, 
and increased morbidity and mortality. In patients with con-
ditions such as osteoporosis or malignancy, pathologic weak-
ening of the bone allows even the most minor trauma to result 
in fractures. These fractures are very common and the public 
health and economic impact is considerable. The most com-
mon causes of vertebral fractures are osteoporosis, metastatic 
disease, MM, and trauma. Regardless of etiology, timely and 
accurate diagnosis is essential to determine the appropriate 
treatments.

Trauma patients with injuries leading to an unstable spine 
must be treated rapidly and with great attention to mech-
anism of injury, the type of injury, and the treatment neces-
sary to adequately protect the spine. It is equally important 
to provide an accurate and timely diagnosis in patients with 
metastatic malignancies to the spine and in elderly patients 
with osteoporotic VCFs. One must consider all safe treatment 
options and the implications and literature evidence support-
ing these options. Conservative therapy often consists simply 
of rest and optimal pain management, but care must be taken 
to avoid dismissing the eͣects of pain and the side eͣects or 
lack of eͤcacy of medical management. Importantly, bed rest 
in an osteoporotic patient may accelerate bone loss, worsen 
the patientõs functional status, and signiþcantly increase their 
chances of morbidity and mortality.

Given the social, public health, and economic impact of 
osteoporotic VCFs, it is imperative to understand the natural 
history of osteoporosis and invest not only in the interven-
tional treatment of these fractures but also in the prevention 
of future fractures by treating the underlying condition of 
osteoporosis and in education of the patient of their under-
lying disease process that produced the osteoporotic fracture. 
When a compression fracture is secondary to osteoporosis, 
the physician should explain what osteoporosis is, why the 
patient likely has it, and how to best treat their condition, and 
to make sure that the patient receives treatment by either 
the physician that performs the vertebral augmentation or an 
osteoporosis specialty clinic. This is a treatment pathway that 
will optimize the patient’s bone health and reduce or prevent 
future fragility fractures. In addition to optimizing treatment, 
it is important that the patient understand the importance of 
bone health and the beneþts of lifestyle modiþcation such as 
adequate intake of calcium and vitamin D as well as exercise 
and fall prevention.

Vertebral augmentation oͣers safe and durable pain 
relief and an opportunity to signiþcantly improve quality of 
life with an excellent riskðbeneþt ratio across a wide range  
of etiologies.
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3  Preprocedure Assessment Prior to Vertebral 
Augmentation
Scott Kreiner and Grace Maloney

Summary
Vertebral compression fractures (VCFs) are common and are 
increasing in number with the aging of the population. Patients 
with VCFs are optimally treated by accurate and early diagno-
sis and treatment.  The patients with asymptomatic fractures 
must be recognized to be diͣerent than those with fractures 
and moderate to severe pain or pain that is increasing as the 
latter patients typically are not eͣectively treated with non-
surgical management (NSM).  Correct identiþcation of VCFs 
via cross-sectional imaging is important and the preprocedure 
assessment includes such factors as risks, cost, and the patient’s 
ability to tolerate NSM or percutaneous vertebral augmentation 
(PVA). If the patient is provisionally deemed to be a candidate for 
PVA, there should be an assessment of the indications and con-
traindications.  The ideal candidate for vertebral augmentation 
is a patient with a symptomatic fracture seen on cross sectional 
imaging than cannot tolerate NSM and has positive physical 
examination signs and no absolute contraindication.  The PVA 
procedure should be done with the appropriate equipment and 
personnel and in a facility designed to accommodate these pro-
cedures.  After the augmentation procedure the patient should 
undergo the appropriate follow-up to ensure the optimal recov-
ery from both the fracture and the procedure and they should 
also receive appropriate therapy for the underlying disorder 
that originally predisposed them to the vertebral fracture.

Keywords: vertebral compression fracture, percutaneous 
vertebral augmentation, contraindications, preprocedure 
assessment, sedation, postprocedure management

3.1  Introduction
Vertebral compression fractures  are common and becoming 
more common as our population ages. Appropriate early diag-
nosis and management is key to obtaining optimal outcomes 
for these patients. While many patients have fractures that are 
only incidentally seen on imaging at some point after the frac-
ture, the presence of a single compression fracture substantially 
increases the risk for future fractures. In addition to the com-
monly seen asymptomatic fracture, there is a prominent subset 
of patients that present with moderate to severe pain that does 
not resolve with NSM. For these reasons, early identiþcation 
and optimal management of compression fractures improve 
outcomes in these patients.

3.2  Anatomy, Radiologic Imaging, 
Identiþcation, and Interpretation 
of Vertebral Compression 
Fractures
Selection of appropriate patients for PVA is essential to obtain-
ing optimal outcomes. Traditionally, the patient populations 
considered to beneþt most from PVA generally fall into three 

categories as follows: elderly osteoporotic individuals with 
acute or subacute VCFs, individuals with compression fractures 
refractory to NSM, and individuals with compression fractures 
secondary to malignancy.

Chronicity of a VCF is an important factor to consider when 
considering PVA. While patients with older painful fractures 
commonly derive substantial beneþt from PVA in terms of 
pain relief and improved functionality after failing conserv-
ative management, the best outcomes are seen in more acute 
fractures with evidence of bone marrow edema or fracture 
nonhealing.1

Identiþcation of these fractures using current imaging tech-
nology is critical. The majority of osteoporotic VCFs occur at the 
thoracolumbar junction. Patient examination including palpa-
tion and percussion of the vertebral bodies can help identify 
the involved segment  (see Chapter 4: Physical Examination 
Findings in Patients with Vertebral Compression Fractures). 
Imaging of the spine is ideally performed with magnetic res-
onance (MR) imaging. In cases of severe claustrophobia or MR 
imaging incompatibility  (non-MRI compatible pacemaker, 
cochlear implant, etc.), imaging studies should include a com-
puted tomography  (CT) scan of the involved area. In order to 
distinguish between acute, subacute, and chronic fractures, the 
presence of edema on a sagittal T2 fat-saturated or short tau 
inversion recovery (STIR) sequence in combination with a sag-
ittal T1-weighted sequence is the best indicator of an acute or 
subacute fracture. In cases of MR imaging incompatibility, CT 
scanning in combination with nuclear medicine bone scan or 
single-photon emission computed tomography  (SPECT) imag-
ing is usually required to distinguish between newer versus 
older fractures.2 In cases of complex fractures, the imaging eval-
uation with MRI and/or CT of the spine optimizes visualization 
of the fracture and may allow for more speciþc and directed 
treatment.

3.3  Preprocedure Assessment
While individuals with acute or subacute compression frac-
tures will likely achieve good outcomes after PVA, other factors 
for consideration include procedural risks, procedure cost, and 
the patient’s functional ability and ability to tolerate NSM.

The elderly osteoporotic patients with compression frac-
tures are a group who derives a substantial beneþt from PVA. 
Pain from a VCF is signiþcantly limiting to patients of all ages, 
but the deconditioning associated with patient immobility is 
especially detrimental to the elderly population. Immobility 
places these patients at greater risk for pneumonia, pulmo-
nary embolism, skin breakdown, and many other complica-
tions. Muscle atrophy from disuse is compounded by bracing 
and leads to decline in activities of daily life (ADLs), which is 
associated with increased mortality.3 Narcotic medications 
used for analgesia of the severe pain are more poorly tolerated 
by the elderly.4 When considering the risks of PVA as com-
pared to the risks of immobility in this elderly osteoporotic 
population, the beneþts of the procedure usually outweigh 
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the risks and in elderly patients with moderate to severe pain 
the risks of NSM are usually greater than the risks of PVA.5

For the younger patient with a traumatic VCF, NSM is typ-
ically attempted þrst. Younger patients tend toward greater 
resilience in terms of functional decline, toleration of pain med-
ications, and ability to heal bony injuries. However, in cases of 
severe or ongoing pain refractory to NSM, PVA may be reason-
able provided that imaging þndings correspond to the patientõs 
clinical presentation and physical examination þndings.

The third group who beneþts signiþcantly from PVA are 
patients with pathologic fractures due to neoplasia.6 In cases of 
pathologic fractures (̀Fig. 3.1), if there is no known preexisting 

malignancy, bone biopsy performed at the time of the PVA can 
assist with diagnosis of the neoplasm.

3.4  General Indications, 
Contraindications, and Procedure 
Complications
As mentioned previously, compression fractures may be identi-
þed incidentally on imaging and are not causing pain (̀Fig. 3.2). 
However, in patients who present with substantial back pain 
and have a compression fracture, PVA may be appropriate. The 

Fig. 3.2  Sagittal T2-weighted (a) and short 
tau inversion recovery (STIR; b) MR images 
show multiple vertebral compression fractures 
without signiþcant bone marrow edema  
(white arrows in a and b) more typical of 
chronic vertebral fractures. The L2 vertebral 
body shows bone marrow edema (area within 
white circles) indicating an acute or subacute 
vertebral compression fracture. Intravertebral 
ÿuid-þlled clefts are also seen in the L2 verte-
bral body (white arrowheads).

Fig. 3.1  Sagittal short tau inversion recov-
ery (STIR; a) and T1-weighted (b) MR images 
show vertebral compression fractures with bone 
marrow edema (white arrows in a and b). The 
cause of these fractures was determined to be 
related to multiple myeloma following biopsy at 
the time of vertebral augmentation.
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major indications for vertebral augmentation are the presence 
of a symptomatic osteoporotic vertebral body fracture(s) that 
are refractory to medical therapy or that are too symptom-
atic for the patient to tolerate NSM and in vertebral bodies 
weakness or fracture due to neoplastic involvement.7 These 
fractures include symptomatic nondisplaced vertebral body 
fractures (seen on MR imaging or nuclear bone scan but has no 
obvious loss of vertebral body height) and patients with frac-
ture progression and progressive loss of vertebral body height. 
In patients with mild pain, no functional impairment, or pain 
that is managed well with NSM such as oral medications and 
bracing, PVA may be performed later or not at all.

Absolute contraindications to PVA are infection at this 
site of the vertebral augmentation and an untreated blood-
borne infection.8 A strong contraindication is osteomyelitis 
of the vertebral column.8 A contraindication that is usually 
contraindicated is for women who are pregnant.8 Relative 
contraindications that may or may not result in the discon-
tinuation of the planned vertebral augmentation procedure 

include allergy to þll material, coagulopathy, spinal insta-
bility, myelopathy from the vertebral fracture, neurologic 
deþcit, neural impingement, and fracture retropulsion with 
canal compromise.8

Overall, PVA is a very safe and well-tolerated procedure. 
Despite its optimal safety proþle, there have been a few case 
reports of procedural complications. These include infections 
of the soft tissues, disk  (diskitis), and/or bone9–​14  (osteomy-
elitis), bleeding, and symptomatic extravasation of polyme-
thyl methacrylate  (PMMA).15–​21 Intradiskal leakage of PMMA 
has also been shown to increase the risk of adjacent-level 
fractures.22

3.5  Equipment and Room Setup
Room setup and equipment used for the procedure will vary 
based on physician preference and availability  (̀Fig.  3.3 and 
̀Fig.  3.4). This section will provide minimum safe require-
ments for the performance of vertebral augmentation.

Fig. 3.3  Oͤce-based procedure suite. 
Nurse (not shown) is to the left; note the 
monitor (black arrow), C-arm (black arrowhead), 
and oxygen (white arrow) available. Strict sterile 
technique is necessary for the performance of 
vertebral augmentation.

Fig. 3.4  The patient is placed in a prone 
position with towel rolls (black arrows) or gel 
pads under their shoulders and pelvis to put 
the spine in extension and facilitate vertebral 
fracture reduction.
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As with any procedure, it is of utmost importance that the 
physician performing this procedure has been trained in the 
performance of vertebral augmentation and is prepared to 
manage any complications that may arise during the procedure. 
It is also important that appropriately trained personnel includ-
ing nurse, and radiologic technology and other appropriate pro-
cedural or operating room personnel are present to assist the 
interventionalist/surgeon during this procedure.

Patients undergoing PVA should have intravenous access 
in place for the administration of ÿuids and medications as 
needed. Sedation may be beneþcial in vertebral augmentation 
cases, as these patients typically have moderate to severe pain 
associated with their fractures, and the process of obtaining 
access to the vertebral body and reducing the fractured bone 
can be painful. The judicious use of local anesthetics is impor-
tant and can help minimize the degree of sedation required to 
successfully perform this procedure. The decision to use seda-
tion should be made on a case-by-case basis. If the physician 
performing the procedure decides to administer and supervise 
the sedation, they should be trained and qualiþed to do so. In 
these situations, a separate health care provider  (registered 
nurse or other appropriately trained personnel) is required to 
assist with the administration of the medications and moni-
toring of the patient. Vital signs should be recorded at regular 
intervals and, if sedation is administered, pulse oximetry and 
cardiac monitoring must be used.

Because of the nature of the fracture and the frailty of 
patients who typically develop fractures that require treatment, 
antibiotic prophylaxis is recommended to decrease the risk of 
perioperative infection. Cephalosporins  (cefazolin or cefurox-
ime) are the preferred drug due to their low toxicity, though 
Vancomycin and clindamycin are alternatives in patients with 
an allergy to cephalosporins or penicillin. These antibiotics 
cover primarily gram-positive organisms and may be combined 
with gentamycin, which covers primarily gram-negative organ-
isms, and has been shown to penetrate into the intervertebral 
disk much more readily than other perioperative antibiotics.23

Strict sterile technique should be followed at all times as they 
pertain to the facilities, materials, patient preparation, phy-
sician preparation, and PVA materials preparation. Examples 
include, but are not limited to, the following:
•	Skin overlying the target region should be prepared for an 

aseptic procedure, preferably using chlorhexidine-alcohol or 
povidone-iodine. The area should then be draped to create a 
sterile þeld.

•	Barriers including sterile gloves, sterile gown, hat, and masks 
should be utilized during the procedure.

•	Sterile equipment should be utilized, including a sterile 
C-arm cover.

•	Single-use syringes/needles and single-dose vials should be 
employed.

3.6  Procedure
•	The patient is typically placed in a prone position on the 

table. Pillows should be placed under the upper chest and 
pelvis to promote thoracic and lumbar extension, which will 
assist in the reduction of the compressed vertebrae.

•	CT or ÿuoroscopic viewing should be utilized to guide 
the entry to the vertebral body (̀Fig. 3.5). See Chapter 6: 
Approaches to the Vertebral Body, for the various approaches 
to achieve optimal outcomes.

•	 It is desirable to achieve as much fracture reduction as 
possible. This reduces the risk of adjacent-level fracture and 
minimizes the kyphotic deformity.

•	The cement, once prepared, may then be injected into the 
vertebral body. Volumes of cement ranging from 15 to 25% of 
the noncompressed vertebral body volume at the same level 
is necessary to adequately treat the fracture and to restore 
the vertebral body strength and stiͣness as well as to relieve 
pain.24 Extravasation of cement from overþlling the vertebral 
cavity should be avoided.

•	 Incisions should receive some type of closure via a simple 
stitch, Dermabond, or Steri-strip-type closure bandage. In 
addition, if there is wound drainage, an appropriate dressing 
should be applied.

•	The patient should be maintained in the prone immobile 
position while the cement sets. Setting time is temperature 
and cement speciþc though typically in the range of 10 to 20 
minutes. Refer to product recommendations for the working 
time of the speciþc PMMA used.

Fig. 3.5  The patient is sterilely prepped and draped and gowns, 
gloves, and masks are worn for this sterile image-guided procedure. 
The needles are placed into the vertebral body with a mallet (white 
arrow) typically using ÿuoroscopic guidance.

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



3  Preprocedure Assessment Prior to Vertebral Augmentation

36

3.7  Postprocedure Management
Most commonly, vertebral augmentation is performed as an 
outpatient procedure. It is appropriate to discharge the patient 
home following appropriate postanesthesia care. Neurological 
assessments should occur frequently during the immediate 
postprocedure recovery. Initiation of ambulation postproce-
dure must be carefully supervised.

As these patients are being treated for a fracture, at dis-
charge, the patient should be instructed to avoid activities that 
may lead to additional or adjacent-level fracture. This includes 
activities that substantial increase the axial load on the spine 
such as lifting heavy objects, jumping from a height, or pull-
ing objects against considerable resistance. Patients should also 
receive the usual postinterventional procedure instructions to 
minimize infection. These include keeping the incision clean 
and dry and no soaking in a bath, hot tub, pool, or lake for at 
least 48 hours after the procedure.

Finally, the cause of the fractures should be determined and 
treated. While not within the scope of this text, this includes 
diagnosis and management of osteoporosis and/or referral for 
malignancy workup.

References
[1]	 Tanigawa N, Komemushi A, Kariya S, et al. Percutaneous vertebroplasty: rela-

tionship between vertebral body bone marrow edema pattern on MR images 
and initial clinical response. Radiology 2006;239(1):195ð200

[2]	 Maynard AS, Jensen ME, Schweickert PA, Marx WF, Short JG, Kallmes DF. 
Value of bone scan imaging in predicting pain relief from percutaneous 
vertebroplasty in osteoporotic vertebral fractures. AJNR Am J Neuroradiol 
2000;21(10):1807ð1812

[3]	 Brown CJ, Friedkin RJ, Inouye SK. Prevalence and outcomes of low mobility in 
hospitalized older patients. J Am Geriatr Soc 2004;52(8):1263ð1270

[4]	 Cherasse A, Muller G, Ornetti P, Piroth C, Tavernier C, Maillefert JF. Tolera-
bility of opioids in patients with acute pain due to nonmalignant muscu-
loskeletal disease. A hospital-based observational study. Joint Bone Spine 
2004;71(6):572ð576

[5]	 Wardlaw D, Cummings SR, Van Meirhaeghe J, et al. Eͤcacy and safety of bal-
loon kyphoplasty compared with non-surgical care for vertebral compres-
sion fracture (FREE): a randomised controlled trial. Lancet 2009;373(9668): 
1016ð1024

[6]	 Berenson J, Pÿugmacher R, Jarzem P, et al; Cancer Patient Fracture Evalua-
tion (CAFE) Investigators. Balloon kyphoplasty versus non-surgical fracture 
management for treatment of painful vertebral body compression fractures 
in patients with cancer: a multicentre, randomised controlled trial. Lancet 
Oncol 2011;12(3):225ð235

[7]	 ACR. ACR–ASNR–ASSR–SIR–SNIS Practice parameter for the performance of 
vertebral augmentation. 2017

[8]	 Hirsch JA, Beall DP, Chambers MR, et al. Management of vertebral fragility 
fractures: a clinical care pathway developed by a multispecialty panel using 
the RAND/UCLA Appropriateness Method. Spine J 2018;18(11):2152ð2161

[9]	 Abdelrahman H, Siam AE, Shawky A, Ezzati A, Boehm H. Infection after ver-
tebroplasty or kyphoplasty. A series of nine cases and review of literature. 
Spine J 2013;13(12):1809ð1817

[10]	 Alfonso Olmos M, Silva Gonz§lez A, Duart Clemente J, Villas Tom® C. Infect-
ed vertebroplasty due to uncommon bacteria solved surgically: a rare and 
threatening life complication of a common procedure: report of a case and a 
review of the literature. Spine 2006;31(20):E770ðE773

[11]	 Mummaneni PV, Walker DH, Mizuno J, Rodts GE. Infected vertebroplasty  
requiring 360 degrees spinal reconstruction: long-term follow-up review.  
Report of two cases. J Neurosurg Spine 2006;5(1):86ð89

[12]	 Park JW, Park SM, Lee HJ, Lee CK, Chang BS, Kim H. Infection following per-
cutaneous vertebral augmentation with polymethylmethacrylate. Arch 
Osteoporos 2018;13(1):47

[13]	 Syed MI, Avutu B, Shaikh A, Sparks H, Mohammed MI, Morar K. Vertebral 
osteomyelitis following vertebroplasty: is acne a potential contraindication 
and are prophylactic antibiotics mandatory prior to vertebroplasty? Pain 
Physician 2009;12(4):E285ðE290

[14]	 Walker DH, Mummaneni P, Rodts GE Jr. Infected vertebroplasty. Report of 
two cases and review of the literature. Neurosurg Focus 2004;17(6):E6

[15]	 Chen JK, Lee HM, Shih JT, Hung ST. Combined extraforaminal and in-
tradiscal cement leakage following percutaneous vertebroplasty. Spine 
2007;32(12):E358ðE362

[16]	 Chen YJ, Tan TS, Chen WH, Chen CC, Lee TS. Intradural cement leakage: a 
devastatingly rare complication of vertebroplasty. Spine 2006;31(12): 
E379–E382

[17]	 Esmende SM, Daniels AH, Palumbo MA. Spinal cord compression after 
percutaneous kyphoplasty for metastatic compression fracture. Spine J 
2013;13(7):831ð832

[18]	 Grelat M, Le Van T, Fahed E, Beaurain J, Madkouri R. Rare complication of per-
cutaneous technique: intradural cement leakage and its surgical treatment. 
World Neurosurg 2018;118:97

[19]	 Kulkarni AG, Shah SP, Deopujari CE. Epidural and intradural cement leakage 
following percutaneous vertebroplasty: a case report. J Orthop Surg (Hong 
Kong) 2013;21(3):365ð368

[20]	 Teng MM, Cheng H, Ho DM, Chang CY. Intraspinal leakage of bone ce-
ment after vertebroplasty: a report of 3 cases. AJNR Am J Neuroradiol 
2006;27(1):224ð229

[21]	 Wu CC, Lin MH, Yang SH, Chen PQ, Shih TT. Surgical removal of extrav-
asated epidural and neuroforaminal polymethylmethacrylate after per-
cutaneous vertebroplasty in the thoracic spine. Eur Spine J 2007;16 
(Suppl 3):326–331

[22]	 Jesse MK, Petersen B, Glueck D, Kriedler S. Eͣect of the location of endplate 
cement extravasation on adjacent level fracture in osteoporotic patients 
undergoing vertebroplasty and kyphoplasty. Pain Physician 2015;18(5): 
E805ðE814

[23]	 Jackson AR, Eismont A, Yu L, et al. Diͣusion of antibiotics in intervertebral 
disc. J Biomech 2018;76:259ð262

[24]	 Martinľiľ D, Brojan M, Kosel F, et al. Minimum cement volume for vertebro-
plasty. Int Orthop 2015;39(4):727ð733

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



37

4  Physical Examination Findings in Patients with Vertebral 
Compression Fractures
Scott Kreiner

Summary
Certain painful spine conditions justify a more prompt approach 
to imaging evaluation and the most common of these conditions 
is a painful vertebral compression fracture.  Although some frac-
tures heal and are not painful, others are persistently very painful 
and cause a substantial amount of discomfort and debilitation.  
Due to the signiþcant increase in morbidity and permanent loss 
of function, appropriate management of  vertebral compression 
fractures  (VCFs) is critically important.  VCFs typically involve 
the anterior column and cause pain with transition from one 
position to another.  In patients with profound osteoporosis 
VCFs can occur with very little force and the presence of one or 
more fractures progressively and dramatically increases the risk 
of sustaining additional VCFs.  The signs and symptoms of frac-
tures or back pain due to tumor or infections are called red ÿag 
conditions and must be recognized early to ensure prompt and 
appropriate treatment.  Additionally the typical presentation of 
an osteoporotic VCF should be known to facilitate prompt frac-
ture diagnosis.  The patients usually present with transitional 
pain when moving from one position to another and reliable 
physical examination signs of a painful VCF include pain with 
closed þst percussion and pain when lying supine.

Keywords: vertebral compression fracture, physical exami-
nation, osteoporosis, closed-þst percussion, post-procedure 
management

4.1  Introduction
It is known that the majority of spine pain is benign and will 
improve fairly rapidly. For this reason, most guidelines on 
the treatment of back pain generally recommend avoiding 
advanced imaging to reduce unnecessary expenditures and 
patient exposure to ionizing radiation. However, certain con-
ditions justify more rapid utilization of advanced imaging and 
early treatment. The most prevalent of these conditions is com-
pression fractures of the spine. These fractures occur when 
the bone is not of suͤcient strength to handle the axial load 
applied to the vertebral body. The most common causes of loss 
of vertebral strength are osteoporosis and neoplasms involving 
the spine. Other conditions including infection of the vertebrae 
and high-velocity trauma can also predispose to vertebral frac-
tures by weakening the vertebral body or by overwhelming the 
vertebral strength by force, respectively.

The incidence of VCFs has been rising over the last few dec-
ades, due to the rising age of our population. Many VCFs are 
asymptomatic and heal only to be identiþed incidentally on 
imaging studies. However, many of these fractures can cause 
severe pain and often become chronically painful, leading to 
substantial disability.1 In addition, the presence of multiple 
fractures, occurring over the course of months or years, may 
lead to hyperkyphosis with secondary decrease in pulmonary 

function, abdominal distention with early satiety leading to 
malnutrition, as well as increased mortality.2–​5 For these rea-
sons, diagnosis of VCFs, along with appropriate management, 
can improve health outcomes.

4.2  Presentation of Vertebral 
Compression Fractures
Compression fractures of the thoracolumbar spine typically 
result from a ÿexion-type injury. This results in a fracture of 
the anterior column (involving the anterior vertebral body and 
anterior longitudinal ligament), most commonly with a wedge-
type appearance (̀Fig. 4.1). The primary symptom of a com-
pression fracture is pain in the area of the fracture and pain 
with movement or transition from one position to another. 
Neurologic deþcits are very unusual in patients with osteopo-
rotic VCFs. The transitional pain usually manifests itself when 
patients go from a sitting to standing position or from a lying to 
sitting position and VCF-related pain also often causes diͤculty 
with standing and walking.6

As mentioned earlier, these fractures occur when the com-
pressive strength of the vertebral body is insuͤcient to tolerate 

Fig. 4.1  Lateral conventional radiograph of the thoracic spine 
shows a wedge-type vertebral compression fracture of the T7 
vertebral body (black arrow).

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



4  Physical Examination Findings in Patients with Vertebral Compression Fractures

38

the axial load applied to the vertebral body. In patients with 
osteoporosis or severe osteoporosis, even minor trauma such 
as a vigorous cough or sneeze, or even turning over in bed can 
cause a fracture. In fact, it has been reported that approximately 
30% of vertebral fractures in severely osteoporotic patients 
occur when the patient is in bed.7,​8 It has been hypothesized 
that the load in these cases results from paraspinal muscle con-
traction.9–​11 In patients with only moderate weakening of the 
vertebral body usually from osteoporosis, fractures typically 
occur with activities such as lifting, pulling, stepping down 
from an elevated height, or falling. In the absence of osteoporo-
sis, a severe axial load is typically required for fracture, typically 
as a result of a motor vehicle collision or a fall from substantial 
height. When compression fractures occur in patients younger 
than 55 years, or in an isolated vertebral body where fractures 
are uncommon (L5 or above T5), neoplastic involvement must 
be ruled out.12

VCFs are not always painful and are commonly detected only 
incidentally on imaging for other reasons. On occasion, multi-
ple compression fractures can result in a kyphotic deformity, 
which impacts the sagittal balance of the patient, causing them 
to fall outside of the cone of economy (̀Fig. 4.2).13 When this 
occurs, patients experience fatigue and pain resulting from 
biomechanical stresses and paraspinal spasm as a result of the 
increased work required to maintain an erect posture.14

4.3  Risk Factors
Certain health conditions increase the risk of VCF. Osteoporosis 
is the biggest risk factor. In fact, if bone mineral density is 
decreased by 2 standard deviations, then fracture risk is 
increased by four to six times.15 Of the remaining risk factors, 
many are also risk factors for osteoporosis. Certain risk factors 
represent activities and behaviors that the patient has control 
over and are therefore modiþable  (̀Table 4.1). These include 
alcohol consumption, smoking, estrogen deþciency, frailty, low 
body weight, insuͤcient physical activity, dietary calcium deþ-
ciency, and dietary vitamin D deþciency. Nonmodiþable risk 
factors  (̀Table  4.1) include advanced age, race  (Caucasian or 
Asian), female gender, susceptibility of falling, history of frac-
tures in adulthood, þrst-generation family history of fractures, 
and previous steroid treatment.16–19

Certain other historical features are also predictive of new 
compression fractures. The biggest is a history of prior com-
pression fracture, which has been shown to result in a þvefold 
increase in the risk of a new compression fracture.20,​21 In addi-
tion, patients with a history of two prior compression fractures 
have shown a 12-fold increase in fracture risk and patients with 
three or more vertebral fractures have a 75-fold increased risk 
of additional vertebral fractures.19–​21 These new fractures are 
most likely to be adjacent to or near the prior fractures and are 
most common in the mid-thoracic or thoracolumbar area.22

4.4  Red Flags
Primary care physicians are frequently taught in training to 
identify òred ÿagó conditions to assess the need for advanced 
imaging in patients presenting with back pain. There have been 
a number of studies looking at these red ÿags23–​33 in patients 
with back pain. While these þndings are similar to risk factors 
for osteoporotic compression fractures, the presence or absence 
of certain factors has been used to direct care. The most com-
mon red ÿags associated with compression fracture are the 

Fig. 4.2  The cone of economy. The þgure outlines the òstableó 
zone surrounding the individual that is conical in shape from the 
feet to the head. Deviation from the center within the zone results 
in greater muscular eͣort and energy expenditure to maintain an 
upright posture. Deviation of the body outside the cone results in 
falling or requiring support. H, head; P-L, pelvic level; P-S, polygon 
of sustentation.

Table 4.1  Risk factors of vertebral compression fractures16–​19

Modiþable Nonmodiþable

Osteoporosis History of prior compression 
fracture

Smoking (tobacco use) Age (>55 y)

Alcohol consumption Female gender

Inadequate physical activity Race (Caucasian, Asian)

Low body weight History of fractures in adulthood

Impaired eyesight History of compression fractures 
in þrst-degree relative

Frailty Dementia

Dietary calcium deþciency Susceptibility to falling

Dietary vitamin D deþciency

Estrogen deþciency

Early menopause

Bilateral salpingo-oophorectomy

Postmenopausal amenorrhea for 
more than 1 y
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following: advanced age (>70), female gender, night pain, low 
bone mineral density, recent weight loss, immunosuppression, 
chronic steroid use, and history of trauma.

4.5  Observational Findings 
Suggesting Compression Fracture
There are few studies evaluating patients who have a frac-
ture and what þndings are evident on physical examination. 
Postacchini et al34 evaluated pain-related behavior to determine 
if there were certain behavioral features that were prognostic 
of the presence of a painful compression fracture. In this study, 
patients with back pain were recorded on video and asked to 
take six consecutive positions on the examination table: to sit 
on the edge of the bed, to lie supine, to turn on the ÿank, to 
take the prone position, to turn again on the ÿank, and then 
to sit on the edge of the bed again. The evaluators then used 
six parameters to evaluate the patient’s behavior: grimacing, 
sighing, clenching or blocking their eyelids, gaping or strongly 
tightening their lips, asking for help by the examiner to take 
positions, and refusal, or extreme diͤculty in turning to the 
prone position. In this study, they found that demonstration of 
at least two out of six pain behaviors while performing the six 
consecutive position changes was highly sensitive and speciþc 
for the presence of a VCF (̀Fig. 4.3).

Langdon et al35 evaluated two physical examination þnd-
ings to determine if they were helpful in diagnosing the pres-
ence of an acute compression fracture. The þrst sign was the 
closed-þst percussion sign in which the examiner percusses 
the length of the spine while examining the patient’s face in 
a mirror. The test is positive when the patient complains of 
severe or sharp pain. In this series of 83 patients, closed-þst 
percussion had a sensitivity of 88% and a speciþcity of 90%. 

Additionally, Langdon et al evaluated the ability (or inability) 
of the patient to lie supine on the examination table. The test 
was positive when the patient was unable to lie on the table 
because of severe pain. This test showed a sensitivity of 81% 
and a speciþcity of 93%.
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Table 5.1  Commonly used medications for the management of the 
vertebral compression fracture

Medication Acute stage Subacute to chronic 
stage

Acetaminophen + +

NSAID + –

Muscle relaxant + –

Tramadol + +

Transdermal lidocaine + +

Opioid – +

Anticonvulsant – +

Abbreviations: NSAID, nonsteroidal anti-inÿammatory drug;  
+, available; ð, not available.

Summary
Vertebral compression fractures (VCFs) can result from oste-
oporosis, trauma, or neoplasm. Among these causes, the  
osteoporotic compression fracture is the most commonly 
encountered. Patients with compression fractures manifest a 
wide range of symptoms from being asymptomatic to hav-
ing excruciating pain. In general, if VCFs heal, the symptoms 
will improve in approximately 6 to 12 weeks; however, during 
this time, the health-related quality of life can deteriorate. 
Therefore, management of the patient’s symptoms including 
adequate pain control is needed. Nonsurgical treatment is the 
traditional þrst-line management for VCFs and medications 
may also be prescribed to maximize patient comfort along 
with other procedures such as vertebroplasty or kyphoplasty. 
Although relatively little data on the medical management 
of nonoperative management of osteoporotic VCF have been 
reported, experts recommend that the pain management 
should initially begin with acetaminophen and/or nonsteroi-
dal anti-inÿammatory drugs. Analgesics (including narcotics 
and tramadol), muscle relaxants, and transdermal lidocaine 
can also be used for pain control. Additionally, medications 
to control neuropathic pain can be used in patients with VCFs 
and accompanying foraminal stenosis or tumor invasion. 
Finally, VCFs occur predominantly in older patients, and phy-
sicians must be aware of the pharmacological properties of 
the medications and their eͣects on elderly patients.

Keywords: acetaminophen, analgesics, medical management, 
nonsteroidal anti-inÿammatory drug, nonsurgical manage-
ment, vertebral compression fracture

5.1  Introduction
Osteoporosis, trauma, or neoplasm can all lead to vertebral 
compression fractures  (VCFs). The osteoporotic compression 
fracture is the most commonly encountered type of fracture 
and the spectrum of symptoms vary widely from being asymp-
tomatic to having excruciating pain. Nonsurgical management 
is the traditional þrst-line management for VCFs. The goals of 
nonsurgical management are pain control, early mobilization, 
prevention of deformity, and functional restoration. In spite 
of the nonsurgical management of VCFs being fairly com-
mon, there are relatively little data on the clinical outcomes 
of nonoperative management of osteoporotic VCF that have 
been reported.1–​3 Additionally, the studies related to the cost-
eͣectiveness of nonsurgical management have also been sparse. 
In a retrospective, propensity score-matched study of vertebro-
plasty, kyphoplasty, and nonsurgical management for the treat-
ment of VCFs in 2,740 patients, vertebroplasty and kyphoplasty 
were identiþed to be signiþcantly costlier at 1-year follow-up, 
but at 2- and 4-year follow-ups, no signiþcant diͣerence in cost 
was found.4 Moreover, the American Academy of Orthopaedic 
Surgeons determined that the strength of recommendation 

of the opioids/analgesics for patients who have VCFs is incon-
clusive due to a lack of data.1 In practice, however, the medical 
management with or without bracing is usually recommended 
as the initial conventional treatment of VCFs.2 Although medi-
cations are often used with other therapies for the treatment 
of back pain, they remain the mainstay in the management of 
moderate to severe fracture pain.

VCFs usually manifest with nociceptive pain. However, 
when there is concomitant foraminal stenosis, severe spi-
nal canal stenosis, or tumor invasion, they may present with 
accompanying neuropathic pain. Neuropathic pain is a direct 
consequence of a lesion or a compressive irritation aͣecting 
the nervous system.5 It is not easy to treat and the informa-
tion available from randomized controlled trials upon which to 
base treatment in this matter is scarce. The management deci-
sions may therefore be based on the individual physician’s per-
spectives and experience with this condition. The medications 
to manage pain include acetaminophen, nonsteroidal anti-in-
ÿammatory drugs  (NSAIDs), analgesics  (including narcotics 
and tramadol), muscle relaxants, transdermal lidocaine, and 
adjuvant agents used to relieve neuropathic pain.6 Although 
the acute pain due to VCF is generally tolerable or gone within 
6 to 12 weeks, it is recommended that the pharmacological 
management be started with acetaminophen and/or NSAIDs. If 
pain does not decrease with the þrst-line medications, opioids 
can then be used (̀Table 5.1). Finally, VCFs are more frequently 
found in elderly patients, and physicians should be aware of 
the pharmacological characteristics of these medications along 
with the possible adverse eͣects associated with the them in 
this particular patient population.

5.2  Nonsteroidal Anti-
Inÿammatory Drugs
NSAIDs are the most commonly prescribed medications for the 
treatment of pain. They have antipyretic, anti-inÿammatory, 
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and analgesic eͣects; the latter two explain their use in patients 
needing treatment for pain. The mechanism of action of NSAIDs 
is the inhibition of the prostaglandin synthesis through the 
inhibition of the cyclooxygenase  (COX) enzymes  (COX-1 and 
COX-2), which cause anti-inÿammatory and analgesic eͣects. 
The COX-2 enzyme can be induced in some stressful condi-
tions, such as nerve injury. Several organs such as the central 
nervous system and the kidney express COX-1 constitutively.7 
NSAIDs that inhibit both COX-1 and COX-2 include aspirin, 
indomethacin, sulindac, diclofenac, ibuprofen, naproxen, and 
piroxicam. Those that selectively inhibit COX-2 include cele-
coxib, etoricoxib, and nimesulide.7 Although few studies have 
been published on the use of NSAIDs in patients with VCFs, 
there is some low-quality evidence that demonstrates imme-
diate- and short-term eͣects of NSAID on reducing the pain 
of VCFs.3 Additionally, in a systematic review of 65 random-
ized controlled trials of NSAIDs in diͣerent types of back pain, 
NSAIDs were more eͣective than placebo and acetaminophen. 
However, there was strong evidence that there were no diͣer-
ences between the eͣects of various types of NSAIDs including 
COX-2 NSAIDs.8 Additionally, in a systematic review of 13 ran-
domized controlled trials of NSAIDs in chronic low back pain, 
authors identiþed no diͣerence in eͤcacy between diͣerent 
NSAID types.9

NSAIDs have a variety of side eͣects on various organ sys-
tems including the cardiovascular system  (cardiovascular 
thrombosis, myocardial infarction, and stroke), the gastroin-
testinal tract (hemorrhagic gastric erosion and gastric ulcer), 
and the kidney (renal insuͤciency, sodium and water reten-
tion, hypertension, and edema). The risk factors for NSAID-
induced gastrointestinal complications include advanced age, 
history of ulcer, concomitant use of corticosteroids, high doses 
of NSAIDs, concomitant anticoagulants, serious systemic 
disorder, smoking, alcohol consumption, and concomitant 
infection with Helicobacter pylori.10 The risk of renal toxicity 
increases with chronic NSAID use, multiple NSAID use, dehy-
dration, volume depletion, congestive heart failure, vascular 
disease, hyperreninemia, shock, sepsis, systemic lupus ery-
thematosus, hepatic disease, sodium depletion, nephrotic 
syndrome, diuresis, concomitant drug therapy, and an age of 
60 years or older.11

Pharmacologically, COX-1 is involved in the formation of 
cytoprotective prostanoids and constitutively expressed in 
platelets and gastrointestinal tracts. Therefore, inhibition of 
COX-1 increases the risk of gastrointestinal bleeding. Gastric 
bleeding from preexisting gastric ulcers may also occur due to 
NSAID suppression of platelet aggregation.12 Although the exact 
mechanism is not fully understood, video capsule endoscopy 
has found that NSAID-induced enteropathy occurs in the small 
intestine as well as the large intestine.13 Moreover, the discov-
ery of COX enzyme, COX-1, and COX-2 led to the production of 
selective COX-2 inhibitors. Compared with nonselective COX 
inhibitors, the incidence and complications associated with 
gastrointestinal tract ulcers are reduced. In a comparative study, 
the risk of gastrointestinal adverse events was lower in patients 
treated with a COX-2 selective NSAID (celecoxib) than in those 
receiving a nonselective NSAID (diclofenac) with omeprazole.14 
Celecoxib was also associated with signiþcantly fewer small 
bowel mucosal breaks than ibuprofen plus omeprazole.15,​16 The 
preference for COX-2 selective agents to reduce gastrointestinal 

tract complications, however, has likely given rise to increased 
cardiovascular side eͣects. The worrisome complications dis-
covered by various studies resulted in the withdrawal of two of 
three COX-2 selective agents  (rofecoxib and valdecoxib). Only 
celecoxib remains in the market with warnings regarding its 
cardiovascular proþle.

The mechanism for the increase in cardiovascular risks 
is believed to result from an imbalance between pro- and 
antithrombotic prostaglandin. Thromboxane A2 is a platelet 
activator and vasoconstrictor, whereas prostacyclin (PGI2) is 
a platelet inhibitor and vasodilator. Platelet activity is main-
tained by the balance between thromboxane A2 eͣects on 
platelets and PGI2 eͣects on endothelium. Aspirin and non-
selective NSAIDs inhibit both COX-1 and COX-2 and decrease 
both thromboxane A2 and PGI2. Conversely, COX-2 selective 
NSAIDs reduce PGI2 synthesis without aͣecting thromboxane 
A2 synthesis.17,​18 The antithrombotic unbalance may thereby 
cause the increased cardiovascular risk. Nonetheless, the Food 
and Drug Administration  (FDA) announced labeled changes 
for all NSAIDs, both COX-2 selective and nonselective, that 
may have a similar cardiovascular risk. Consequently, patients 
without cardiovascular risk factors and low gastrointestinal 
tract risk can receive a monotherapy of an NSAID. However, 
patients with low cardiovascular risk without prophylactic 
aspirin but who are at high gastrointestinal tract risk should 
receive COX-2 selective NSAID or a traditional NSAID plus a 
proton-pump inhibitor.19

NSAIDs may also result in deterioration of renal function and 
renal failure. The mechanism of renal dysfunction is a decreased 
renal prostaglandin production, which leads to a reduction in 
renal blood ÿow and medullary ischemia.20 The renal proþle of 
NSAIDs is related to sodium retention and glomerular þltration 
rate changes. All NSAIDs have been associated with hyperten-
sion and edema, but most of these side eͣects improve with 
discontinuation of therapy.11

5.3  Acetaminophen
No studies have reported the eͤcacy of acetamino-
phen  (paracetamol) for the management of VCFs. Its usage 
is based on tradition, low economic burden, optimal gas-
trointestinal safety proþle, and uncommon side eͣects. 
Acetaminophen, known as paracetamol, is a p-aminophenol 
derivative with analgesic and antipyretic properties. The 
mechanism of action is not fully understood, but it is thought 
to act via central and peripheral mechanisms. Its ability to 
inhibit the central prostaglandin synthesis is similar to aspi-
rin, but its peripheral inhibition of prostaglandin synthesis is 
not signiþcant. Therefore, it lacks eͣectiveness for peripheral 
anti-inÿammatory inhibition compared to aspirin for pain-
ful, inÿammatory conditions.21 Doses of 600 to 650 mg are 
more eͣective than doses of 300 to 350 mg, but better eͣects 
are not reported above 1,000 mg, indicating an analgesic ceil-
ing eͣect.22 A dose of 2,600 to 3,200 mg per day is adequate 
as a chronic daily dose, but the overall dose of acetamino-
phen should not exceed 4 g/d.23 Nephrotoxicity may occur 
in relation to acetaminophen but less so than with NSAIDs. 
Acetaminophen is almost completely metabolized in the 
liver, and the minor metabolites in overdose are associated 
with hepatotoxicity.7
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5.4  Opioid Analgesics
Opioids are the most potent analgesics available and play an 
important role in the management of acute and chronic pain. 
Nociceptive pain is more responsive to opioid analgesics than 
neuropathic pain. In general, there is suͤcient evidence to 
suggest that opioid analgesia is safe and eͣective in treating 
patients with chronic low back pain for at least a short dura-
tion but should not be used chronically.24–​27 Although there 
is a lack of data and studies on nonsurgical management of 
VCFs, in a meta-analysis of study associated with nonsurgical 
management of osteoporotic compression fractures, the use of 
opioids  (tramadol, oxycodone, and tapentadol) showed a sig-
niþcant improvement in pain compared with the use of placebo 
or Chinese medicine.3 Opioids may be used in patients with 
inadequately treated pain that does not respond to the þrst-line 
medications. Opioid analgesia is usually continued until the 
acute pain is reduced, proper mobilization is possible, and no 
progressive deformity is conþrmed.

Opioids function by binding to ȼ-, Ⱥ-, and ȴ-receptors in the 
central and peripheral nervous system. They are G protein– 
coupled receptors that modulate ionic channels and intracellular 
pathways.28 Opioids are available in combination with NSAIDs, 
which have signiþcant opioid dose-sparing eͣects.29 Among 
the available opioids, meperidine is not appropriate due to its 
low oral bioavailability, potential metabolite accumulation, 
and toxicity with prolonged administration. Although opi-
oid has no ceiling eͣect, high doses increase the occurrence 
of adverse eͣects and increase the risk of overdose; thus, a 
practical ceiling eͣect should be accounted in the clinical prac-
tice. The side eͣects of opioids include constipation, urinary 
retention, nausea and vomiting, itching, sedation, decreased 
libido, cognitive blunting, and respiratory depression. Among 
those, constipation is the most common side eͣect. Therefore, 
a high-þber diet with a good bowel regimen should be advised, 
and often a laxative should be prescribed when using opioid 
therapy. The patients develop tolerance to some side eͣects of 
opioids, such as sedation, nausea, and respiratory depression, 
but not to other side eͣects including constipation, sweating, 
and urinary retention.

5.5  Muscle Relaxants
Muscle relaxants are a heterogeneous group of agents that 
mainly act on the central nervous system. Many patients with 
VCFs often present with muscle spasms, and muscle relax-
ants may be helpful in managing painful paravertebral muscle 
spasms. It is recommended that muscle relaxants be used only 
during the acute phase, and there is no information on the long-
term outcomes in chronic low back pain.30 The side eͣects of 
muscle relaxants include drowsiness, dizziness, dependence, 
and abuse in the long-term period.31

5.6  Calcitonin
A systematic review and meta-analysis on the use of calcitonin 
for the management of patients with recent osteoporotic verte-
bral fractures identiþed þve randomized double-blind placebo- 
controlled trials involving a total of 246 patients and suggested 
that calcitonin appears to provide a signiþcant improvement in 

pain control.32 Calcitonin may be helpful in facilitating earlier 
mobilization during the time of hospitalization.33 A number of 
mechanisms have been suggested to account for the analgesic 
action of calcitonin, including increased plasma Ȳ-endorphin 
release in the pituitary gland, decreased synthesis of prosta-
glandins or other humoral factors, modulation of pain percep-
tion through a central mechanism involving calcitonin-binding 
receptors in the central nervous system, and perhaps an effect 
on local pain mediators through calcitonin-binding sites in the 
periphery.32,​34

5.7  Transdermal Lidocaine
Although no randomized trial has reported that transdermal 
lidocaine is beneþcial for the management of patients with 
osteoporotic vertebral fractures, it is commonly used in the clin-
ical practice.6 The recommended maximum daily dose is three 
patches applied simultaneously every 12 hours. Transdermal 
lidocaine is not associated with side eͣects except for mild 
skin reactions. However, attention is required in patients who 
receive oral Class I antiarrhythmic agents (e.g., mexiletine) and 
in patients with severe hepatic dysfunction to avoid antagonis-
tic cardiac eͣects or toxicity.35

5.8  Bisphosphonate
Bisphosphonates have been used for reducing back pain related 
to acute vertebral fracture. In a randomized, double-blind 
controlled trial comparing intravenous pamidronate  (30-mg 
intravenous pamidronate daily for three consecutive days) and 
placebo, pamidronate provided rapid and sustained pain relief 
in patients with acute painful osteoporotic VCFs.36 In a com-
parison study of the analgesic eͤcacy of intravenous pamid-
ronate and calcitonin in osteoporotic VCFs, however, calcitonin 
was recommended because of no diͣerence in analgesic eͣect 
between groups and the low cost of calcitonin.37

5.9  Anticonvulsants
Anticonvulsants, including gabapentin, carbamazepine, and pre-
gabalin, have been traditionally used to treat chronic neuropathic 
pain. Although gabapentin was originally made as a structural 
analog of the inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA), it does not bind to GABA receptors and its mech-
anism is not fully elucidated. Its analgesic eͣect is likely to act 
on the ȱ2ȴ subunit of voltage-dependent calcium channels for 
which it has a substantial aͤnity and which are upregulated in 
the dorsal root ganglia and spinal cord after peripheral nerve 
injury.38,​39 Analgesic eͣects of gabapentin result from binding 
to and presynaptically inhibiting voltage-dependent calcium 
channels, preventing calcium inÿux, then inhibiting the release 
of excitatory amino acids such as glutamate from the presyn-
aptic terminals.40 Gabapentin has been shown to be eͣective in 
the treatment of a variety of chronic neuropathic pain. However, 
there is controversy regarding its therapeutic eͣect on acute 
pain and there has been no randomized controlled trial on the 
eͣect of gabapentin in acute painful VCFs. The use of gabapen-
tin may be appropriate for the patients who have coexistence 
of both nociceptive and neuropathic pain, such as foraminal 
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stenosis or tumor invasion. A meta-analysis showed that gab-
apentin signiþcantly reduced pain and decreased the opioid 
usage in patients who perioperatively received gabapentin,41 but 
there is little evidence in the literature regarding the use of anti-
convulsants in painful vertebral compressed fractures, and more 
research in this matter is needed to formulate evidence-based 
recommendations.

5.10  Conclusion
VCFs may result in serious pain and deteriorate patients’ 
health-related quality of life. Although the acute pain due to 
VCF is often alleviated within 6 to 12 weeks, it may persist 
and medical management of pain is recommended in both the 
acute and subacute phases. Pharmacological therapy should be 
started with acetaminophen and/or NSAIDs. Patients who do 
not respond to the þrst-line medications may be prescribed 
with opioids. Adjuvant medications can be added in patients 
who show signs of neuropathic pain. Physicians should be 
aware of the useful role and side eͣects associated with these 
medications to achieve the goals of optimal nonsurgical man-
agement, such as adequate pain control, early mobilization, 
prevention of deformity, and functional restoration.
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6  Approaches to the Vertebral Body
D. Mitchell Self, James Mooney, John W. Amburgy, and M.R. Chambers

Summary
Percutaneous vertebral augmentation procedures and vertebral 
body biopsy may be performed using a variety of unilateral or 
bilateral image guided approaches. The choice of approach will 
depend on many factors, including fracture level and vertebral 
morphology, as well as operator experience and preference. 
Herein, we describe the approaches along with the indications, 
risks and beneþts oͣered by each. As with any image-guided 
procedure, preoperative positioning of the patient and the ÿuo-
roscope is paramount and a detailed understanding of relevant 
anatomy is essential.

Keywords: vertebral augmentation, percutaneous, minimally 
invasive, transpedicular, extrapedicular, parapedicular, antero-
lateral, transoral, vertebral body biopsy

6.1  Introduction
The þrst vertebroplasty was performed in 1984 and then intro-
duced in the literature by Galibert et al in 1987.1 Polymethyl 
methacrylate (PMMA) cement was injected percutaneously via 
a transoral approach into a C2 vertebra that had been partially 
disrupted by an aggressive vertebral hemangioma. This injec-
tion of cement was eͣective in decreasing the patientõs pain 
and discomfort for an extended period of time. In spite of the 
fact that the þrst vertebroplasty was accomplished via a tran-
soral approach, this is currently one of the least commonly 
utilized approaches to the vertebral bodies that exist.

A posterolateral extrapedicular approach was subsequently 
used in the thoracic spine, but after cement leakage along the 
track of the needle induced a case of intercostal radiculopathy, 
the transpedicular needle approach was developed. With the 
transpedicular approach, the needle passed through the pedicle 
into the vertebral body and was thought to result in a lower risk 
of cement discharging posteriorly along the needle track.2

Since the introduction of vertebral augmentation procedures, 
many approaches have been explored to provide the safest and 
most eͣective treatment of pain and deformity resulting from 

many types of vertebral body compression fractures. In addi-
tion to the anterolateral procedure þrst described, approaches 
now include transpedicular, extrapedicular, parapedicu-
lar (̀Fig. 6.1), and modiþed extrapedicular and parapedicular 
approaches. In the cervical spine, the anterolateral approach 
has been employed  (̀Fig.  6.2). The transpedicular approach 
directs the needle through the longitudinal axis of the pedicle 
into the vertebral body. The parapedicular path enters the ver-
tebral body at the vertebral body/pedicle junction near the mid 
to superior point and traverses into the vertebral body without 
breaching the medial pedicle wall. Finally, the extrapedicular 
approach enters the vertebral body directly either just lateral 
to the transverse process at the level of the pedicle progressing 
horizontally into the vertebral body or accessing the vertebral 
body just anterior to the pedicle and just above the inferior end 
plate entering the vertebral body at a 45-degree angle. Both of 
these extrapedicular approaches are performed without pass-
ing through the pedicle. The choice of approach will depend on 
many factors, including fracture level and vertebral morphol-
ogy, as well as operator experience and preference.

6.2  Indications
The most common indication for percutaneous vertebral aug-
mentation is stabilization of a painful osteoporotic vertebral 
body compression fracture. Other common indications include 
fracture nonunion, pain from a primary tumor, osteolysis fol-
lowing malignant inþltration of a vertebra, pain from vertebral 
body involvement of an aggressive hemangioma, and a painful 
fracture resulting from osteonecrosis.3–9

6.3  Anatomy
Each vertebra consists of a body and a vertebral arch with artic-
ular, transverse, and spinous processes. The vertebral body 
consists primarily of cancellous bone and marrow encased 
by cortical bone at the margins, including the superior and 

Fig. 6.1  Basic approaches: (a) transpedicular, (b) parapedicular, and (c) extrapedicular. Dashed line indicates the longitudinal axis of the pedicle.
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inferior end plates. The vertebral arch consists of right and left 
pedicles (which connect it to the body) and right and left lami-
nae (̀Fig. 6.3). The transverse processes project laterally at the 
junction of the pedicles and laminae, and the dorsal or poste-
rior spinous process projects from the midline junction of the 
laminae. Postganglionic nerve roots exit bilaterally beneath the 
pedicle via foramina. Thoracic intercostal arteries and four pairs 
of lumbar arteries are located adjacent to the vertebrae.

6.3.1  Planning the Trajectory
The levels most commonly aͣected by vertebral compression 
fractures (VCFs) are at the mid-thoracic spine and thoracolumbar 
junction.10 Bony landmarks are not reliably palpable; therefore, 
surgical planning and execution is dependent on imaging. Size of 
the pedicles can be important in determining needle gauge and 
trajectory. The pedicle angle of entry to the vertebra determines 

the trajectory. In the thoracic spine, the angles are steeper (more 
anteroposterior [AP]) than in the lumbar spine; therefore, the 
extrapedicular, modiþed extrapedicular, or parapedicular 
approaches may be indicated. In addition to the normal anatomy, 
changes caused by the fracture will also dictate the approach. 
For example, compression of the superior end plate may require 
a more caudal trajectory, while an inferior end plate deformity 
may require a more cranial entry point and horizontal direction. 
In the case of a biconcave fracture, the needle entry and trajec-
tory should be equidistant from both end plates. A vertebra plana 
leaves little room for passage of a needle into the center of the 
vertebral body, but there is usually sparing of the more lateral 
portions of the vertebral body, which can be accessed despite 
prominent central compression. Breach of the vertebral pos-
terior margin by a fracture risks cement escape into the spinal 
canal, but previous authors have shown that these fractures can 
be treated very safely.11

Fig. 6.2  Anteroposterior (a) and lateral (b) ÿuoroscopic views of the cervical spine shows an 11-gauge needle entering the anterolateral C6 vertebral 
body from the patientõs right side (black arrows in a and b). Lateral ÿuoroscopic views of the cervical spine shows the needle in place in the anterior 
C6 vertebral body with the drill placed through the needle (white arrow in c) to create a channel for the inÿatable bone tamp (white arrow in d). 
Anteroposterior (e) and lateral (f) ÿuoroscopic views shown after injection of polymethyl methacrylate (PMMA) into the C6 vertebral body shows  
the radiopaque cement present within the vertebral body (white arrows in e and f). The vertebral augmentation kyphoplasty at C6 was performed 
due to a painful aggressive hemangioma. (These images are provided courtesy of Dr. Douglas P. Beall.)
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6.4  Bilateral versus Unilateral 
Approach
There are substantial data supporting the bilateral approach 
for optimal outcomes in vertebral augmentation with bal-
loon kyphoplasty; however, the unilateral approach may oͣer 
similar outcomes with reduced operative times and radiation 
exposure.

In a retrospective study of 296 patients with osteoporo-
tic VCFs, Bozkurt et al identiþed signiþcantly better height 
restoration following bilateral kyphoplasty compared to uni-
lateral kyphoplasty and vertebroplasty.12 The advantage of 
height restoration with a bilateral technique is also supported 
by a meta-analysis of þve studies that reported a short-term 
follow-up.13 Bilateral kyphoplasty had a signiþcantly (p = 0.03) 
better degree of anterior vertebral height restoration than uni-
lateral kyphoplasty.13

The unilateral approach was þrst introduced in an eͣort to 
overcome the challenge of visualizing superimposed cannulas 
and the second injection site in the lateral view. Depending 
on the fracture and vertebral morphology, pedicle size, pedi-
cle angle of entry, bone quality, and experience of the operator, 
the unilateral approach has been used with equal success and 
favorable outcomes.

When multiple levels are being treated, they are typically all 
cannulated before the injection, allowing the bone þll material 
to be mixed once and injected in short order. If the levels to be 
treated are contiguous and the distance between levels is rel-
atively small, the side of needle placement can be alternated 
for multiple unilateral approaches. This can signiþcantly reduce 
operative time and radiation exposure to the operator as well 
as to give more working space for the needles than the same 
procedure with all of the levels done from the same side.

Several large systematic reviews of randomized control trials 
have examined the diͣerences in height restoration, correction 
of kyphotic angulation, and patient ratings of pain associated 
with unilateral and bilateral approaches.

Favoring the unilateral approach, an analysis of 15 rand-
omized controlled trials including 850 patients by Yang et al 
found no diͣerence in quality of life or complications from 
surgery.14 Chen et al found that the unilateral approach resulted 
in a shorter operative time, a smaller amount of cement injected, 
and a lower risk of cement leakage.6 There was no statistically 

Fig. 6.3  Axial CT images of (a) lumbar, (b) thoracic, and (c) cervical vertebrae. (These images are provided courtesy of Dr. M. R. Chambers.)

signiþcant diͣerences in Visual Analog Scale pain scores, height 
changes, or kyphotic angle changes between the groups.15 
Papanastassiou et al found no diͣerence in clinical or radio-
logical outcomes in multiple myeloma patients treated with 
the unilateral approach.16 In a review of þve studies including  
253 patients, Huang et al found no clinically important diͣer-
ences but suggested that unilateral kyphoplasty is advantageous 
due to decreased operative time and cost.17 Similarly, in a sys-
tematic review and meta-analysis including 563 patients, Sun 
et al noted that the unilateral approach led to decreased surgical 
time, cement consumption, and cement leakage; reduced radi-
ation dose and hospitalization costs; and improved short-term 
general health.9 In a comparison between unilateral transverse 
process-pedicle and bilateral puncture techniques in percuta-
neous kyphoplasty, Yan et al noted that both bilateral and uni-
lateral approaches for kyphoplasty provide eͣective treatment 
for patients with painful osteoporotic VCFs.18 However, patients 
treated with the unilateral procedure received signiþcantly less 
radiation, had shorter operation time, fewer complications, and 
signiþcantly less cement leakage. In this study, the unilateral 
approach oͣered a higher degree of deformity correction, local 
sagittal angle, and vertebral body height restoration  (anterior 
and posterior). Although both techniques had the ability to 
restore vertebral height and to improve alignment, more post-
operative height was restored in the unilateral group. This was 
attributed to the bone cement distribution, which was placed 
mainly in the anterior and middle vertebral bodies.18

In the bilateral group, 10.5% of patients had obvious pain 
in the puncture sites at 1 month postoperatively. With local 
block treatment, the pain disappeared in all patients at the 
last follow-up.13 These complications were probably related 
to puncture technique as this issue has not been commonly 
reported. Compared with the bilateral technique, the puncture 
point of the unilateral technique was more lateral to the facet 
joint. Therefore, in the unilateral group, the violation of facet 
joint was rare and the bone cement was mainly distributed in 
the anterior and middle of the vertebral body.13 There was no 
statistically signiþcant diͣerence in pain relief and functional 
improvement between the two groups during the 12-month 
follow-up. Similar clinical outcomes were achieved with either 
treatment procedure.13

In general, based on the above manuscripts and analyses, 
the unilateral approach provides the advantages of reduced 
procedure time, costs, radiation exposure, and cement 
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leakage with improved short-term health. Kyphoplasty using 
a bilateral approach has been shown to provide signiþcantly 
less vertebral height loss over 2 years than the same proce-
dure performed via a unilateral approach.19 There appears 
to be no signiþcant diͣerence in pain reduction or quali-
ty-of-life improvement when comparing the unilateral ver-
sus bilateral approaches.18 Procedural complications, such 
as cement leakage, show varied results among studies and 
may be operator dependent and dependent on which imag-
ing modality is used to detect this extravasation as com-
puted tomography (CT) is more sensitive at detecting small 
amounts of extravasation as compared with plain þlm radi-
ography or ÿuoroscopy.

6.5  Imaging and Equipment
The procedure is guided with single-plane or biplanar ÿuo-
roscopy or, in some cases, CT. In our experience, ÿuoroscopy is 
suͤcient to identify the salient anatomy and aͣected vertebral 
bodies. If uncertainty remains about the fracture anatomy and 
extent of vertebral involvement, CT may be performed. Fracture 
age and anatomy can be assessed with magnetic resonance (MR) 

imaging.3,​20 Nuclear bone scan imaging may also be helpful in 
characterizing a fracture, although the anatomic detail is lim-
ited and the spatial resolution poor.

6.6  Procedure
As with any image-guided procedure, preoperative posi-
tioning of the patient and ÿuoroscopes is paramount. Either 
conscious sedation or general anesthesia may be performed, 
but most patients with VCFs have multiple comorbidities 
and conscious sedation would be preferred over general 
anesthesia in this fragile patient population. The patient is 
positioned prone with shoulder and pelvis/hip bolsters. All 
pressure points are padded. The lateral image should be 
a “true lateral” that demonstrates the posterior margin of 
the vertebral body, spinal canal, and an optimized view of 
superimposed pedicles. The adjacent vertebrae can be used 
as guides if there is signiþcant deformity of the fractured 
body. The AP view should be directed such that the spinous 
process is midline and both pedicles are visible and similar 
in size and shape and in the upper half of the incident ver-
tebral body  (̀Fig.  6.4). In this way, two-dimensional imag-
ing is used to guide a three-dimensional approach. Although 
we routinely use this ÿuoroscopic approach, some may pre-
fer the en face approach, a view straight down the pedicle 
that demonstrates a circle or oval outline of the edges of 
the pedicle for guidance  (̀Fig.  6.5). This requires a 10- to 
30-degree ipsilateral oblique angulation from the true AP. 
It is important to remember that the lateral imaging is used 
only for superior and inferior directional adjustments, while 
the AP image is only to be relied on for guidance with medial 
and lateral corrections.

All vertebral augmentation procedures require the establish-
ment of a working channel for delivery of cement or an implant. 
Each of the following approaches begins with a small (~5 mm) 

Fig. 6.5  Ipsilateral ÿuoroscopic view with a 25-degree ipsilateral 
angulation of the image intensiþer shows the en face view of the 
pedicle with the target located in the upper outer portion of the 
pedicle (white circle).

Fig. 6.4  (a) Anteroposterior and (b) lateral ÿuoroscopic images 
of a lumbar vertebra showing the spinous process in the center of 
the vertebral body on the anteroposterior (AP) view (black arrow) 
and the pedicles well seen and in the upper half of the vertebral 
body (white ovals in a). The posterior portion of the vertebral body 
is seen on the lateral view (black line in b) as is the pedicles, which 
are superimposed on one another (white arrow in b), indicating a 
direct lateral view.
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skin incision and the introduction of a Jamshidi-style nee-
dle to establish the working channel extending into the ver-
tebral body. An 11-gauge Jamshidi needle is generally used 
in the lumbar and lower thoracic spine. Smaller needles may 
be used in upper thoracic spine and as needed at other levels. 
Larger needles may be used in the lumbar spine or during the 
insertion of vertebral body implants. Needles are available in  
10- to 15-mm lengths.

6.6.1  Potential Risks and Management 
of Complications
Each approach is associated with a unique set of indications and 
risks as described. Common to many of the approaches are the 
risks of rib or transverse process fractures, infection, hematoma, 

pulmonary embolism, injury to surrounding organs, direct neu-
ral injury, and cement leakage with subsequent neural com-
pression requiring immediate access to personnel and facilities 
for surgical decompression.

6.6.2  Transpedicular Approach
The basic bilateral transpedicular approach is considered 
standard for percutaneous access to the lumbar and lower 
thoracic vertebrae  (̀Fig.  6.6). The transpedicular needle 
path oͣers protection for the surrounding tissues, including 
the postganglionic nerve roots, but is most likely to require 
bilateral needle insertion to accomplish proper balloon 
placement and adequate cement þll. In the upper thoracic 
spine, the transpedicular approach will not allow proper 

Fig. 6.6  Transpedicular approach for vertebral augmentation. (a) Anteroposterior (AP) and (b) lateral ÿuoroscopic images showing direct AP 
and lateral images with the appropriate bony landmarks labeled. These views will be common to any approach that uses AP and lateral views. 
The AP ÿuoroscopic view in (c) shows the pedicular targets at the 10 and 2 oõclock positions of the left and right pedicles, respectively, in the 
region of Kambinõs safe triangle. A line is drawn 1 cm superior and 2 cm lateral (d) and an incision is placed at this point (e) after the appropri-
ate needle starting point is ÿuoroscopically conþrmed. The needle is then directed to the upper outer pedicle (f) and inserted a few millimeters 
into the bone with a mallet prior to conþrming appropriate needle trajectory on the lateral view (g). The needle is advanced into the bone but 
before the medial wall of the pedicle is crossed (anteroposterior view in h), a lateral view is obtained to ensure the needle tip has entered into 
the posterior vertebral body wall (dashed line in i).
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medial placement of the instruments and balloons placed 
too laterally will not achieve proper fracture reduction and 
may result in violation of the lateral cortex before fracture 
reduction is achieved.

Following sterile preparation and conþrmation of appro-
priate imaging, the incision site just superior and lateral  
(1ð2 cm) to the target pedicle is determined  (̀Fig.  6.6). The 
surgeon must visualize the passage of a working channel from 
that site through the length of the pedicle and two-thirds of 
the vertebral body, ending at or near the midline. The imagined 
course must not enter or traverse the spinal canal. Corresponding 
lateral and AP landmarks along the course  (̀Fig.  6.6) will 
ensure that instruments do not stray from the planned trajec-
tory, risking injury.

Landmarks that must be identiþed include the pedicles, 
the spinous process, and the end plates (̀Fig. 6.6). In a true 
AP view, the spinous process will be midline and the pedicles 
will be seen as symmetric ovals equidistance from the pro-
cess and superimposed over the upper half of the vertebral 
body. End plates will be parallel (allowing for defects of the 
fracture). It is very important to locate these landmarks on 
true AP and lateral images before beginning (̀Fig. 6.6). After 
injecting local anesthetic, a small approximately 5-mm stab 
incision is made  (̀Fig.  6.6). The Jamshidi needle is intro-
duced and “docked” at the superolateral border of each pedi-
cle  (ò10 and 2 oõclock positionsóõ; ̀Fig.  6.6). Just as the AP 
imaging demonstrates this starting point (̀Fig. 6.6), lateral 
imaging should conþrm that the needle tip is at the posterior 
margin of the pedicle (̀Fig. 6.6). As the needle is advanced, 
it should reach mid-pedicle on both AP  (̀Fig.  6.6) and lat-
eral imaging. As the needle reaches the medial aspect of the 
pedicle as seen on AP imaging (̀Fig. 6.6), it should be seen 
in or near the posterior portion of the vertebral body on 
lateral imaging  (̀Fig. 6.6). The needle must not violate the 
medial pedicle wall, thereby entering the spinal canal and 
risking serious injury. After the Jamshidi needle is advanced 
via the pedicle into the vertebral body, a contralateral nee-
dle is placed if necessary. When performing a vertebroplasty, 
the needle(s) is/are advanced into the anterior one-third of 
the vertebral body and cement is then injected  (̀Fig.  6.7). 
During a balloon kyphoplasty procedure, the needles are 
place approximately 0.5 to 1.0 cm into the posterior portion 
of the vertebral body and then either a bone biopsy needle 
(if a biopsy is desired) or a drill is passed into the anterior 

portion of the vertebral body up to within 0.3 to 0.5 cm of the 
anterior vertebral body wall cortex (̀Fig. 6.8).

In the case of balloon kyphoplasty, the bone tamp (balloon) 
is inserted through the working channel and guided into the 
tract created by the drill  (̀Fig.  6.8). The radiopaque markers 
on the tamp are visualized distal to the cannula sheath on at 
least the lateral view (̀Fig. 6.8) but preferably both the AP and 
lateral ÿuoroscopic images. This procedure is repeated on the 
contralateral side and each bone tamp is inÿated  (̀Fig.  6.8) 
while being monitored with AP and lateral imaging. In the case 
of kyphoplasty, manometric controls are used to monitor the 
pressure of the balloons as they are inÿated in small increments 
to the intended pressure. The inÿation is done according to a 
combination of pressure, fracture characteristics, and balloon 
shape. The endpoint of balloon inÿation is achieved when 
any of the following occurrences are seen: fracture reduction 
achieved, maximum inÿation volume reached, maximum 
sustained balloon pressure achieved, cortical wall contact, or 
adequate cavity creation performed. The maximum balloon 
volume and balloon pressure will vary according to the balloon 
type and manufacturer.

After a void is created and height restoration is achieved as 
safely permitted, the bone tamps are removed and internal þx-
ation is achieved through a low-pressure injection of bone void 
þller (̀Fig. 6.8). After the cavity is þlled and there is adequate 
interdigitation of cement into the interstices of the surrounding 
cancellous bone, the cannulas are removed.

6.6.3  Extrapedicular and Parapedicular 
Approaches
The transpedicular approach is eͣective in most cases, but it 
is diͤcult to achieve percutaneous access in certain situations. 
Reduced pedicle width and AP pedicular angle of the mid and 
upper thoracic vertebral pedicles compared to lumbar verte-
brae often precludes a transpedicular approach in this area. 
Extrapedicular or parapedicular approaches are more appro-
priate for levels above T9. These approaches also accommo-
date placement of instruments too large for the transpedicular 
approach and can allow access to the vertebral body in a patient 
with existing hardware such as pedicle screws.21 The extrape-
dicular approach is also more appropriate for a fracture that 
results in depression of the superior end plate to a location 
below the point of pedicle entry.22

Fig. 6.7  Lateral ÿuoroscopic views showing the 
vertebral access needle placed into the anterior 
third of the vertebral body (black arrow in a) 
followed by injection of bone cement into the 
vertebral body (white arrows in b).
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Downward-angled ribs sometimes limit extrapedicular 
access in the thoracic spine and the entry point may require 
the needle to pass under the rib, immediately adjacent to the 
intercostal neurovascular bundle. Further, wide pedicles at 
the L5 level as well as the obstructing presence of iliac crests 
make the extrapedicular approach particularly diͤcult at 
this level. However, the favorable needle trajectory allowed 
by the extrapedicular approach allows for a consistent and 
predictable approach to the vertebral body.

In the parapedicular approach, the entry site allows estab-
lishment of a working channel that eͣectively traverses the 
anterior portion of the pedicle at the pedicle–vertebral body 
junction rather than traveling within the pedicle throughout its 
course. The size of the cannula is therefore not limited by the 
diameter of the pedicle and the entry point anterior to the pedi-
cle means there is decreased risk of pedicle fracture. Although 
this approach oͣers protection from medial canal breach at 
the pedicleðvertebral body junction, care must still be taken to 
avoid neural injury or injury to the pleura in the thoracic region 
given its more lateral entry point.23

6.6.4 Extrapedicular Modiþed Inferior 
End Plate Access
In 2016, Beall et al described a relatively avascular and aneu-
ral portion of the inferior vertebral body just anterior to the 
pedicle. They then treated a total of 96 thoracic and lumbar 
vertebral fractures using this extrapedicular modiþed inferior 
end plate access without any recognized clinical complications 
from the needle access or the instrumentation. This is an ideal 
approach when the vertebral body is very compressed superi-
orly or when a device larger than the size of the pedicle is to be 
inserted. The technique allows access around existing hardware 
and the authors noted that it could accommodate the place-
ment of large instruments.21

For this approach, the AP ÿuoroscope is angled 45 degrees 
oͣ midline for procedures involving the lumbar spine or 

30 degrees oͣ midline for procedures involving the thoracic 
spine for an oblique view (̀Fig. 6.9). The incision is made at 
a point just anterior to the pedicle, slightly above the infe-
rior end plate (̀Fig. 6.9). The needle is advanced to the bone 
and subsequently just into the vertebral body. At this point, 
the AP view should be checked to conþrm medial and lateral 
position  (̀Fig.  6.9). The lateral view will conþrm the nee-
dle tip to be in the middle to anterior third of the vertebral 
body. The needle should never go posterior to the pedicle on 
the oblique view, to avoid damage to the descending ventral 
ramus, and should never go into the paraspinal soft tissue 
adjacent to the thoracic spine without having the needle at 
a shallow angle to avoid damage to the pleura or entrance 
into the lung. An entry pint too far superior risks injury to 
the vertebral segmental artery. The operator should always 
line up the vertebral body in direct AP view  (̀Fig.  6.6a) 
before arcing 45 degrees oͣ midline in the lumbar spine and  
30 degrees in the thoracic spine to ensure the angle of entry 
is appropriate.21

6.6.5  Parapedicular Approach
The parapedicular approach is also known as the transcos-
tovertebral approach due to its course along the rib mar-
gin in the thoracic spine.24 The needle passes lateral to the 
pedicle rather than through it and angles more toward the 
center of the vertebral body than with the transpedicular 
approach. The costotransverse and costovertebral junctions 
in the upper thoracic spine typically direct the trajectory of 
the needle more ipsilateral, thereby making the access to the 
center of the vertebral body with a unilateral approach more 
diͤcult. It is a useful approach if the pedicle is very thin, dif-
þcult to see, or aͣected by tumor. The size of the needle is not 
limited by the diameter of the pedicle and the risk of pedicle 
fracture is decreased. There is an increased risk of paraspinal 
hematoma and a decreased ability to control postprocedural 
bleeding by local tamponade. In a retrospective evaluation, 

Fig. 6.8  Lateral ÿuoroscopic views showing the 
vertebral drill (black arrow in a) placed to within 
0.5 cm of the anterior vertebral cortex (black 
line in a). Lateral ÿuoroscopic view showing the 
balloon being inserted with the anterior and 
posterior radiopaque marker bands completely 
through the needle and into the vertebral 
body (black arrows in b). The marker bands 
show the proximal and distal boundaries of 
the noninÿated balloons. The balloon is then 
inÿated with contrast (black arrow in c) with 
subsequent reduction of the vertebral body. 
After the balloons are deÿated and removed, 
bone þllers are used to inject bone cement into 
the vertebral body (white arrows in d).

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



6.6  Procedure

53

Chiras and Deramond25 and Chiras et al26 reported parape-
dicular approach complication rates of 1% in patients with 
osteoporotic vertebral fracture and between 2.5 and 10% in 
patients with benign and malignant spinal tumors, respec-
tively. Despite this relatively high complication rate reported 
in the 1990s, more recent data were reported in 2007 with 
102 VCFs treated via a parapedicular access in patients 
between the ages of 17 and 96 with no nerve root injuries, 
hematomas, injury to spinal canal contents, or any other 
complications.22 To avoid needle injury, the surgeon must be 
aware of nearby intercostal arteries in the thoracic spine and 
four pairs of lumbar arteries. In the thoracic region, there is 
also risk of injury to the pleura and a subsequent pneumo-
thorax. As with the extrapedicular approach, wide pedicles 
of L5 level and occasionally the iliac crests make the parape-
dicular approach diͤcult at this level.22

6.6.6  Parapedicular Approach to the 
Vertebral Body
In 2007, to investigate and illustrate a variation on the tra-
ditional percutaneous access to the vertebral body via a 
parapedicular approach, Beall et al identiþed an eͣective 
parapedicular access technique that could safely and reliably 
guide the needle tip into the center of the vertebral body.22 
Developed from cadaver dissection observations for the pur-
pose of clinical use, a total of 102 VCFs from T4 to L5 were 
treated via this parapedicular access between July 2005 and 
March 2006. There were 72 patients between the ages of 
17 and 96 years (mean age: 68.2 years) who underwent treat-
ment. The cadaver dissection revealed a relatively avascular 
and aneural portion of the vertebral body along the supe-
rior margin of the vertebral bodyðpedicle junction. A total 

Fig. 6.9  The modiþed inferior end plate extrapedicular approach. The image intensiþer is angled 45 degrees ipsilateral for the lumbar spine 
(a) and 30 degrees ipsilateral in the thoracic spine (b). The entry point is identiþed just anterior to the pedicle and just above the inferior end 
plate (black circles in a and b). At that point, a small skin incision is made and the needle (white arrow in c) is inserted and held by a Kelly or 
Kocher clamp (black arrow in c). The needle is advanced into the center of the vertebral body and the þnal needle tip position is conþrmed on 
the anteroposterior and lateral views (black arrows in d and e, respectively).
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102 vertebral fractures were treated using this parapedicu-
lar access technique without any recognized clinical compli-
cations from the needle access or the instrumentation. This 
study showed that the thoracic and lumbar vertebral bodies 
may be safely, reliably, and reproducibly accessed using a per-
cutaneous parapedicular access technique.22

Using a line extending from the contralateral inferior 
corner of the VB through the ipsilateral superior corner, 
a point along this line that is approximately one vertebral 
body width beyond the lateral aspect of the VB is identi-
þed (̀Fig. 6.10).22 An incision is made at this point and the 
needle is the advanced inferiorly toward the vertebral body 
at a 45-degree angle (̀Fig. 6.10). If the approach is used for 
a thoracic vertebral body, the needle should be aligned with 
the medial rib insertion, as this allows passage adjacent to 
the costotransverseðcostovertebral junction, which is the 

path of least resistance to the center of the vertebral body. 
The operator should then look enface to ensure both proper 
needle trajectory and parapedicular location of the nee-
dle (̀Fig. 6.10). The operator can then return to the AP view 
and advance the needle along the selected trajectory. The 
needle tip should never cross the medial wall of the pedi-
cle in this view prior to penetration of the posterior cortical 
wall of the vertebral body (̀Fig. 6.10). An AP view should be 
obtained to verify needle trajectory and position and ensure 
the medial aspect of the pedicle has not been violated. After 
conþrming the needle tip is positioned within the posterior 
portion of the vertebral body, the needle can then be fur-
ther advanced to the desired location within the vertebral 
body. The proper location is veriþed when the needle tip is 
halfway across the vertebral body in both the AP and lateral 
views (̀Fig. 6.10).22

Fig. 6.10  (a) Parapedicular approach to the vertebral body. Anteroposterior (AP) view of the upper lumbar spine demonstrates a white line 
drawn from the contralateral inferior vertebral body corner (white arrow) to the ipsilateral superior vertebral body wall corner (white arrowhead). 
The line extends one vertebral body width (the distance between the black vertical hash marks) ipsilateral and superior to a point that serves 
as the skin entry point for parapedicular modiþed superior end plate access (black arrow). (b–g) The needle (white arrow in b) is advanced at 
a 45-degree angle to the upper outer portion of the pedicle (black arrow in c) at the pedicleðbody junction. An ipsilateral oblique view is then 
obtained and the ideal needle tip position is just anterior to the pedicle (pedicle outlined by white circle in d) and just superior to the superoin-
ferior midpoint of the pedicle (indicated by black dashed line in d). An AP view is then obtained (c) and the needle advanced. Prior to crossing 
the medial wall of the pedicle on the AP view, a lateral view is obtained to ensure that the needle tip has crossed the posterior vertebral body 
wall (black line in e). After advancing the needle into the vertebral body, the proper location is when the needle tip is halfway across the verte-
bral body in both the AP and lateral views (white arrows in f and g).
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6.6.7  Approaches to the Cervical Spine
Of note, more on the approaches to the cervical spine can be 
seen in Chapter 10 (Cervical and Posterior Arch Augmentation).

Vertebroplasty has been shown to be beneþcial for pain con-
trol and stabilization of multiple conditions aͣecting the cervi-
cal spine, including osteoporotic fracture, metastasis, aggressive 
hemangioma, and multiple myeloma.27ð​30 In the upper cervical 
spine, the cervical pedicles are small and the vertebral arteries 
are near, so transpedicular access is diͤcult. Several variations 
of approach to the cervical spine have been described since the 
procedure was introduced by Galibert et al. These include the 
anterolateral, transoral, posteroanterior, posterolateral, and 
anterior retropharyngeal approaches.

The anterolateral approach (̀Fig. 6.2), unlike the transoral 
approach, can be performed without general anesthesia or 
endotracheal intubation, and the risk of infection is also lower 
with the anterolateral approach. With manual retraction of 
the carotid artery and jugular vein laterally, the needle may be 
safely placed medial to the vessels.

The percutaneous inferior anterolateral approach involves 
placing a needle under the mandible (Chapter 10, ̀ Fig. 10.2). The  
needle is then directed cephalad and anteromedially into the 
vertebral body with manual traction of the adjacent vascu-
lar and nervous structures. This approach is technically chal-
lenging and risks injury to the vagal, spinal accessory, lingual, 
hypoglossal, marginal mandibular, and laryngeal nerves. The 
internal jugular vein and the vertebral and carotid arteries are 
also at risk.27,​31ð​33

Lykomitros et al described the minimally invasive open 
approach whereby a small incision is made along the medial 
border of the sternocleidomastoid muscle. The platysma mus-
cle is divided and the carotid sheath and sternocleidomastoid 
muscle retracted laterally. With ÿuoroscopic guidance and 
palpation of the airway, a guide pin is passed medial to the 
common carotid artery and advanced through the longus colli 
muscle and into the vertebral body. Positioning is guided by and 
conþrmed with AP and lateral ÿuoroscopic imaging.34

In 2017, Bao et al retrospectively analyzed data from 
nine patients treated with percutaneous vertebroplasty via 
the anterolateral approach to treat late-stage metastatic 

cancer to 22 cervical vertebrae (mean Tokuhashi score: 6.89 
Ñ 2.14).35 In each case, a small incision was made before a 
wire was passed medial to the sternocleidomastoid and 
carotid sheath and lateral to the esophagus and trachea. A 
working channel was established using the Seldinger tech-
nique. The mean volume of cement injected was 1.32 Ñ 0.49 
mL). The cement leakage rate was 63.6% (14 of 22 vertebrae 
treated). No serious complications were observed, while sig-
niþcant pain relief was noted. VAS decreased from 8.11 Ñ 1.45 
preoperatively to 2.22 Ñ 0.67) at 3 days after the procedure 
(p < 0.001).

High cervical vertebrae may be reached by using the ante-
rolateral approach, but it is relatively diͤcult at the C2 level. 
Tong et al described the transoral approach to C2 in a patient 
with multiple myeloma resulting in complete pain relief 
and stabilization of the involved vertebra. According to the 
authors, the beneþts of transoral vertebroplasty include  pre-
cise needle placement and decreased risk to adjacent neuro-
vascular structures.33 Clarençon et al have also reported their 
early experience with the transoral approach, used to access 
C1.36

Although the transoral approach reduces the risk of neu-
rovascular complications with a more direct route through 
the posterior oropharyngeal wall under ÿuoroscopic guidance 
into the VB of C2 (̀Fig. 6.11), the route carries an increased 
risk of infection and should not be used in patients receiving 
or expected to receive radiation therapy that might interfere 
with wound healing. It requires general anesthesia and may 
require manual cervical stabilization and/or þberoptic intu-
bation.31,​33,​37ð39 Both anterolateral and transoral approaches 
have been successfully used in the upper cervical spine 
and while eͣective, both have potentially life-threatening  
complications.32,​40ð​43

Wetzel et al described a technique for posteroanterior access 
to the lateral portion of C1 to treat osteolytic metastatic disease 
with precautions to protect the vertebrobasilar arterial supply.44 
Cianfoni et al have described a posterolateral approach to C1, 
also sparing the vertebral artery (VA), suggesting that it may be 
a therapeutic option in selected patients to avoid occipitocer-
vical fusion but requiring good understanding of the anatomy 
and rigorous technique to avoid potential complications.45

Fig. 6.11  Lateral ÿuoroscopic images showing the patient lying supine under general anesthesia and an endotracheal tube in place (black arrow 
in a). The needle was placed transorally into the anterior portion of the C2 vertebral body (white arrow in a) and cement (white arrow in b) was 
injected into the vertebral body via a bone þller (black arrow in b). Final lateral ÿuoroscopic images show cement þlling the C2 vertebral body 
and dens (white arrows in c).
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In 2015, a novel anterior retropharyngeal approach was 
described by Yang et al as an eͣective alternative when the tran-
soral approach is unsuitable or contraindicated. The approach 
involved passing the needle through the vertebral body of C2 
into the C1 lateral mass to treat metastatic osteolytic vertebral 
lesions at each level.46

6.7  Vertebral Body Biopsy
A percutaneous approach with intraoperative imaging is an 
excellent minimally invasive method of vertebral body biopsy, 
oͣering high accuracy and low complication rates for both tho-
racic and lumbar vertebral body lesions.47,​48 In our practice, we 
routinely collect biopsies during vertebral augmentation, believ-
ing that it is in the best interest of each patient to identify any 
cause of pathologic fractures for timely and appropriate subse-
quent treatment. The majority of fractures are attributed to oste-
oporosis, but other etiologies include multiple myeloma, primary 
and metastatic disease, and osteomyelitis.49 If infection is a con-
cern, specimen should be submitted for culture and sensitivity.

With the transpedicular approach, an 11-gauge vertebral 
biopsy introducer needle is advanced and inserted into the pos-
terior portion of the pedicle. It is important to appreciate the 
feel of the bone as bone aͣected by neoplasm, infection, or even 
osteoporosis may be softened, preventing reliable purchase and 
resistance. The introducer needle is carefully advanced through 
the pedicle by small, controlled, repetitive impacts with a mal-
let. The needle is advanced to the proximal edge of the lesion. 
The inner cannula is removed and biopsy needle advanced into 
the lesion. With gentle continuous aspiration from a 10- to 
20-mL syringe, the biopsy needle is removed. If more tissue is 
required, the inner cannula is replaced and the introducer nee-
dle may be moved to a new location for repeat biopsy. If ade-
quate specimen is obtained, the inner cannula is replaced and 
the introducer needle is removed under ÿuoroscopic guidance.

Diͣerent needle combinations may be used if it is diͤcult 
to obtain tissue. A soft-tissue core biopsy needle may be used 
through the outer bone needle. Some more resilient tissues 
may require the use of a high-speed drill. Coaxial technique will 
facilitate the use of diͣerent needles with diͣerent character-
istics through the outer bone needle in whatever combination 
that is necessary to obtain an adequate biopsy specimen.

Any of the approaches described in this chapter may be used 
to access the vertebra of interest and obtain tissue for biopsy.

6.8  Conclusion
Percutaneous access to the vertebral body may be used for 
vertebral augmentation procedures to safely and eͣectively 
treat traumatic, neoplastic, or osteoporotic fractures. This 
minimally invasive access also allows vertebral body biopsy 
when infection or tumor is suspected. The approach employed 
will be speciþc to the patient and determined by many factors 
including fracture level, vertebral morphology, bone quality, 
and operator experience and preference. Each approach has 
speciþc indications and contraindications.

Planning and preparation are essential. Transpedicular 
approach is standard and straightforward. Both extrapedicular 

and parapedicular approaches are easily planned using  
landmarks that are ÿuoroscopically identiþable and a trajec-
tory that places the entry point through relatively avascular and 
aneural tissues. Cervical anterolateral and transoral approaches 
have inherent risk of injury and, as with all approaches, require 
good understanding of the anatomy and rigorous technique. 
These approaches—in the hands of knowledgeable and skilled 
operatorsñare invaluable for safe and eͣective minimally 
invasive access to vertebrae for augmentation and diagnostic 
procedures.
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7  Properties of Bone Cements and Vertebral Fill Materials: 
Implications for Clinical Use in Image-Guided Therapy and 
Vertebral Augmentation
David Nussbaum, Adam Thakore, and Kieran Murphy

Summary
Bone cement or polymethyl methacrylate (PMMA) is the pri-
mary stabilizing material used for treating painful verte-
bral compression fractures (VCFs).  The PMMAs available are 
acrylic polymers comprised of diͣerent components that can 
be manipulated to maximize its utility in minimally invasive 
spine interventions.  In addition to PMMA, there is also another 
cement type comprised of self-hardening calcium phosphate 
cements (CPCs) that have been used to treat VCFs.  Unlike 
PMMA that hardens by a polymerization process converting 
methylmethacrylate (MMA) monomers to PMMA, CPCs dis-
solve with water into a paste that hardens at body temperature 
into hydroxyapatite (HA).  The advantage of CPCs are that they 
are biocompatible and are resorbed over time but the disadvan-
tages compared to PMMA is that they are diͤcult to inject, are 
weaker than PMMA, and are often too brittle to be used in high 
stress areas. Fill materials also include a glass ceramic tri-resin 
polymer that is hydrophilic, has lower exothermic tempera-
tures, and mimics the mechanical properties of bone. While 
the hydrophilic properties result in a greater amount of inter-
digitation into the bone and less material injected, it tends to 
extravasate more easily than the hydrophobic cements. Cement 
properties can be tailored to the appropriate use by varying 
the cement ingredients and can have other added components 
such as antibiotics and other radiopacifying agents. The future 
of bone cements is likely with the addition of bioactive materi-
als such as bioactive glass, bone morphogenic protein, platelet 
rich plasma, stem cells, and various growth factors to promote 
the osteogenic activity of the native bone and to improve the 
strength of the cement and its degree of bony incorporation.

Keywords: bone cement, polymethyl methacrylate, vertebral 
augmentation, osteogenic, calcium phosphate cement, verte-
broplasty, kyphoplasty

7.1  Introduction
Advances in image-guided therapy for vertebral fractures and 
other bone-related disorders have made acrylic bone cement 
an integral part of the interventional tool kit. This chapter 
focuses on the chemistry of bone cement polymerization and 
the properties of components in PMMA based polymers, the 
most commonly used bone cements in interventional proce-
dures such as percutaneous vertebroplasty (PVP) or vertebral 
augmentation. The eͣects of altering the concentration of the 
components such as MMA monomers, PMMA beads, benzoyl 
peroxide  (BPO) activator, N,N-dimethyl-p-toluidine  (DMPT) 
initiator, and radiopaciþers on the setting time, viscosity, 
polymerization temperature, and compressive strength of 
the cement are also considered. This information allows 
us to manipulate bone cement characteristics for speciþc 

applications and maximize the clinical potential of image-
guided interventions. Most commercial cement kits used by 
radiologists were originally designed for joint replacement 
surgery, not vertebral fracture therapy. Novel applications 
such as VP require modiþcations of standard boneðcement 
mixturesñadjustments that can be made only by understand-
ing the underlying chemical and material properties of these 
compounds. Our discussion will focus on the theoretical and 
practical aspects of polymerization chemistry, the basis for 
most bone cement solidiþcation.

7.2  Bone Cement Types
There are two main types of bone cements: polymers and 
self-hardening CPCs. Both types are þllers that stabilize joint 
implants or fractures, but neither is adhesive. Polymers are 
most commonly used because of their proven track record of 
safety and eͤcacy. They are based on the polymerization of 
MMA monomers to polymethyl methacrylate (PMMA), a com-
pound better known by the name Plexiglas. Unlike polymers, 
the þrst CPCs were developed in the late 1980s to remineralize 
early dental carries and were approved by the Food and Drug 
Administration for repairing cranial defects in 1996 as cavity 
void þllers.

The CPCs are potentially an ideal þlling material for VP 
and balloon kyphoplasty  (BKP) applications. CPCs function 
by a completely diͣerent chemical mechanism based on the 
solubility of reactants and products. Despite the large num-
ber of calcium phosphate  (CaP) combinations in diͣerent 
CPC systems, the setting chemistry is similar and involves 
dissolution and reprecipitation. Based on the nature of the 
end hydration product, which depends on the pH of the 
cement paste, Ca PO4 cements can be divided into two cat-
egories: apatite  (HA) or calcium-deþcient hydroxyapatite 
[CDHA], formed at pH > 4.2) and brushite  (dicalcium phos-
phate dehydrate [DCPD]). Due to the short setting time, low 
mechanical strength, and inferior injection characteristics, 
brushite cements only have limited clinical applications. 
When tetracalcium phosphate and dicalcium phosphate 
are mixed with water into a paste, HA  (the major mineral 
found in normal teeth) is rapidly formed and precipitates 
out of the solution, forming a hard mass at body tempera-
ture.1,​2 HA is a biocompatible material believed to be gradu-
ally replaced in vivo by new bone with no loss of volume.3,​4  
On the downside, the cement is diͤcult to inject against high 
backpressure, and the bone resorption properties may actu-
ally cause long-term weakening in patients with osteoporo-
sis. Additionally, it may be weaker than polymer cement5 and 
too brittle to be used for load-bearing applications. Because 
there are no long-term data for CPC technology, this review 
will focus on PMMA bone cements.
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The use of HA and CaP bone cements in an osteoporotic 
patient without the addition of anabolic parathyroid  (PTH) 
analog medication is probably not a sound concept. The addi-
tion of systemic PTH allows bone activation and anabolic bone 
stimulation to integrate these cements in a way that the inert 
elderly osteoporotic cannot achieve otherwise.

Cortoss is a glass ceramic combeite tri-resin polymer, an 
injectable, synthetic, nonresorbable biomaterial that mimics 
the mechanical properties of cortical bone.1 Cortoss has been 
clinically proven to match the safety and eͣectiveness of PMMA 
for VP and clinical trials with Cortoss report a low incidence 
of adjacent fractures,2 lower exothermic temperatures, and 
less monomer release than PMMA. The safety and eͤcacy of 
Cortoss has been demonstrated in three U.S. clinical inves-
tigations and multiple European studies.6,​7 In patients with a 
þrst-time fracture at one level, there was a 43% reduction in 
adjacent-level fractures in the patient population that used 
Cortoss.6 Compared to PMMA, Cortoss is more hydrophilic, 
which enables it to coat and augment the internal structure of 
the vertebral body. This interdigitating characteristic resulted in 
a 30% reduction in material injected when compared to PMMA 
in a controlled study. Despite the optimal characteristics allow-
ing the interdigitation of Cortoss within the cancellous verte-
bral body bone, the hydrophilic properties of the þll material 
make it prone to extravasation outside the vertebral body.

7.2.1  Polymer Chemistry
Before the speciþcs of bone cement are discussed, we will 
brieÿy review polymer chemistry. Polymers are large molecules 
composed of individual repeating units  (monomers). Proteins 
are classic examples of biologic polymers composed of smaller 
amino acid units.

Polymerization can occur by two diͣerent mechanisms: 
(1) in condensation reactions, a functional group on the mon-
omer reacts with a functional group on the growing end of 
the polymer, lengthening the chain and releasing an extra-
neous molecule  (̀Fig.  7.1)8 and  (2) in addition reactions, 
the polymer chain grows by reacting directly with the dou-
ble bond of a monomer and no extraneous molecules are 
created (̀Fig. 7.2).

Polymerization begins by the addition mechanism in which 
a monomer becomes unstable by reacting with an initiator, a 
volatile molecule that is most commonly a radical (molecules 
that contain a single unpaired electron). Radicals bond with 
monomers, forming monomer radicals that can attack the dou-
ble bond of the next monomer by the mechanism shown in 
̀Fig. 7.2, propagating the polymer chain.

Because radicals are so transient, initiators are often added 
in the form of an unreactive peroxide form that is stable in 
solution. Radicals are formed when heat or light cleaves the 

Fig. 7.1  Polymerization of Dacron polyester 
via a condensation reaction of dimethyl tere-
phthalate and ethylene glycol. Note that meth-
anol is released as a byproduct of the reaction.9

Fig. 7.2  Polymerization of polymethyl meth-
acrylate (PMMA) by an addition reaction. Note 
that the methylmethacrylate (MMA) monomer 
reacts with a radical to form a secondary radi-
cal that can attack the double bond of another 
MMA monomer.
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peroxide molecule. For applications in which high tempera-
tures are not practical (such as the use of bone cement in vivo), 
peroxide is cleaved by adding a chemical activator such as N, 
N-dimethyl-p-toluidine (DMPT; ̀Fig. 7.3).9

7.2.2  PMMA-Based Bone Cements
Bone cements polymerize by radical-initiated addition reactions. 
Most commercially available cements have two separate compo-
nents (̀Table 7.1): a powder containing prepolymerized beads 
of PMMA (or PMMA/styrene copolymer) and a liquid containing 
MMA monomer. The BPO initiator is incorporated into the pow-
der and the chemical activator (i.e., DMPT) is incorporated into 
the liquid, so peroxide cleavage and polymerization begin only 
when the two are mixed. To prevent spontaneous polymeriza-
tion during storage, the easily oxidized molecule hydroquinone is 
also added to the liquid. The DMPT cleaves BPO initiator at room 
temperature, forming a phenyl radical (̀Fig. 7.3) that attacks the 
double bond of the MMA monomer by the mechanism shown in 
̀Fig.  7.2. The growing polymer chains encapsulate the PMMA 
beads within a solid matrix.

Cement is made radiopaque by adding barium sulfate or 
zirconium dioxide compounds to the powder (̀Table 7.2).

7.3  Cement Properties
To design cements with predictable intraoperative and post-
operative behavior, we must understand how cement formu-
lation aͣects the polymerization and material properties of 
the solid. Like any heterogeneous mixture, the characteristics 
of the whole diͣer markedly from those of its components. 
For example, one cannot calculate a priori the porosity and 
strength of building mortar based solely on the properties of 
its various pebbles and þnely ground minerals. These individ-
ual particles form a complex intermolecular network whose 
characteristics can be identiþed only empirically. The eͣect of 
each component on the setting time, polymerization tempera-
ture, and material properties of bone cement is detailed in the 
following sections.

7.3.1  Liquid-to-Powder Ratio
Polymerization temperature and setting time can be stud-
ied by altering liquid-to-powder  (L/P) ratios. Clinically, these 
are key properties to control. Predictable setting time is crit-
ical intraoperatively to prevent solidiþcation before com-
pletion of the procedure. High polymerization temperatures 
are known to cause tissue necrosis and hinder the eͤcacy of 
joint prostheses.1 In spite of adverse eͣects of cement heat in 
some situations, highly exothermic cements can be preferen-
tially used in a patient with malignant disease and pathologic 
compression fractures to achieve local tumor kill. Exoþx is 
a cement that polymerizes to 88ÁC and was designed speciþ-
cally for this purpose. Early research showed that greater L/P 
ratios produce higher peak temperatures but increase setting 
time. One hypothesis was that, at high L/P ratios, an abun-
dance of monomers react exothermically, increasing the peak 
polymerization temperature. However, the high L/P ratio also 
decreases the relative concentration of the initiator (a compo-
nent of the powder), so the monomers are activated slowly, 

Fig. 7.3  Formation of phenyl radical by 
reaction of N,N-dimethyl-p-toluidine (DMPT) 
with the benzoyl peroxide (BPO) initiator. The 
phenyl radical goes on to react with methyl-
methacrylate (MMA) by the mechanism shown 
in ̀Fig. 7.2.

Table 7.1  Components of commercially available cement mixtures1

Powder

•	 PMMA beads
•	 Benzoyl peroxide (BPO)
•	 Radiopaciþer

Liquid

•	 MMA monomers
•	 Activator (DMPT)
•	 Hydroquinone 15–75 ppm

Abbreviations: DMPT, N,N-dimethyl-p-toluidine; MMA, methylmeth-
acrylate; PMMA, polymethyl methacrylate.
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every BPO concentration, peak strength occurred at a DMPT 
concentration of 1.4 mL per 100-mL MMA. The maximum 
value (105ð110 MPa) was achieved at a BPO-to-DMPT ratio of 
approximately 1:1. In a measure of durability, compounds con-
taining 2.0 g BPO and 1.4 mL DMPT withstood more cycles of 
stress loading before structural failure than samples containing  
2.0 g BPO and 4.9 mL DMPT.12 Optimizing the BPO-to-DMPT 
ratio for cement strength decreases setting time and may 
increase polymerization temperature.

7.3.3 Radiopaciþers
Radiopaciþers such as barium sulfate and zirconium dioxide are 
present in standard bone cement mixes at low concentrations. 
Additional opaciþers are often added for interventional proce-
dures such as VP, in which visibility is key. These heavy met-
als interrupt the polymerizing matrix and produce pores that 
can act as fracture initiation sites, diminishing overall cement 
strength with an unclear eͣect on polymerization temperature 
and setting time.14,​15 Adding 10% barium sulfate to Simplex P 
cement decreased tensile strength and fracture toughness by 
10%. As the percentage of barium in samples of Cranioplastic 
cement increased from 0 to 12.5%, tensile strength decreased 
10%, strain to failure (ability to compress before being destroyed) 
decreased by one-third, and the Young modulus (stress/strain, a 
measure of stiͣness) increased 20%.15

The eͣect of metal radiopaciþers on cement fatigue is less 
clear. Dynamic fatigue refers to the behavior of materials under 
repeated loads over time and is measured by applying a cyclic 
load with constant amplitude and measuring the number of 
cycles until failure.16 This is an important property for cement 
used in procedures such as VP in which vertebral bodies will 
be subjected to repeated loading and unloading of forces over a 
period of years. Although a number of studies have shown that 
barium decreases fatigue strength17 and increases crack growth 
rate,18 others report lower rates of fatigue crack growth with 
radiopaque cement.19 This discrepancy may be caused by the 
fact that the latter study was performed in water to simulate an 
in vivo environment, whereas the other studies tested cement 
samples in air.

Clinicians can enhance the structural integrity of radiopac-
iþed cement in a number of ways. First, there are indications 
that zirconium is superior to barium structurally and may be 
the agent of choice.15,​20 Second, homogeneity of mixed cement is 
key; failure to disperse barium particles evenly leads to fracture 
formation.21 Third, new cross-linking agents and preparation 
methods that enhance cement strength have been reported.15,​22  
Incorporating these concepts into cement formulations will 
minimize any loss of strength or durability from radiopaciþers.

7.3.4  Polymethyl Methacrylate Bead Size
The average diameter and size distribution of PMMA beads 
play an important role in the cure properties of bone cement. 
Aside from its structural role as a component of the cement 
matrix, PMMA beads serve as a heat sink—dissipating energy 
released by the exothermic polymerization of MMA monomers. 
Samples containing PMMA particles with larger mean diam-
eters and widespread distributions of particle size had lower 
peak polymerization temperatures and longer setting times.13,​23 

As particle diameter increased from 33 to 65 m and size range 
spread from 10 to 60 m to 10 to 140 m, peak polymerization 
temperature decreased from approximately 88 to 62ÁC and set-
ting time doubled to 10 minutes.13

Structurally, bead size and distribution has less impact. 
Although an increase from 33 to 55 m did cause compressive 
strength to increase from 128 to 149 MPa with 1% DMPT and 
from 103 to 152 MPa with 2% DMPT, other parameters includ-
ing elastic modulus and tensile strength were unaͣected.16 
Creep resistance, a measure of the ability to withstand a load, 
increased when larger PMMA particles were used and when 
larger MMA/styrene copolymer beads were substituted for 
PMMA beads.24 For this reason, many brands of commercial 
cement contain a large percentage of MMA/styrene copolymer 
in cement powder.

Therefore, use of PMMA beads with a larger mean diameter 
and wider size distribution has a number of beneþcial eͣects. 
Unlike the BPO-to-DMPT ratio, proper bead size allows maxi-
mization of setting time and decrease of polymerization tem-
perature without diminished cement strength.

7.4  Mixing Method
Aside from intrinsic factors related to composition, extrinsic 
factors such as mixing method have a large impact on cement 
properties. Depending on mixing technique, air may become 
trapped in the cement mixture, increasing porosity. Air weak-
ens the cement and provides an interface for fractures and 
cracks to develop. Although the two-solution cement dis-
cussed earlier is eͣective at decreasing porosity, almost all 
commercially available cement requires mixing powder and 
liquid. For these situations, vacuum mixing devices have been 
shown to reduce porosity by more than 44% compared with 
mixing with a bowl and spatula. Centrifugation may also be 
an eͣective method for limiting porosity. Cement cores man-
ufactured by centrifuging the powder/monomer mixture had 
increased fatigue life with greater consistency among diͣer-
ent samples than cores created with use of the bowl and spat-
ula mixing technique.25 Consistent preparation methods will 
ensure uniform results and prevent uneven mixtures with 
variable mechanical properties.

7.5  Antibiotics
Antibiotics are sometimes added to the cement powder before 
injection to minimize infection.26,​27 These additives, like barium 
sulfate and zirconium dioxide, can aͣect the mechanical prop-
erties of the bone cement. Research has shown that adding var-
ious types of antibiotics to bone cement, in quantities less than  
2 g per standard packet of bone cement, does not adversely 
aͣect some of the cementõs mechanical properties  (compres-
sive or diametrical tensile strengths), although quantities 
exceeding 2 g did weaken them.28,​29 These þndings were sub-
stantiated by another report that showed the addition of 0.5 g 
of erythromycin and 0.24 g of colistin to Simplex P was not det-
rimental to the cementõs fatigue properties.30

As with other additives, the addition of antibiotics to the 
cement has produced conÿicting results. In one study, the addi-
tion of 2 g of powdered gentamicin, oxacillin, or cefazolin to 60 
g of Simplex P or Palacos produced no statistically signiþcant 
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diͣerence in terms of short-term (<40 days) compressive and 
tensile strengths compared with the cement without pow-
dered antibiotics.31 However, another study found a signiþcant 
decrease in mechanical strength between cements mixed with 
250 or 500 mg of gentamicin in 6.25 or 12.5 mL of water and 
cements without aqueous antibiotics.29 Although these reports 
showed no deleterious mechanical eͣects from the addition of 
powdered antibiotics, provided the quantity was less than 2 g, 
other investigators have reported that compression strength 
was compromised by the addition of 2 g of antibiotics  (gen-
tamicin or Keÿin) per 60 g of Simplex P.32

One alternative, already used by some physicians perform-
ing VP or kyphoplasty, is the intravenous administration of 
antibiotics before vertebral augmentation,33 which avoids the 
risk of potential changes to the cementõs properties.

7.6  Pain Relief
Thermal necrosis of surrounding nerves was previously 
postulated as a mechanism of pain relief in VP. Research in 
laboratory animals indicates that thermal necrosis of bone 
tissue occurs when temperatures surpass 50ÁC for more than 
1 minute.34

Deramond et al35 measured temperatures at the anterior 
cortices, centers, and spinal canals of cadaveric vertebral bodies 
after bipedicular injections of Simplex P or Orthocomp (bisphe-
nol glycidyl dimethacrylate/bisphenol ethoxy dimethacrylate/
triethylene glycol dimethacrylate, a matrix composite cement 
reinforced with glass-ceramic), both of which were prepared 
according to the manufacturerõs speciþcations. They found 
that, at the central location, Simplex P injection was associated 
with signiþcantly higher temperatures and with temperatures 
exceeding 50ÁC for signiþcantly longer times  (61.8ÁC) than 
Orthocomp injection (51.2ÁC).35 However, measurements at the 
anterior cortex and spinal canal locations showed no signiþcant 
diͣerence between the two cements. In fact, at the latter loca-
tion, the temperature of cement did not exceed 41ÁC in either 
cement. The authors hypothesized that, given their results, it 
was unlikely the pain relief from VP was caused by intraosseous 
neural tissue damage.35

There is also additional evidence that pain relief from ver-
tebral augmentation is provided by the reestablishment of the 
mechanical stability of the vertebral body rather than by any 
neurolysis of intravertebral nerves. In a kyphoplasty study 
with information from the Swiss registry, cement volume was 
a signiþcant predictor for pain relief and the only operator 
modiþable variable.36 This study showed a clear doseðoutcome 
relationship between cement þlling volumes and pain relief and 
the authors recommended a minimum of 4.5 mL of PMMA to 
achieve durable pain relief.

The Investigational Device Exemption trial comparing 
Cortoss versus PMMA had nearly superimposable graphs show-
ing the mean Visual Analog Scale  (VAS) pain reduction for 
Cortoss and PMMA.6,​7 Given that Cortoss has little to no exo-
thermic reaction, it is very likely that all or most of the pain 
relief is caused by reestablished mechanical stability of the ver-
tebral body.

In unpublished data from a patient cohort treated by ver-
tebral augmentation with corticocancellous allograft bone, 
the mean VAS pain reduction scores decreased from 43 to 

22 after osseous augmentation with allograft bone only. 
The amount of allograft bone injected per patient averaged  
8.6 mL. This resulted in not only a pain decrease presumed to 
be from the increased mechanical stability but also a func-
tional increase with the Oswestry Disability Index decreas-
ing from 40 to 21.37

7.7  Bone Adherence
Conventional PMMA cements cannot adhere to existing 
bone,38 but this disadvantage may not be as pertinent for VP 
as for arthroplasty. Because the cement is injected directly 
into the bone, and not used as an adhesive agent as in arthro-
plasty, cement loosening may not cause any noticeable 
problems. Results of one study indicated that, at long-term 
follow-up  (average, 1.3 years) after VP with PMMA cements, 
the vertebrae were stable with respect to compression and the 
degree of kyphosis.39 Only 1 of 20 vertebral levels showed signs 
of cement compression; the remaining 19 showed no change 
in cement morphology.40 Another follow-up study (48 months 
after the procedure) showed no progression of vertebral defor-
mity after VP.38 However, if the cement loosens to such a degree 
that it compromises the structural integrity of the vertebral 
body, refracture of the vertebral body can occur around the 
injected cement.40

7.8  Bone Formation and Other 
New Developments
Although research has shown that PMMA cements cannot 
induce new bone formation,38 some new bone cements show 
promise not only in terms of bone growth but also in terms 
of improved physical and mechanical properties, which could 
be beneþcial for PVP. One recently developed cement consists 
of bioactive glass beads and a novel organic matrix of PMMA, 
which resulted in new bone formation around the beads and a 
signiþcant increase in bending strength compared with PMMA 
cement without the beads.40 Curing time and polymerization 
temperatures were not reported. Adding a glass-ceramic pow-
der and bisphenol-a-glycidyl methacrylate  (bis-GMA) resin to 
a PMMA-based cement has produced a bioactive acrylic bone 
cement that bonds directly to the bone after 4 to 8 weeks in vivo 
and has faster hardening times, lower curing temperatures, and 
signiþcantly better physical properties.41 In one study, investi-
gators measured the stiͣness and strength of fresh cadaveric 
thoracic and lumbar vertebrae injected with BoneSource  (an 
HA bioactive bone cement) or Cranioplastic  (a PMMA-based 
product) and then mechanically compressed.42 The vertebrae 
injected with Cranioplastic had signiþcantly greater strength 
compared with strength in the prefractured state, whereas 
those injected with BoneSource regained initial strength. 
However, both Cranioplastic and BoneSource resulted in a lower 
stiͣness in all vertebrae compared with initial measurements.42 
A similar comparison of Simplex P and BoneSource showed that 
both cements resulted in signiþcantly less stiͣness than in the 
precompressed states.5 However, Simplex P injections resulted 
in signiþcantly greater strength compared with prefracture 
measurements, whereas BoneSource restored the vertebrae to 
their initial strength.41 Despite these þndings, in vitro studies 
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comparing HA cements and PMMA products should be con-
ducted to determine which is more suitable for use in VP as 
the HA cement can show osteoconversion in the porous por-
tions of the cement at the bone or boneðcartilaginous junction 
without inÿammatory activity and absence of a þbrous capsule 
surrounding the cement.43 This may lead to a stronger bond to 
the native bone and increased durability over time.

Simplex P and Orthocomp were studied with respect to their 
ability to restore strength and stiͣness of the vertebral body.44 
After initial measurements of strength and stiͣness were made, 
mechanical compression was applied to osteoporotic cadaveric 
vertebral bodies posterior to the anterior wall.45 Vertebrae were 
then injected with Simplex P or Orthocomp and retested to 
determine their augmented strength and stiͣness. Injection 
with Simplex P or Orthocomp signiþcantly increased vertebral 
body strength compared with the initial measurements. Initial 
vertebral body stiͣness was restored by using Orthocomp, but 
vertebral bodies augmented with Simplex P were signiþcantly 
less stiͣ than in their precrush condition.46

Similar studies have compared a PMMA cement  (Palacos 
E-Flow) to a CaP experimental brushite cement  (EBC) with 
respect to strength and stiͣness.44 Osteoporotic vertebral 
bodies harvested from cadavers were measured, axially com-
pressed, injected with either Palacos E-Flow or EBC, and then 
retested for strength and stiͣness. Injections of PMMA and 
EBC increased the average stiͣness  (in osteoporotic verte-
brae only) by 174%  (range, 10ð159%) and 120%  (range, 108 
ð131%), respectively, and the average strength by 195% (range, 
26ð254%) and 113%  (range, 104ð126%), respectively. The 
study also showed that the cementsõ augmenting eͣects were 
proportional to the degree of þlling, although the correlation 
was weak.47

Novel work is underway with cements containing bone mor-
phogenic protein  (BMP), a protein that belongs to the trans-
forming growth factor  (TGF) superfamily and found in bone 
matrix.48 It is believed that BMP serves as a growth factor for 
adult articular cartilage matrix repair and synthesis. Although 
no work speciþc to PVP has been conducted, studies using 
BMP-impregnated cement implanted into bone have shown 
new bone or callus formation in a dose-dependent manner.48ð​50  
Additional research is required to determine what eͣect, if any, 
BMP has on the physical properties of the bone cement and its 
application in PVP.

7.9  The Future
PMMA bone cements usually lack suͤcient osteoinductivity. 
Therefore, various bioactive osteogenic agents can be added 
in order to promote new bone formation. The incorporation 
of bioactive materials has been shown to improve the bio-
logical performance of CPCs by promoting bone metabolism. 
Because they are porous, CPCs can be used as carrier agents 
for stem cells and growth factors. These growth factors can 
include bone morphogenetic proteins (BMPs), basic þbroblast 
growth factor  (bFGF), and vascular endothelial growth fac-
tor (VEGF). The growth factors may be mixed with CPC com-
ponents alone, or can be encapsulated within microspheres of 
chitosan, gelatin, or hyaluronic acid before incorporation into 
the CPC for best preservation of their bioactivity. Plasmids 
or small interfering RNAs (siRNAs) may also be incorporated 

into CPCs to achieve gene delivery to cells at the injection 
area. Recently, platelet-rich plasma (PRP), mesenchymal stem 
cells of umbilical origin, and autologous bone marrow con-
centrate have been used together with CPCs as autologous 
bone substitutes. Systemic subcutaneous or inhaled PTH in 
pulsed delivery mode has been shown in animals to augment 
CPC integration.

7.10  Conclusion
The percutaneous treatment of bone-related disorders is a 
fast-growing þeld within interventional radiology. We are 
beginning to expand beyond VP, performing cementoplasty of 
fractures and metastatic lesions in sites ranging from the ace-
tabulum to the scapula.51

Many of these indications could take advantage of bone 
cements with speciþc attributes. Whereas cement mixtures 
with very high polymerization temperatures are useful for 
painful pelvic metastases to maximize necrosis of the tumor, 
treatment of vertebral or other weight-bearing fractures may, 
conversely, require cements that can withstand greater stress 
and fatigue. For procedures that have limited access or require 
a speciþc needle size, the cement viscosity and setting time 
are key characteristics. The theoretical principles and practical 
data discussed earlier identify numerous ways to perfect PMMA 
bone cement for diͣerent indications.

Modifying cement characteristics is only the þrst step 
toward improving patient health. Research is needed to deter-
mine which material properties are clinically relevant for each 
procedure. Bone cement strength may not be critical for most 
procedures, compared to other characteristics such as setting 
time and polymerization temperature. In fact, arguments could 
be made that weaker cements may be more beneþcial for pro-
cedures such as VP. These questions would best be answered 
by studies and nationwide registries correlating cement for-
mulation with long-term clinical outcomes. This would lead 
to the establishment of guidelines describing the safest and 
most eͣective formulations of bone cement for speciþc types 
of procedures.

Like any procedure, percutaneous treatments of bone dis-
ease such as VP are not immune to complications. Most prob-
lems are caused by the extravasation of bone cement into the 
spinal canal and venous system. Bone cement preparation may 
be one source of the problem. Cement that is too ÿuid or has a 
long setting time, for example, is more likely to escape its site 
of injection. By understanding the principles described in this 
review, these pitfalls can be avoided. Just as practitioners must 
understand the mechanism of action before prescribing a drug, 
interventional radiologists must have intimate knowledge of 
bone cement before injecting a compound that can be poten-
tially fatal when used incorrectly.

7.11  Pearls
•	When it comes to cement injection into a vertebral body, see it 

like an embolization of a venous space with a liquid polymer.
•	You can always do more; you can never do less.
•	This is civil engineering; think of the load distribution.
•	 If your little voice tells you to stop the injection, stop.
•	Optimistic happy patients do better.
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Summary
Vertebroplasty is a minimally invasive procedure that involves 
the injection of bone cement or other injectable þll material 
into vertebral compression fractures, with the aim of providing 
pain relief and improving functional status. Vertebroplasty is 
generally performed in the thoracic, lumbar, and sacral spine. 
Cervical vertebroplasty may also be performed but is less com-
mon. Most procedures are performed for osteoporotic vertebral 
compression fractures that are refractory to nonsurgical man-
agement, or for neoplasm-related fractures from metastatic dis-
ease, or multiple myeloma. Failure of nonsurgical management 
may be considered to have occurred when severe back pain or 
signiþcantly compromised mobility persists following medical 
therapies, or when unacceptable adverse eͣects such as confu-
sion or sedation occur with the analgesic doses required to alle-
viate pain. The essential equipment required for vertebroplasty 
includes the vertebroplasty needle system and bone cement. 
While multiple types of cement and osseous þll materials are 
commercially available, polymethyl methacrylate  (PMMA) 
remains the most widely used. Analgesia and antibiotic pro-
phylaxis are typically utilized for the procedure. Image guid-
ance is vital for all vertebroplasty procedures, with ÿuoroscopy 
and/or computed tomography recommended as the imaging 
modalities of choice. This chapter outlines a practical guide to 
the procedural and the technical aspects of vertebroplasty. A 
description of the equipment required, þll materials utilized, 
considerations for performing cervical vertebroplasty, and opti-
mal postprocedure care are discussed.

Keywords: vertebroplasty, vertebral compression fractures, bone 
cement, percutaneous, osteoporosis, metastasis, ÿuoroscopy

8.1  Introduction
Vertebroplasty is a percutaneous minimally invasive, image-
guided procedure that involves the injection of bone cement 
into a fractured vertebral body  (̀Fig.  8.1). Most vertebro-
plasty procedures are performed for osteoporotic vertebral 

compression fractures  (VCFs) that remain symptomatic fol-
lowing failure of nonsurgical management  (NSM). Procedures 
are also performed for pathologic fractures, in particular for 
osteolytic metastases, multiple myeloma, or vascular tumors. 
Failure of NSM can be deþned as persistent pain to the extent 
that mobility or activities of daily living are substantially com-
promised, or when unacceptable adverse eͣects, such as con-
fusion or sedation occur due to high analgesic doses required 
for pain control. The goals of vertebroplasty are pain relief, 
improved mobility and functional status, and restoration of 
vertebral height and stability. Image guidance is essential for 
all vertebroplasty procedures, with ÿuoroscopy being the pri-
mary recommended method of imaging guidance due to its 
capacity to provide rapid image acquisition and ability to pro-
duce continuous real-time monitoring during cement injection. 
Vertebroplasty may also be performed using computed tomog-
raphy (CT) guidance either with or without ÿuoroscopy or CT 
ÿuoroscopy.

This chapter will review the technical aspects of percutane-
ous vertebroplasty, the materials required, and suggested post-
procedure care.

8.2  Anatomic Features
Vertebroplasty requires a robust understanding of spinal anat-
omy as viewed on ÿuoroscopy. In the anteroposterior (AP) pro-
jection, the vertebral body is visualized as a rectangular-shaped 
bone with the superior and inferior borders located adjacent to 
the adjacent intervertebral disks. The ovoid pedicular margins 
are viewed medial to the lateral margins of the vertebral body. 
The medial and inferior cortices of the pedicle should be noted, 
as these are critical landmarks for planning and maintaining a 
safe needle trajectory. A true AP position is obtained by aligning 
the spinous processes midway between the pedicles. In the true 
lateral projection, the end plates and posterior margin of the 
vertebral body are sharply deþned with the ribs superimposed.1

Cement leakage outside the vertebral body can occur, 
although the vast majority of leaks are limited and are  

Fig. 8.1  (a, b) Vertebroplasty involves the 
percutaneous insertion of a needle into the 
vertebral body, followed by the injection of 
cement.
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asymptomatic.2–​4 It is important to appreciate the posterior 
margin of the vertebral body on the lateral view and care-
fully observe for posterior leakage during cement injection. 
Maintaining a safe margin of 3 to 5 mm from the anterior bor-
der of the vertebral body also avoids damage to key structures 
anterior to the vertebral body, such as the aorta, inferior vena 
cava, and other retroperitoneal structures. Intradiskal leakage 
can be visualized as the cement extends through the superior 
or inferior end plates of the vertebral body.

8.3  The Procedure
8.3.1  Procedure Materials
Many forms of vertebroplasty needles are commercially avail-
able. Typically, needles are hollow, straight, and range from 
10 to 15 gauge in caliber. Smaller systems may be necessary 
in small pedicles or in the upper thoracic or cervical spine. 
Needle tips are available in diamond-shaped, single-beveled, 
or multibeveled designs. The diamond-tip needle conþguration 
provides optimal ease of needle penetration into cortical bone. 
Beveled needles have superior control and maneuverability, 
and are useful for changing the needle direction according to 
which direction the bevel is oriented. Curved needle systems 
have been recently developed that possess the ability to arc 
up to 90 degrees, allowing access to sites that are diͤcult to 
reach with straight needles. Polymethyl methacrylate (PMMA) 
remains the most common bone cement utilized.5 The majority 
of vertebroplasty procedures are performed using ÿuoroscopic 
guidance. The procedure room should include equipment for 
patient monitoring, including electrocardiography, blood pres-
sure and pulse oximetry, and cardiopulmonary resuscitation 
equipment. Patients commonly receive local anesthesia and 
moderate conscious sedation, as well as prophylactic antibiotics 
prior to the procedure. Preprocedural imaging should be avail-
able to ensure treatment of the correct vertebral levels. In the 
rare event of symptomatic complications during the procedure, 
it is important to have rapid availability of CT and magnetic 
resonance imaging  (MRI) facilities. Modern ÿuoroscopic units 
may also have on-table cone beam CT functionality that can be 
useful in large or obese patients where ÿuoroscopic landmarks 
may be diͤcult to identify or where intraprocedural complica-
tions are suspected.

8.3.2  Sedation and Anesthetic 
Preparation
Analgesia is necessary for all vertebroplasty procedures. For the 
majority of patients, this is achieved by using a combination of 
local anesthetics (e.g., lidocaine and bupivacaine) and moderate 
conscious sedation (e.g., intravenous fentanyl and midazolam). 
The skin, subcutaneous tissues, and periosteum along the nee-
dle tract and at the bone entry point should be thoroughly 
inþltrated with local anesthetic to minimize pain. Some mild 
discomfort may be expected as the needle traverses periosteum 
during the initial cortical penetration. Additional discomfort 
may occur when the PMMA is injected; in these cases, addi-
tional intravenous analgesics may be required. The advantage 
of conscious sedation is it allows feedback from the patient, 
such as worsening pain or neurologic dysfunction, which may 
alert the operator to potential complications. However, general 

anesthesia may be required in some cases, such as in those with 
severe pain, high doses of opioid analgesia, or those at risk of 
cardiopulmonary complications from prone positioning. All 
cases require continuous monitoring of blood pressure, heart 
rate, and oxygen saturations. Patient monitoring and sedation 
are performed by the proceduralists, anesthesiologists, anes-
thetic nurses, or other certiþed nursing personnel. For patients 
with signiþcant preprocedure cardiac or respiratory disease, 
evaluation by an anesthesiologist may be required to determine 
the requirements for additional monitored anesthesia care. In 
all patients, fasting from food and drink is required for at least 
4 to 6 hours prior to the procedure.

8.3.3  Positioning
Thoracic and lumbar vertebroplasty is typically performed with 
the patient in the prone position. However, it is acceptable to 
allow the patient freedom to place themself in a prone oblique 
position to improve their comfort during the procedure. This 
may introduce approximately 10 to 15 degrees of obliquity. 
Cushion support should be applied under the upper chest and 
pelvis  (̀Fig. 8.2). This promotes patient comfort, allows clear 
access to the spine, reduces kyphosis, and maximizes exten-
sion of the fractured vertebral segments, which may widen and 
allow cement penetration.6 The patient’s arms should be placed 
toward the head to keep them out of the path of the ÿuoroscope 
beam. Analgesia should be considered prior to positioning the 
patient, as transfer from the bed to operating table may be pain-
ful. Particular care should be taken when positioning those who 
are elderly or have advanced osteoporosis or myelomatous inþl-
tration, as transfer may result in new vertebral or rib fractures.

8.3.4  Antibiotic Prophylaxis and Skin 
Preparation
While no clear data currently support or opposes prevertebro-
plasty administration of antibiotics in nonimmunocompromized 
patients,7 there are reports of postprocedure spinal infections 
that are rendered diͤcult to treat due to the use of PMMA 
cement.8,​9 Prophylactic antibiotics are thus commonly used. 
Typical regimens include intravenous doses of cefazolin (1–2 g), 

Fig. 8.2  Setup of the procedure room for a vertebral augmentation 
procedure. Note the cushion supports prepared on the procedural 
table for prone positioning.
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or clindamycin (600 mg) in patients with penicillin allergy and 
gentamycin (80–160 mg). Infection risk is further minimized by 
following standard operating room guidelines for sterile skin 
preparation, draping, and operator scrubbing.

8.3.5  Needle Placement
The vertebroplasty needle is advanced via a small incision, 
through the skin and subcutaneous tissues and into the target 
vertebra. It is critical to maintain a needle trajectory that is lat-
eral to the medial cortex and superior to the inferior cortex of 
the pedicle prior to entry of the needle into the posterior por-
tion of the vertebral body. This prevents passage of the needle 
into the spinal canal or neural foramen, lowering the risk of spi-
nal cord, cauda equina, or nerve root injury. Ideally, the þnal 
needle position should be at the midline of the vertebral body 
or tumoral target.

In thoracic and lumbar vertebroplasty, the needle may be 
placed via a transpedicular or parapedicular approach (̀Fig. 8.3). 
A transpedicular approach involves advancing the needle from 
the posterior surface of the pedicle, through the entire length of 
the pedicle, and into the vertebral body. This long intraosseous 
pathway protects the postganglionic nerve roots and surround-
ing soft tissues. This approach also provides a clear anatomic 
landmark for the operator that allows access from the skin into 
the vertebral body. However, the pedicle conþguration can limit 
the ability to achieve an optimal þnal needle tip position. The 
parapedicular approach may permit a more medial placement 
of the needle tip, and is particularly useful when treating ana-
tomically smaller pedicles, such as in the thoracic spine. The 
needle is directed along the lateral surface of the pedicle, pene-
trating the vertebral body at its junction with the pedicle.

Vertebroplasty can be performed with placement of bilat-
eral needles or a single unilateral needle.10 The aim in either 
approach is the midline spread of cement across the vertebral 
body from the superior to the inferior end plate. A single nee-
dle is often suͤcient to achieve this. If the midline position is 
diͤcult to achieve due to anatomic constraints, a second nee-
dle may be placed on the contralateral side. When performing 
vertebroplasty, there is little diͣerence in the clinical outcomes 
achieved with unipedicular versus bipedicular approaches and 
there are advantages to each approach.11 The primary beneþts 
of a unipedicular approach include reduced procedure time, 

elimination of the risks associated with placement of a second 
needle, and lower rates of cement leakage.12 The main advan-
tage of a bipedicular approach is the capacity to inject a greater 
cement volume.13,​14

8.3.6  Image Guidance
Vertebroplasty is typically performed using ÿuoroscopy. 
Advantages of ÿuoroscopic guidance include real-time needle 
positioning and adjustment, and the capacity for continuous 
monitoring during cement injection. The use of biplane ÿuo-
roscopy  (two perpendicular image detectors used simulta-
neously) permits swift alternation between imaging planes 
without the necessity to move equipment or realign the pro-
jection. Alternatively, a single C-arm may be used with views 
obtained in both the AP and lateral views by simply rotating the 
C-arm. The goal with both types of ÿuoroscopic units is to keep 
the procedure time to a minimum, to adequately visualize the 
progress and results of the procedure, and to keep the radiation 
dose as low as possible. For either transpedicular or parapedic-
ular approach, there are multiple image guidance strategies, 
typically an AP view, or a “down-the-barrel” (end-on) view. The 
latter technique uses ipsilateral oblique rotation of the image 
intensiþer to place the ÿuoroscopy beam, pedicle, and needle 
tract parallel to each other. CT may be used as an adjunctive 
tool. This cross-sectional imaging modality has superior con-
trast resolution, and is thus useful for the detection of small 
cement leaks and, with CT ÿuoroscopy, allows for continuous 
real-time monitoring of needle and cement placement.15,​16

8.3.7  Needle Insertion
The following description assumes the use of ÿuoroscopy for 
image guidance:
•	Rotate the image detector to a true AP position by aligning 

the spinous process in the midline between the pedicles.
•	Center the pedicles within the superior one half of the 

vertebral body or overlying a compressed vertebral body by 
adjusting the craniocaudal angulation. Use the lateral ÿuoro-
scopic view to assist in determining the correct craniocaudal 
adjustment required.

•	For the end-on view, rotate the image detector approxi-
mately 20 to 30 degrees ipsilateral to the target pedicle, so 
that the medial cortex of the pedicle is at the middle third 

Fig. 8.3  Transpedicular and parapedicular 
approaches to the vertebral body. (a) The 
transpedicular approach takes the needle from 
the posterior surface of the pedicle, through 
the pedicle’s length, and into the vertebral 
body. (b) The parapedicular advances the 
needle along the lateral surface of the pedicle, 
and penetrates the vertebral body at its 
junction with the pedicle. This approach may 
achieve a more medial position of the needle.
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of the vertebral body. The vertebra adopts the “scottie dog” 
formation. Place the needle “end on” to the image detector, 
matching its angulation such that it appears as a dot.

•	Plan the trocar trajectory. For the transpedicular approach, 
target the lateral margin of the pedicle, with an entry posi-
tion at the 2 to 3 o’clock position of the right pedicle or at the 
9 to 10 o’clock position of the left pedicle. For the parape-
dicular approach, the optimal entry position is just lateral to 
the transpedicular approach position. Preliminary planning 
of the needle trajectory and prediction of the ultimate 
route (̀Fig. 8.4) allow operators to make alterations as the 
needle is advanced.

•	Anesthetize the skin, subcutaneous tissues, and perioste-
um along the expected needle tract and bone entry point 
with subcutaneous lidocaine or bupivacaine via a 22-gauge 
needle.

•	Make a small cutaneous incision, with the skin entry point 
decided based on preprocedural imaging and the approach 
being utilized. Advance the chosen needle to the periosteum.

•	During the advancement of the needle to the bone surface, 
small corrections in the craniocaudal angulation can be made 
using a lateral view. In the parapedicular approach, the point 
at which bone is encountered (the junction of the pedicle 
with the vertebral body) will be more anterior on the lateral 
view.

•	In the bone, advance the needle by gently tapping the 
handle of the needle with a mallet. The posterior wall of the 
vertebral body may be detected with a slight change to the 
“tapping” sound that occurs when advancing the needle with 
the mallet.17 In soft osteoporotic bone, the needle may pass 
through with relative ease, with only light mallet strikes.

•	 If the end-on view was used initially, the needle should be 
kept as a dot during the initial placement through the pedi-
cle. The needle should remain lateral to the medial cortex of 
the pedicle until it has navigated through the whole pedicle 
on the lateral view.

•	After traversing the pedicle, if a diamond-tipped needle has 
been used, it may be replaced with a straight bevel-tipped nee-
dle or a curved needle, for improved maneuverability. Using 
the lateral projection, the needle is advanced further, to the an-
terior one-third of the vertebral body, and as close to midline 

as possible or in the anterior portion of the lateral one-third  
of the vertebral body if a bilateral approach is planned. 
Conþrm þnal positioning of the needle in both lateral and  
AP views prior to cement injection. The spinal canal has  
been cleared if the needle is anterior to the posterior  
margin of the verte-bral body.

8.3.8  Fill Materials
Several types of injectable bone cements are commercially 
available, including PMMA, composite glass ceramics, and  
calcium phosphate cements. These diͣer in terms of cost, 
polymerization times, biocompatibility, and radio-opacity. 
PMMA remains the most widely used cement for the treatment 
of osteoporotic and neoplastic VCFs. Key advantages of PMMA 
include good radio-opacity and low cost.18 The PMMA cement 
is prepared by mixing a polymer powder and liquid monomer, 
resulting in liquid paste.19 The polymerization of PMMA is an 
exothermic reaction, resulting in increasing thickness of the 
cement and increased cement temperature of up to 70 to 120°C. 
This may produce a local thermal cytotoxic eͣect on neoplastic 
cells.18 Newer cement materials include composite and calcium 
phosphate cements. Composite cements do not cause the exo-
thermic reaction of PMMA, and hence avoid potential risks of 
high cement temperatures and cytotoxic eͣects. As such, they 
may be less useful for the treatment of osseous metastases.18 
Composite cements have improved biocompatibility, yet have 
low viscosity that can lead to increased risk of leaks, and a rapid 
setting time that may lead to the needle staying cemented 
in the vertebra.20 Calcium phosphate cements have superior 
biocompatibility, and stimulate new bone formation due to 
precipitation of crystals from the cement’s injectable form. 
These cements, however, have longer setting times, higher 
cost, and lower radio-opacity, and are often less resistant to  
compression.18,​20

Preparation of the cement takes place after needle(s) place-
ment. When ready for injection, the consistency of PMMA 
cement should be similar to toothpaste with a matte appear-
ance. A “shiny” or glossy appearance of the cement mixture indi-
cates that it is too liquid for use. A “drip” test may be performed, 

Fig. 8.4  Needle trajectory for a unilateral transpedicular approach in the lumbar spine. (a) Lateral ÿuoroscopic image of the vertebral body prior to 
vertebroplasty. The entire needle trajectory is extrapolated during initial transpedicular access to achieve optimal þnal needle position (dotted line). 
(b) The needle is advanced into the vertebral body. (c) Anteroposterior ÿuoroscopic image showing þnal needle position at midline.
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whereby the cement should ball up at the end of the needle and 
not drip downward.21 Automated mixing systems improve mix-
ing consistency and can be used if available. Depending on the 
ambient temperature and speciþc PMMA formulation, working 
time varies from 10 to 20 minutes. Numerous delivery systems 
for the cement are available. These vary from 1-mL syringes 
with a spatula and mixing bowl to self-contained delivery 
devices. Injectors with long ÿexible delivery tubing have an 
advantage of minimizing operator exposure to radiation.22

8.3.9  Cement Injection
•	The needle stylet is removed, and delivery system is con-

nected and the cement is injected at a slow pace to avoid 
overpressurizing the delivery device with subsequent 
extravasation.

•	Continuous monitoring with lateral and AP ÿuoroscopy 
is vital during cement injection, to ensure that the ce-
ment remains inside the vertebra and to rapidly identify 
leaks (̀Fig. 8.5). The risk of cement leakage is greater at the 
beginning of injection, when the cement is least viscous. 
New pain reported by the patient should prompt a pause 
in the procedure and the acquisition of additional imaging 
views. If cement is observed to pass into a vein, injection 
should be ceased for 1 to 2 minutes to allow the cement to 
solidify. The needle position can be adjusted slightly, then 
the cement may be reinjected to see if it is redirected safely 
within the vertebral body.23 Larger leaks may necessitate 
placing additional needles or rarely even abandoning the 
procedure.

•	Suggested endpoints for cement injection include passage of 
cement beyond the marrow space, and/or cement reaching 
the posterior wall of the vertebral body on the lateral view. 

At the end of injection, cement should ideally form a column 
extending across midline to the contralateral pedicle and 
from end plate to end plate (̀Fig. 8.6).

•	Care should be taken to avoid leaving a “tail” of cement 
upon concluding cement injection. This can be avoided by 
reinserting the needle stylet to deliver the residual portion 
of cement within the hollow cannula and leaving the needle 
in place for 1 to 2 minutes before removing it. The stylet may 
also be removed and reinserted to ensure that the cement is 
not backing up into the cannula. Finally, when withdrawing 
the needle, a gentle rocking and rotating motion may be 
employed to ensure the cement within the cannula separates 
at the cannula tip.

8.3.10  Volume of Cement Injected
The optimal volume of cement to inject remains is enough to 
alleviate pain as well as to restore the strength of the verte-
bral body and its stiͣness. Based on the results of an in vitro 
biomechanical study, Mathis and Wong recommend aiming 
for 50 to 70% þlling of the residual vertebral body volume.24 
Recent positive results from the VAPOUR  (vertebroplasty 
for acute painful osteoporotic fractures) randomized con-
trolled trial achieved with large volumes of cement (average  
7.5 mL) have also supported larger-volume injections.3 Much 
smaller volumes of cement have been shown to reduce pain 
similar to larger volumes and have inherently lower risk of 
cement extravasation, but more recent recommendations 
are to þll the vertebral body up to 15 to 25% of the native 
uncompressed amount.25,​26,​38 In general, the goal should be 
maximum cement delivery with careful visual inspection 
to ensure injection is ceased well prior to complications 
occurring.

Fig. 8.5  Lateral ÿuoroscopic image showing minor diskal cement 
leakage (white arrow) following a vertebral augmentation proce-
dure. Note that no posterior cement leakage has occurred.

Fig. 8.6  Anteroposterior ÿuoroscopic image of the thoracic spine 
following vertebroplasty. Note that the injected cement forms a 
column extending across the midline.
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8.4  Considerations in Cervical 
Vertebroplasty
Most vertebroplasty procedures are performed in the tho-
racic and lumbar spine. Cervical vertebroplasty is technically 
diͣerent due to the small size of target pedicles and vertebral 
bodies, and the anterior approach to the vertebral body. It is 
recommended that these procedures be undertaken by some-
what more experienced practitioners and, similar to thoracic or 
lumbar vertebroplasty, imaging guidance for cervical vertebro-
plasty may be with either ÿuoroscopy or CT.27

The precise approach for needle insertion in the cervi-
cal spine varies depending on the vertebral level. Procedures 
performed for C1 and C2 may use a direct transoral approach 
although a posterolateral approach to the C2 vertebral body has 
been reported.27,​28,​39 As only a thin layer of tissue (pharyngeal 
constrictor muscles, pharyngobasilar fascia, and anterior lon-
gitudinal ligament) separates the posterior oropharynx from 
the upper cervical spine, this approach provides a direct route 
that avoids adjacent neurovascular structures.27–​29 After general 
anesthesia is provided, the patient is positioned supine on the 
ÿuoroscopy table and an oropharyngeal retractor is placed to 
expose the oropharynx. A large gauge  (i.e., smaller diameter) 
needle is inserted through the posterior pharyngeal wall to gain 
access to the vertebral body.28

Below the level of C2, either anterolateral or posterior 
transpedicular approach may be used.27 In the anterolateral 
approach, the needle trajectory must avoid the carotid sheath 
complex. The carotid artery should be located by palpation and 
manually retracted laterally by the operatorõs þngers. CT may 
also be used to visualize the carotid sheath and contents. The 
needle path ascends from below the angle of the mandible, and 
advances between the carotid complex, thyroid gland, and eso-
phagus on the patient’s right side. A small guide needle may 
be useful for conþrming safe placement that avoids the carotid 
complex.30 When the posterior transpedicular approach is used 
for the cervical spine, the operator should conþrm that pedicles 
are large enough for access. Care is taken to avoid the vertebral 
artery, located lateral to the pedicle.

8.5  Postprocedure Care
8.5.1  Initial Postprocedure Care
The needles are removed once suͤcient þlling of the vertebral 
body has occurred. Manual pressure is immediately applied to 
the needle entry sites for enough time to promote hemostasis 
and prevent hematoma formation in the soft tissues. A sterile 
dressing is then applied. Transfer to the stretcher using log roll 
maneuvers or manual-assisted transfer can occur directly after 
the procedure, except in the case of vertebral cleft. In these 
cases, the patient should remain prone on the procedure table 
for 5 to 10 minutes to allow the cement to further polymerize 
in the expanded vertebral body.

Vital signs should be performed at regular intervals over the 
þrst few hours postprocedure, along with neurologic examina-
tions. In recovery, the patient should remain ÿat and supine 
for the þrst hour, followed by a further 30 minutes to 1 hour 
with the head of the bed inclined approximately 30 degrees. 
Following this, patients can begin supervised mobilization 

when their symptoms become tolerable and the eͣects of 
the anesthesia have waned. Initial postprocedure pain at the 
procedure site may occur and can be relieved with adminis-
tration of acetaminophen or ketorolac, depending on renal 
function or ice. The patient is usually able to discriminate any 
new procedure-related pain, which typically relieves with 
simple analgesia over the next 24 to 72 hours. Assessment 
of the patient shortly after vertebroplasty commonly reveals 
improvement in fracture-related back pain. Persistent severe 
pain, new severe pain of a diͣerent character, or signs of spinal 
canal stenosis should prompt imaging with CT to exclude com-
plications such as hematoma or cement leakage into neural 
foramina or spinal canal.

8.5.2  Discharge and Follow-Up
Most vertebroplasty procedures are performed on an outpa-
tient basis, with the patient discharged later the same day 
following a satisfactory period of observation. More inþrm 
patients may require overnight observation in the hospital. 
It is recommended to maintain bed rest and minimal activity 
for the þrst 24 hours. Regular diet and medications may be 
resumed on the same day. The patient is counseled to notify 
the appropriate medical professionals in the case of wors-
ening pain or new pain, swelling, diͤculty in walking, sen-
sory changes in the hips and legs, or altered bowel or bladder 
function. Cross-sectional imaging should be performed in the 
event of these symptoms occurring, and surgical consult may 
be considered.

Tenderness may occur at the procedural site for 24 to 48 
hours. Pain in the hours following vertebroplasty is typically 
procedure related. Delayed pain, either at the procedure or in a 
diͣerent location, should raise suspicion of new fracture. Up to 
one-third of patients will suͣer a repeat fracture within 1 to 3 
years, most occurring at adjacent vertebral levels.31,​32 However, 
a small percentage (0.6ð2.4%) may suͣer refracture at a verte-
bral level previously treated with vertebroplasty.33,​34 It should 
be noted that for up to one-third of patients, bone marrow 
edema is a normal MRI þnding for up to 6 months postverte-
broplasty.35 Thus, caution should be taken when interpreting 
marrow edema at a previously treated level, as it may not indi-
cate a new acute fracture.

Outpatient clinic follow-up should occur typically 2 to 
4 weeks postprocedure. At this time, durability of the initial 
pain improvement, degree of patient mobility, and analgesic 
requirements are reviewed. The patient is assessed for signs 
of procedural complications. Subsequent follow-up appoint-
ments may take place as is indicated on a case-by-case basis. 
Management of the underlying cause of fracture is important 
to prevent future fractures. Optimal osteoporosis treatment 
should involve vitamin D and calcium supplementation, and 
medical management with an anabolic bone agent or other 
targeted therapy as indicated.36,37

8.6  Conclusion
Vertebroplasty is a safe and eͣective treatment for painful VCFs 
that are refractory to medical management or in patients who 
are severely debilitated by their vertebral fracture. Meticulous 
technique and accurate image visualization with ÿuoroscopy 
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are important to achieve optimal outcomes. With attention to 
postoperative care and follow-up, the risks of complications 
are very low. Cervical vertebroplasty presents additional chal-
lenges, but may achieve similar success in the hands of experi-
enced operators.

8.7  Key Points
•	Vertebroplasty is a minimally invasive procedure that in-

volves the percutaneous injection of cement into a fractured 
vertebral body.

•	Vertebroplasty procedures are performed with image 
guidance. Fluoroscopy is recommended as it allows con-
tinuous monitoring during needle placement and cement 
injection.

•	The trajectory taken to direct the needle into the vertebral 
body may be either transpedicular or parapedicular. There 
are advantages to each approach.

•	Numerous types of bone cement are available, but PMMA 
remains the most widely used.

•	Most procedures are performed in the thoracic and lumbar 
spine. Cervical vertebroplasty is less commonly performed 
and requires some additional considerations such as the type 
of approach and the size of the needles used.

•	A repeat fracture at the treated level or adjacent level can 
occur and can be prevented with optimal osteoporosis 
control.

•	Most patients report improvement in back pain shortly 
following vertebroplasty. Delayed pain following initial im-
provement, or new pain of a diͣerent character, should raise 
suspicion of new fracture.
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9  Sacroplasty: Management of Sacral Insuͼciency 
Fractures
Kieran Murphy

Summary
Sacral insuͤciency fractures are relatively common but are 
often underdiagnosed and undertreated.  These fractures are a 
frequent cause of low back pain in the elderly patient popu-
lation but are frequently missed on X-ray and cross sectional 
evaluation of the lumbosacral spine.  The typical sacral insuͤ-
ciency fractures (SIFs)  characteristically involve the sacral ala 
and the S2 vertebral body. When SIFs are suspected, MR imag-
ing is the single best imaging modality for diagnosing these 
fractures but a combination of nuclear medicine bone scan and 
CT can be used in patients who cannot have an magnetic reso-
nance imaging (MRI). The management of SIFs should consist 
of treatments that allow for early and sustained mobilization 
of the patient including sacroplasty if necessary.  There are var-
ious techniques and diͣerent ways of performing sacroplasty 
including the short-axis technique, long-axis technique, lateral 
approach technique, and the three needle technique.  All of 
these techniques have been shown to be safe and eͣective and 
studies of sacroplasty have conþrmed its safety and eͤcacy 
out to as long as ten years.  Providing the option of sacroplasty 
to those patients who do not or cannot undergo non-surgical 
management can lead to better mobility, improved function, 
dramatically decreased pain, and less mortality.

Keywords: sacroplasty, sacrum, osteoporosis, sacral 
insuͤciency fractures, osseous augmentation

9.1  Introduction
First described by Lourie et al in 1982,1 SIFs are a common but 
often underdiagnosed source of low back pain in the elderly 
and/or the osteoporotic patient. Insuͤciency fractures of the 
pelvis are a consequence of undue stress onto a weakened 
bone or of increased stress on a bone with marginally ade-
quate bone mineral density. Risks of SIFs are very similar to 
that of vertebral compression fractures and include risk fac-
tors of osteoporosis, osteopenia, osteomalacia, renal osteo-
dystrophy, prior radiation therapy, Pagetõs disease, previous 
lumbosacral fusion, total hip arthroplasty, and bone metabolic 
diseases known to weaken the skeletal system.1,​2 Osteoporosis 
is the most common cause of fractures of the pelvis and over 
25 million people are aͣected in the United States. There is 
a strong female predominance for SIFs  (10:1), and they can 
occur without an identiþable injury in someone with low 
bone mineral density and compromised bone strength.3 The 
incidence of SIFs comprises approximately 1 to 2% of the patho-
logic fractures involving the spine and pelvis. This incidence, 
however, may be an underestimate as the diagnosis is often 
delayed or does not happen due to the relatively poor sensi-
tivity of plain radiographs and the lack of adequate recogni-
tion of SIFs on cross-sectional imaging including both MR and  
CT imaging.

9.2  Fractures of the Sacrum: 
Anatomy
Anatomically, the sacrum is comprised of þve fused segments. 
Weight transfers can occur through the lumbar spine into the 
sacrum and then through the ilium into the proximal femora 
with regions of stress in the second sacral segment and in the 
pubic rami. This stress pattern can produce insuͤciency frac-
tures that can have a unique but often characteristic appear-
ance of SIFs.4 In 1988, Denis et al classiþed the location of sacral 
fractures into three sacral zones (̀Fig. 9.1).5 Zone 1 fractures 
are laterally located fractures that involve the sacral ala but 
do not traverse the foramina or the central sacral canal. Zone 
2 fractures involve the sacral foramina but do not involve the 
central spinal canal. Zone 3 fractures extend into and involve 
the central spinal canal. A fracture to the central portion of the 
sacrum is typically associated with a higher energy type injury 
and patients with zone 3 fractures can present with saddle 
anesthesia and loss of sphincter tone as a result of cauda equina 
injury or can present with varying degrees of injuries including 
neuropraxia or injury to a single nerve root.5 The most com-
mon location of SIFs are within zone 1, but a minority of the 
fractures can involve the sacral foramina. The SIFs typically run 
parallel to the sacroiliac joint along the entire sacral ala and can 
have a horizontal component that is usually located at the S2 
level of the sacrum when present  (̀Fig.  9.2). The most com-
mon fracture pattern is that of bilateral sacral alar fractures that 
primarily involve the S1 and S2 vertebrae. Unilateral fractures 
can also occur and can be present without a contralateral frac-
ture or can progress to bilateral fractures. The appearance and 

Fig. 9.1  Denis Fracture Classiþcation. Zone 1 fractures are laterally 
located fractures that involve the sacral ala but do not traverse the 
foramina or central sacral canal. Zone 2 fractures involve the sacral 
foramina but do not involve the central spinal canal. Zone 3 fractures 
extend into and involve the central spinal canal. (Image created with 
BioRender.)
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location of the fractures must be noted as well as the anatomic 
regions aͣected, as these factors can have signiþcant implica-
tions in the repair of these fractures.

9.3  Sacral Insuͼciency Fractures: 
Causes and Natural History
There are some studies that have examined the morbidity 
and mortality associated with SIFs. Park et al recently pub-
lished their experience, looking at 325 patients with a mean 
follow-up of 51.5 months.6 The mean age at time of diagnosis 
was 69.4 years. There was a history of malignancy in 43.1% of 
patients and 21.8% had undergone pelvic irradiation prior to the 
fracture. The 6-month mortality rate was 9.8% and the 1-year 
mortality rate was 17.5%, while mortality increased to 25.5% at  
3 years. The sex- and age-adjusted mortality ratio increased 
after these fractures, and the overall 3-month standardized 
mortality ratio (SMR) was 8.9.

The major cause of SIFs is normal stress on an osteoporotic 
or otherwise weakened bone. Traumas, both minor and severe, 
are also causes of sacral fractures, but SIFs are a low-velocity, 
low-energy type of fractures that develop due to normal or 
slightly increased stress on a weak bone. When sacral fractures 
are associated with some type of inciting event, it is typically a 
low-velocity injury such as a fall on the sacrum and coccyx from 
a standing height or a minimal axial load impact like stepping 
oͣ a curb. Patients will often notice a severe and immediate 
pain in their back or buttock.7 The pain is often not severe and 
can be described as a dull ache that increases in severity over 
time. Other patients will feel pain primarily when sitting and 
will shift in their seats because their back and buttock hurts. 
Patients often develop an antalgic gait pattern due to the forces 
transmitted across the sacral ala that increase when the patient 
is walking. This pain may be quite debilitating and the patient 
may require a cane or walker to ambulate or may even be con-
þned to a stretcher. Other patients with SIFs have severe local-
ized pain in the low back or sacrum with a sciatica-type pain, 
usually in an S1 distribution.

9.4  History and Examination
Determining the cause and contributing factors to the SIFs 
is important and appropriate history taking is an essential 
element in identifying the risk factors as well as the inciting 
event. Important factors are whether the patient is on med-
ications for osteoporosis,8 whether they have had a recent 
dual energy X-ray absorptiometry (DEXA) scan or quantitative 
CT (QCT) to determine bone density, and if they have had pre-
vious fractures of the wrist, hip, or spine. Appropriate imag-
ing studies are also necessary to evaluate the fracture pattern 
and surrounding anatomy.4 A thorough laboratory evalua-
tion should include a complete blood count and an extended 
blood chemistry along with measurements of ionized calcium, 
parathyroid hormone (PTH), and 1, 25-hydroxyvitamin D 
levels, alkaline phosphatase, albumin, free testosterone, thy-
roid-stimulating hormone, and serum protein electrophoresis. 
Other laboratory work for an osteoporosis should include uri-
nary measurements of calcium and cortisol and a urinary pro-
tein electrophoresis. Obtaining a history of malignancy is also 
important and consideration should be given to whether the 
SIF may be related to a neoplastic process. If this is a concern, 
performing a biopsy during the process to treat the sacral frac-
ture is warranted.

Physical examination techniques are also important in 
the diagnostic process and include the standing leg test and 
the presence of tenderness of the sacrum with compression 
of the pelvis. Typically, there is no muscle weakness or reÿex 
changes and normal sphincter tone is most often present, but 
abnormalities of any of these must be documented. Patients 
with SIFs may be able to walk into the physicianõs clinic inde-
pendently or with the aid of a walker or wheelchair and on 
a stretcher in some cases. If they are walking without assist 
devices, they most often have a slow antalgic gait. It is not 
unusual for older patients or patients with more severe SIFs 
to be unable to walk.

9.5  Imaging
If an SIF is suspected by history and/or physical examina-
tion, then the next step is to obtain the appropriate imag-
ing. Spinal and/or pelvic radiographs have poor sensitivity 
and are of questionable value in the diagnosis of SIFs. The 
best imaging modality that yields the highest sensitivity and 
speciþcity is MR imaging 9. Fractures of the sacrum are best 
shown on dedicated studies of the sacrum and on the axial 
and coronal images. Traditionally, MR imaging examinations 
of the lumbar spine may miss a fracture of the sacrum as the 
axial images may not extend far enough inferiorly to see the 
fractures in this plane and the sagittal images may not opti-
mally show the fractures or the fractures may be confused 
with the sacroiliac joint. They can be seen on lumbar imag-
ing, however, if close attention is paid to the symptoms and 
the þndings.9 Short tau inversion recovery  (STIR) and nonð
fat saturated T1-weighted MR imaging sequences are the 
best imaging to diagnose these fractures as edema from the 
fractures are well seen on the STIR images and the fracture 
lines are most optimally demonstrated on the T1-weighted 
images (̀Fig. 9.3).

Fig. 9.2  The sacral insuͤciency fractures typically run parallel 
to the sacroiliac joint along the entire sacral ala and can have a 
horizontal component that is usually located at the S2 level of the 
sacrum when present.
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Traditionally, the most sensitive but not speciþc imaging 
modality is a nuclear medicine bone scan10. A bone scan has 
increased activity of the radiotracer within the fracture and the 
pattern has classically been described as Hondaõs sign, a typi-
cal H-shaped pattern on bone scan that is pathognomonic for 
SIFs  (̀Fig.  9.4). The pattern of increased uptake on the bone 
scan represents increased activity that is vertically oriented in 
the sacral ala and is joined by horizontal activity in the mid to 
upper portion of the sacrum usually located at the S2 level of 
the sacrum.10 The H shape with the vertical components nar-
rower at the inferior portion and wider at the superior portion 
resembles the shape of the H on the front of Honda automo-
biles (̀Fig. 9.4). A cross-sectional evaluation of a bone scan or 
a single-photon emission computed tomography (SPECT) scan 
may also be helpful in identifying and localizing SIFs. Despite 
the sensitivity of bone scans in detecting SIFs, MRI has replaced 
this modality in many departments, due largely to better avail-
ability of MR imaging.

If a patient has a pacemaker, cochlear implant, or some-
thing else that precludes from them getting an MRI, a CT scan 
is the necessary examination to compliment the bone scan. 
Any cross-sectional imaging examination may not highlight 
sacral fractures optimally and although CT scans can be more 
sensitive in detecting cortical breaks associated with SIFs, 

nondisplaced fractures without obvious reactive sclerosis may 
be missed11 (̀Fig. 9.5).

9.6  Treatment
9.6.1  Conservative Treatment
The treatment of SIFs either can be interventional with a percu-
taneous approach, surgical, or can consist of nonsurgical man-
agement  (NSM). Unstable fractures, especially high-velocity 
injuries with associated cauda equina syndrome, may require 
open reduction and internal þxation. As opposed to closed or 
percutaneous procedures, open procedures are associated with 
an increased risk of surgical and postsurgical complications 
including wound problems and infection.12

Historically, treatment has been limited to bed rest, oral 
narcotic medications, lumbosacral or pelvic corsets, and pro-
tected weight bearing with the patient using a walker in order 
to accomplish early mobilization.4,​13 If early mobilization is not 
possible, prolonged bed rest can lead to additional morbidities 
including deep venous thromboses, pulmonary emboli, reduced 
muscle strength, postural hypotension, impaired cardiac func-
tion, atelectasis, pneumonia, pressure ulcers, constipation, fecal 

Fig. 9.3  Axial T1-weighted (a) and short tau 
inversion recovery (STIR; b) MR images show 
bilateral fracture lines (white arrows in a) that 
are well demonstrated on this T1-weighted 
image. The bilateral sacral insuͤciency frac-
tures are seen to be associated with consid-
erable edema (white arrowheads in b) on the 
coronal STIR MR image.

Fig. 9.4  Nuclear medicine bone scan showing increase uptake of 
radiotracer in an H pattern (white lines) that resembles the shape of 
the H on the front of Honda automobiles.

Fig. 9.5  Axial CT image shows bilateral sacral fractures with 
fracture lines (white arrows) causing cortical and cancellous bone 
disruption. This disruption is seen without much surrounding 
sclerosis, thereby making these fractures more subtle than those 
with a large amount of sclerosis surrounding the fractures.
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impaction, depression, and side eͣects from opioids including 
altered sensorium, additional constipation, memory loss, and 
putting the patient at an increased risk for falling.14 These mor-
bidities are profoundly impactful and are known complications 
of periods of inactivity. In addition to the substantial impact 
of the morbidities associated with SIFs, the associated mortal-
ity is also signiþcant, with studies estimating the 1- to 3-year 
mortality at 20 to 25%.6,​15 When patients respond promptly to 
NSM, the initial clinical improvement may occur quickly, but 
it is important to know that compete resolution of symptoms 
may not occur for up to 9 to 12 months. All these factors con-
tribute to a clinical scenario that can be arduous for the patient 
to tolerate with the goal being to prevent or limit the spiral of 
immobility, followed by bed rest, deconditioning, secondary 
events  (e.g., infections, venous thromboembolism), and other 
sequelae of the initial event.16 In patients for whom the symp-
toms are suͤciently severe or debilitating, invasive treatments 
may beneþt them and prevent the incapacitation that is often 
seen in patients with SIFs.

9.6.2  Osseous Augmentation
Chronic symptoms and disability related to osteoporotic insuf-
þciency fractures are believed to be due to fracture nonunion, 
micro-motion, resultant deformity related to the original frac-
ture deformity, or progressive deformity due to the inability 
of the weakened bone to promptly heal.17,​18 The percutaneous 
injection of polymethyl methacrylate  (PMMA) into fractured 
vertebral bodies  (osteoplasty or sacral vertebroplasty) has 
been safely performed to successfully treat painful osteopo-
rotic vertebral fractures. A natural extension of the application 
of vertebroplasty is the percutaneous injection of PMMA into 
the fractured sacrum  (sacroplasty) to treat persistent symp-
toms and disability associated with SIFs. Sacroplasty was þrst 
reported in the early 2000s as treatment for symptomatic sacral 
metastatic lesions,19,​20 and subsequent reports have docu-
mented its safe and eͣective performance. The initial short fol-
low-up intervals and small study cohorts led to more deþnitive 
studies evaluating the safety and eͤcacy of the procedure and 
the durability of initial results.21 More recently, studies with a 
greater number of patients and longer follow-up have clariþed 
the treatment outcomes of sacroplasty regarding safety and 
long term eͤcacy.22,​23

9.7  Techniques
Various techniques have been described for performing 
percutaneous sacroplasty, and these include both short- and 
long-axis approaches. Routinely, sacroplasty is performed 
with ÿuoroscopy, but CT guidance or a combination of both 
may be used. Many interventional radiologists who are well 
trained in CT-guided procedures advocate for performing 
sacroplasty with CT guidance. While CT is a viable method of 
performing imaging guidance, it is slower and more expensive 
as compared with ÿuoroscopy, which is cheaper, faster, and 
technically straightforward  (̀Table  9.1). Fluoroscopic guid-
ance, however, typically requires more experience to identify 
untoward cement extravasation. More recently, the routine 
use of cone-beam CT has allowed a combination of both 
approaches to be used.

Whitlow et al looked at technical considerations and 
analyzed PMMA injection under ÿuoroscopic guidance.24 
Sacroplasty was performed on cadaveric specimens using 
biplane ÿuoroscopy. The cadaveric specimens were eval-
uated with CT that was performed both before and after 
sacroplasty to examine needle placement and to assess for 
PMMA extravasation. The CT imaging demonstrated that nee-
dle placement and PMMA delivery may be done safely and is 
facilitated by orienting the needle parallel to the L5ðS1 inter-
space and ipsilateral sacroiliac joint and targeting the supe-
rolateral sacral ala within an area whose borders are formed 
by a line just lateral to the posterior sacral foramina and a 
line along the medial edge of the sacroiliac joint (̀Fig. 9.6). 
In another assessment of this technique, Betts published an 
article on ÿuoroscopic anatomy landmarks and associated 
these landmarks with their gross anatomic structures as 
seen with open dissection.25

Table 9.1  Comparing the pros and cons of CT versus ÿuoroscopy 
when performing sacroplasty 

Fluoroscopic guidance CT guided

Pros Faster
Cheaper
Easier

Less steep learning curve
Debatable reduction rate of 
complication

Cons Require experience Slower
More expensive

Fig. 9.6  (a, b) Short-axis target is shown 
on ÿuoroscopy with the left-sided nee-
dle (highlighted by yellow dashed line in  
a and b) targeting the superolateral left sacral 
ala between the outer border of the sacral 
foramina (thin black line in a) and the sacroiliac 
joint (black arrows in a). The short-axis technique 
involves placing the needle nearly parallel to 
the end plates of S1. The long-axis technique 
involves placing the needle (highlighted by 
red dashed line in a and b) between the outer 
border of the sacral foramina and the sacroiliac 
joint starting at the posteroinferior portion of 
S2 (white arrow in b) and advancing the needle 
anterosuperiorly to the midportion of the S1 
vertebral body(white arrowhead in b).
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9.7.1  Short-Axis Technique
In a 2007 manuscript reporting the results of sacroplasty in 
37 patients, Frey et al described a variation of the short-axis 
technique for performing percutaneous sacroplasty.26 All pro-
cedures were performed under ÿuoroscopic guidance using 
moderate sedation and every patient received preoperative 
antibiotics. The procedure time from the initial set up to the 
completion and patient recovery takes about an hour. At the 
start of the procedure, the patient is placed in a prone position 
and the image intensiþer is placed in an oblique view along  
the axis of the ipsilateral sacroiliac joint  (see ̀Fig.  9.6 and 
̀Table 9.2 for details). This obliquity varies from patient to 
patient but is typically 5 to 20 degrees in mediolateral angula-
tion. Next, two 13-gauge bone trocars were placed between the 
sacral foramina and the sacroiliac joint on the side of the fracture 
with an angle paralleling the sacroiliac joint (̀Fig. 9.7a,b). The 
needles were then inserted to approximately the midpoint of the 
sacrum on the lateral view, maintaining the initial angle. After 

mixing the cement, 3 to 5 mL of PMMA were injected through 
each trocars while monitoring the spread of the bone cement on 
the oblique anteroposterior ÿuoroscopic view. Care was taken 
when injecting the bone cement to avoid medial spreading of the 
cement toward the sacral nerve roots. Each patient was main-
tained in the prone position for 30 minutes after the procedure 
and prior to ambulation. The patients were then asked to stand 
on the aͣected leg to assess their pain improvement. If they had  
bilateral pain, they were asked to stand on each leg, one at a 
time to assess the level of pain they were having.

This study was a prospective, multicenter, observational 
cohort study of patients with a mean age of 76.6 years who had 
undergone and failed a trial of NSM for a mean of 34.4 days 
(range between 13 and 82 days). All patients were available 
at all follow-up intervals. The mean Visual Analog Scale (VAS) 
score at baseline was 7.7 and was 3.2 within 30 minutes 
after the procedure and 2.1 at 2 weeks, 1.7 at 4 weeks, 1.3 at 
12 weeks, 1.0 at 24 weeks, and 0.7 at 52 weeks after the proce-
dure 16. Thirty minutes after the procedure, 5 patients reported 

Fig. 9.7  (a, b) Anteroposterior ÿuoroscopic 
images show two needles place in sequence 
into the patientõs right sacral ala (black arrows) 
using the short-axis technique to inject bone 
cement (black arrowheads) into the sacral ala.

Table 9.2  Short-axis technique 

Sacroplasty using the short-axis technique: step by step

1 In the frontal plane, rotate the II cephalad to parallel the L5ðS1 disk space. (This will usually require signiþcant caudal angulation of the II)

2 Rotate the II so that the spinous processes are in the center of the vertebral bodyña direct AP view

3 Rotate the II to the side opposite the treatment location, by about 25ð30 degrees OR to an angle along the longitudinal axis of the SI joint 
that aligns the inferior portion of the joint

4 The starting position is chosen: halfway between the SIJ and a vertical line that joins the medial borders of the sacral neural foramina

5 Anesthetize the skin at the desired starting point and make a small incision

6 Insert the sacroplasty needle at the incision, advancing the needle parallel to the II

7 Using a mallet, slowly advance the needle tip just past the posterior sacral cortex and into the center one-third of the sacrum. It is 
important to keep the mediolateral angulation of the needle òas is,ó to avoid deviating from the trajectory chosen

8 Rotate the II to get a lateral view of the sacrum, and the needle within the S1 vertebral body. (If using biplane equipment, the lateral II can 
be used for this purpose)

9 When the PMMA has been mixed and a toothpaste consistency achieved, inject it into the sacrum using both lateral and oblique AP views 
to monitor PMMA distribution. On the lateral view, watch for anterior extravasation (i.e., anterior to the anterior body of the sacrum), 
while on the oblique AP view there should be little or no extravasation into the neural exit foramina

10 Deposit the PMMA in the sacrum trying to þll the center portion of the sacral ala (i.e., between the SIJ and the neural foramina), 
intermittently retracting the needle and depositing PMMA along the needle tract, i.e., along the longitudinal axis of the sacrum

11 If necessary, insert a second needle into the inferior half of the sacrum using the same technique (and mediolateral positioning) as the 
þrst needle

12 When the PMMA has been deposited adequately, remove all needles and place appropriate bandages over the puncture sites

Abbreviations: AP, anteroposterior; II, image intensiþer; PMMA, polymethylmethacrylate; SIJ, sacroiliac joint.
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complete pain relief, 10 patients reported no pain at 2 weeks, 
and 25 patients were pain free by 52 weeks after the procedure. 
Twenty patients were using narcotic analgesics at baseline and 
only 6 patients were using narcotics at 2 to 8 weeks following 
the procedure. One signiþcant adverse event (SAE) was encoun-
tered during the procedure but none at any of the follow-up 
intervals. The single SAE involved a patient who developed S1 
radicular pain during the procedure, necessitating termination 
of injection of the PMMA. Although the primary sacral pain was 
alleviated, the patient experienced persistent inferior buttock 
and posterior thigh pain that was completely relieved 7 days 
later by a selective nerve root injection consisting of 2.0 mL of 
preservative-free betamethasone (6 mg/mL) and 1.0 mL of 1.0% 
lidocaine injected in the epidural space around the S1 nerve 
root. Potential risks for sacroplasty include cement emboli, 
cement extravasation, sacral nerve root injury, and injury to 
the lumbosacral plexus. In February 2008, Frey et al published a 
subsequent study of 52 patients.21 In this study, using the short-
axis technique, more than 75% of the patients had their pain 
reduced by half or more 30 minutes after the procedure. This 
study provided strong additional support for the safety and eͤ-
cacy of sacroplasty.

9.7.2  Long-Axis Technique
The long-axis technique can be used to access both the S1 and 
the S2 segments with one needle per side. The needle is placed 
between the sacroiliac joint and the lateral border of the neural 
foramen and directed superiorly at an oblique angle along the 
long axis of the sacrum  (̀Fig.  9.6 and ̀Table  9.3). The long-
axis technique can produce optimal cement distribution along 
the longitudinal axis of the fractures and can decrease the risk 
of violating the anterior border of the sacrum with the access 

needle. The starting point is at the posteroinferior portion of 
the S2 vertebral body between the lateral border of the sacral 
foramina and the sacroiliac joint. The needle is then advanced 
from the posteroinferior portion of S2 to the mid to superior 
portion of S1 (̀Fig. 9.6). The normal anatomy with the lordo-
sis of the lumbosacral junction and the patientõs prone posi-
tion makes this approach technically straightforward and can 
be accomplished without extreme angulation of the needle. As 
with the short-axis approach, care should be taken not to vio-
late the anterior cortex of the sacrum as the lumbosacral plexus 
traverses the sacral ala from superior to inferior just anterior to 
the anterior sacral cortex. Anterior extravasation of the cement 
can also cause damage to the lumbosacral plexus and should 
also be avoided. The cement is best injected from distal to prox-
imal using cement with a thick viscous consistency. The steps 
of the long-axis approach are listed in sequence in ̀Table 9.3.

A variation of the long-axis technique is to add a third needle 
placed in the center of the osseous sacrum directed in a simi-
lar orientation to the needles in the sacral ala with the starting 
point of the needle inferior to the thecal sac  (̀Fig.  9.8). This 
technique can be used in fractures that have a prominent hori-
zontal component that the treating physician believes needs 
additional dedicated stabilization in addition to stabilizing the 
fractures of the sacral ala. The three-needle long-axis technique 
will allow the injection of a substantial amount of bone cement 
into the center of the sacrum as well as the sacral ala (̀Fig. 9.9).

9.7.3  Lateral Approach Technique
An alternative approach involves placing the needles per-
pendicular to the sacrum and approaching it from lateral to 
medial  (i.e., in a horizontal plane, extending from one side to 
the other; see ̀Fig. 9.10). The patient is positioned prone and 

Table 9.3  Long-axis technique 

Sacroplasty using the long-axis technique: step by step

1 In the frontal plane, rotate the image intensiþer cephalad to the AP plane

2 Rotate the II so that the spinous processes are in the center of the vertebral bodyña direct AP view

3 Rotate the II to the side opposite the treatment location, by about 25ð30 degrees OR to an angle along the longitudinal axis of the SIJ that 
aligns the inferior portion of the joint

4 The starting position is chosen: halfway between the SIJ and a vertical line that joins the medial borders of the sacral neural foramina

5 Anesthetize the skin at the desired starting point and make a small incision

6 Insert the sacroplasty needle at the incision, advancing the needle parallel to the II and angling the tip 20ð40 degrees cranially

7 Using a mallet, slowly advance the needle tip just past the posterior sacral cortex. It is important to keep the mediolateral angulation of 
the needle òas is,ó to avoid deviating from the trajectory chosen

8 Rotate the II to get a lateral view of the sacrum, adjusting the superoinferior angulation of the needle so that it advances to the level of the 
mid to superior portion of the S1 vertebral body. (If using biplane equipment, the lateral II can be used for this purpose. If so, the next two 
steps can be skipped as the biplane equipment allows you to adjust both angles as you go)

9 Return to the angled AP view and ensure that the mediolateral angulation of the needle is appropriate

10 Return to the lateral view, and advance the needle tip to the level of the superior portion of the S1 vertebral body

11 When the PMMA has been mixed and a toothpaste consistency achieved, inject it into the sacrum using both lateral and oblique AP views 
to monitor PMMA distribution. On the lateral view, watch for anterior extravasation (i.e., anterior to the anterior body of the sacrum), 
while on the oblique AP view, there should be little or no extravasation into the neural exit foramina

12 Deposit the PMMA in the sacrum trying to þll the center portion of the sacral ala (i.e., between the SIJ and the neural foramina), 
intermittently retracting the needle and depositing PMMA along the needle tract, i.e., along the longitudinal axis of the sacrum

13 When the PMMA has been deposited adequately, remove all needles and place appropriate bandages over the puncture sites

Abbreviations: AP, anteroposterior; II, image intensiþer; PMMA, polymethyl methacrylate; SIJ, sacroiliac joint.
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sterilely prepped and draped taking into consideration the 
direct lateral-to-medial approach. In addition to ÿuoroscopic 
guidance, a cone-beam CT can be performed for planning pur-
poses and to adequately visualize the sacral neural foramina. 
The most common skin-entry site is overlying the midportion 
of S1 as seen on a direct lateral view. The midportion of S2 may 
also be accessed in an identical manner to S1. Following local 
analgesia, a 15- to 18-cm-long Murphy needle is then inserted 
horizontally perpendicular to the long axis of the sacrum,  
targeting the fracture lines. One or more needles can be used.27 
Once the needle(s) has crossed the target fracture lines, cement 
is deposited þrst in the contralateral ala and then the needle is 

progressively withdrawn while injecting aliquots of cement in 
continuity under real-time ÿuoroscopic guidance (̀Fig. 9.11). 
Attention is paid to avoiding cement passing anterior to the cor-
tex of the sacrum, and posteriorly to the inferior spinal canal.

9.8  Outcomes
Since initial publication of the technique, several more long-
term studies have proven the safety, eͤcacy, and durability 
of the technique. For example, in 2012, Kortman et al28 pub-
lished their experience. They looked at 243 patients who were 
experiencing severe pain unresponsive to NSM. Patients were 

Fig. 9.8  Anteroposterior (a) and lateral (b) 
ÿuoroscopic views show the long-axis approach 
with a third needle (white arrows in a and b) 
placed in the center of the osseous sacrum 
directed in a similar orientation to the needles 
in the sacral ala with the starting point of the 
needle inferior to the thecal sac.

Fig. 9.9  Lateral (a) and anteroposterior  
(b) ÿuoroscopic images showing cement in the 
sacral ala (white arrows in b) and in the center 
portion of the sacrum (black arrows in b).  
Coronal CT reconstructed image (c) shows 
bone cement in the center of the sacrum as 
well as in the sacral ala.

Fig. 9.10  Lateral (a) and anteroposterior 
(b) ÿuoroscopic images showing the needle 
positioning and trajectory for the long-axis 
approach. The white arrow denotes an anterior 
osteophyte (not to be mistaken for cement 
extravasation on the postsacroplasty images). 
A longer needle is used in this case (e.g., an 
18-cm Murphy needle) in order to reach the 
contralateral sacral ala.
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followed for at least 1 year after their procedure. The average 
pretreatment VAS was 9.2 Ñ 1.1. Following sacroplasty, this 
improved to 1.9 Ñ 1.7 in those patients with SIFs. There were no 
major complications (such as hemorrhage, signiþcant extrav-
asation, pulmonary emboli, or procedure-related deaths). 
Similarly, in the Gupta et al publication in 2014,2,​3 53 patients 
were followed for a mean of 27 (Ñ3.7) days. The patients were 
83% females and the mean VAS pretreatment pain score was 
9.0. This decreased to 3.0 following the sacroplasty. This group 
also highlighted the safety of the technique as there were no 
procedural complications or procedure-related mortalities.

Most recently, Frey et al1 published a 10-year follow-up of 
the patients presenting for percutaneous sacroplasty begin-
ning in 2004. Two hundred and forty-four patients with SIFs 
were evaluated. Two hundred and ten patients underwent 
sacroplasty and the 34 patients that were treated with NSM 
functioned as the control group. The patientsõ gender, age, pre-
procedure pain duration, analgesic use, pain level, and patient 
satisfaction were recorded at the following post-op intervals: 
immediately post procedure, 2, 4, 12, 24, and 52 weeks, and 
2 years. Ten years later, the patients in the experimental group 
were contacted. The experimental group was found to have a 
statistically signiþcant drop in VAS score between follow-ups 
up to 1 year and opioid use was signiþcantly less than in the 
control group. There was a progressive decrease in pain from 
year 1 to 10 and pain level remained low with a pain level of 0.5 
on the VAS. In conclusion, these studies all have established that 
sacroplasty allows for a decrease in the use of opioid pain med-
ications and produces signiþcant pain relief, greater mobility, 

and improved patient satisfaction as compared with NSM. The 
long-term follow-up supports sacroplasty as being durable 
as well as safe and eͣective for patients suͣering from SIFs. 
Other groups, such as Kamel et al, have documented signiþcant 
increases in patient mobility. For example, in their group, 58% 
of patients returned to full mobility following the procedure.29 
This increase in postsacroplasty mobility has been conþrmed 
by other authors such as Talmadge et al.30

Where they occur, the main complications have been 
extravasation of cement into the neural foramina, primar-
ily the S1 neural foramen. The extravasations occurred in 
only a few scattered cases (1ð2% in most series), and most of 
the symptoms from the cement extravasation resolved with 
conservative management.31,​32 A minority of these patients 
needed either a therapeutic nerve root injection or surgical 
decompression of the neural foramen to adequately address 
their symptoms.

Overall, sacral and pelvic insuͤciency fractures are a rel-
atively common problem that can be very debilitating to 
patients, causing them a host of morbidities and even mortality 
as a result of their deconditioning and immobility. In the last 
decade, more aggressive and deþnitive treatments such as sac-
roplasty have been advocated for these patients.

The literature evaluating sacroplasty has evolved over 
time with several reports containing patient cohorts ranging 
up to more than 200 patients. The existing literature shows 
good eͤcacy and minimal complications and good durability 
of the procedure even in long-term follow-up. Importantly, 
improvements in patient condition are many and the treatment 

Fig. 9.11  Lateral (a) and anteroposterior  
(AP; b) ÿuoroscopic images showing polym-
ethyl methacrylate (PMMA) deposition along 
the mediolateral axis of the S1 vertebrae. The 
AP view shows the sequential PMMA injection 
with injection of cement as the needle is  
being withdrawn. Coronal reformat (c) and 
axial (d) CT images showing PMMA  
distribution following the sacroplasty.
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deþnitive in the appropriate patient. Providing sacroplasty 
to debilitated patients or patients who are not optimally 
responsive to NSM can thus lead to decreased pain, improved 
functionality, decreased morbidities, and most importantly a 
lower risk of mortality.
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10  Cervical and Posterior Arch Augmentation
Luigi Manfre, Nicole S. Carter, Joshua A. Hirsch, and Ronil V. Chandra

Summary
Cervical vertebroplasty is performed far less often than tho-
racic and lumbar vertebroplasty but is an important treatment 
for patients with fractures and neoplastic involvement of the 
cervical spine.  Osseous augmentation of the cervical spine has 
greater technical challenges due to the surrounding neurovas-
cular structures and the small size of the vertebral bodies and 
should be performed by experienced practitioners.  Cervical 
vertebroplasty is typically performed under ÿuoroscopic or CT 
guidance with various approaches utilized such as the tran-
soral, translateral, and transpedicular approaches.  Posterior 
arch osseous augmentation can be performed for neoplastic 
and non-neoplastic pathologies located in the pedicles, laminae, 
and in the spinous process.  Injection of cement into the pedi-
cles or laminae must be done with care as important nerves and 
vessels are located directly adjacent to these osseous structures 
and CT guidance can be very useful when augmenting the pos-
terior arch.  Spinoplasty can be very useful prior to placement 
of interspinous spacers to augment the strength of the spinous 
process in patients at high risk of fracture or osseous erosion 
around the spacer.

Keywords: osseous augmentation, cervical, posterior arch, 
transoral, translateral, pediculoplasty, laminoplasty, spinoplasty

10.1  Cervical Augmentation
10.1.1  Introduction
Percutaneous vertebroplasty is widely considered an eͣective 
procedure in the treatment of selected patients with vertebral 
compression fractures  (VCFs) related to osteoporotic disease, 
primary and secondary osteolytic tumors, and some cases of 
trauma.1 The majority of vertebroplasty procedures are per-
formed in the thoracic and lumbar spine by ÿuoroscopic or 
computed tomography (CT) guidance, where established radio-
logical landmarks and approaches to the body allow safe and 
rapid augmentation. VCFs also occur in the cervical spine, in 
around 1% of patients aͣected by primary or secondary spinal 
neoplasms.2,​3 For these cases, cervical vertebroplasty presents 
an alternative or an adjunct treatment to radiotherapy (RT) or 
cervical spinal surgery in reducing pain and improving stability 
of the VCF. However, compared with thoracolumbar vertebro-
plasty, augmentation in the cervical spine presents technical 

challenges due to the small size of target vertebral bodies, the 
diͤculty in visualizing bony landmarks, and the surrounding 
neurovascular and airway structures. Cervical vertebroplasty 
thus requires special considerations in regard to the procedural 
approach, sedation, and radiological guidance, and should be 
performed by experienced operators.4

Operative surgery of the cervical spine remains essential 
when the spinal canal is compromised and/or when there is 
spinal instability.5,​6 Even when cervical lesions generate insta-
bility, anterior þxation of the spine may not be well tolerated, 
particularly in patients with short life expectancy, immune 
compromise, or signiþcant debilitation. Moreover, even in 
patients with longer life expectancy and greater baseline 
functional status, surgical treatment carries risk of restricted 
cervical movement, which may not be desirable for younger 
patients.

Palliative RT has demonstrated powerful eͣects in the treat-
ment of secondary cervical lesions that require pain relief 
and vertebral bone remineralization.7 It does not require gen-
eral anesthesia, and can be performed in patients who are in 
extremely poor clinical condition. However, post radiation rem-
ineralization generally occurs in 3 to 6 months after treatment, 
with interval risk of vertebral collapse or radiation-speciþc 
complications such as radiation-induced myelitis or soft-tissue 
radionecrosis.8

10.1.2  Historical Perspective
The þrst vertebral augmentation procedure reported in the 
literature was performed in the cervical spine by Galibert 
et al, who performed vertebroplasty to treat an aggressive C2 
hemangioma.9 The procedure provided rapid, almost complete 
pain relief for the patient, leading to an increased uptake of the 
procedure and application to treat thoracolumbar fractures. 
It is currently considered highly eͣective for cervical lesions 
and can be considered the best treatment option after strin-
gent patient selection, even in extremely aggressive osteolytic 
lesions (̀Fig. 10.1a, b).

10.1.3  Image Guidance
Conventional vertebroplasty can be safely performed under 
either ÿuoroscopic or CT guidance; the choice of either 
method is at the discretion of the practitioner. In cervical 

Fig. 10.1  Multiple myeloma with subtotal  
C2 osteolysis (white arrow). Only a faint cortical 
bone can be appreciated (white arrowheads), 
with dramatic cervical pain and need for  
immediate stabilization (a). After the proce-
dure, complete C2 augmentation, reproducing 
the dens (black arrow), is obtained, regaining 
the conventional C1–C2 joint function, avoiding 
more severe posterior occipital bone–C3  
surgical þxation (b).
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11  Balloon Kyphoplasty
James Mooney, John W. Amburgy, D. Mitchell Self, Leah J. Schoel, and M.R. Chambers

Summary
Balloon kyphoplasty is a minimally invasive vertebral augmen-
tation procedure used to treat painful vertebral compression 
fractures. The goal of any vertebral augmentation procedure 
is pain reduction, stabilization of the fracture, and improve-
ment in patient function. Unique to balloon kyphoplasty is 
restoration of vertebral body height and reduction of kyphotic 
angulation through the use of inÿatable bone tamps. In addi-
tion, the balloon tamps reduce the risk of cement leakage by 
facilitating an injection that follows the path of least resistance 
into and around the cavity created by the balloon. In this chap-
ter, the diagnostic criteria, techniques, indications, and contra-
indications are discussed. Materials, equipment, imaging, and 
the procedure itself are described in detail. In addition, the 
importance of sagittal balance restoration and realignment is 
addressed as it relates to the risk of adjacent fractures. The risks 
and beneþts of balloon kyphoplasty are summarized.

Keywords: balloon kyphoplasty, vertebral augmentation, 
vertebral compression fracture, bone cement, vertebral height, 
kyphotic angulation, sagittal balance, minimally invasive

11.1  Introduction
Vertebral augmentation is a category of surgical procedures 
used to treat vertebral fractures and includes vertebroplasty, 
kyphoplasty, and implants. The goal of any vertebral augmenta-
tion procedure is the minimally invasive reduction and stabili-
zation of a painful vertebral compression fracture (VCF). Unique 
to balloon kyphoplasty is restoration of vertebral body height 
and reduction of kyphotic angulation through the use of inÿat-
able bone tamps. The balloon tamps reduce the risk of cement 
leakage by facilitating an injection that follows the path of least 
resistance into and around the cavity created by the balloon.

11.2  Materials
The surgical equipment is available through numerous sources. 
A comprehensive list of manufacturers, materials, and equip-
ment for kyphoplasty can be found in ̀Table 11.1. Components 
available from Medtronic Kyphon are listed in the following 
sections and shown in ̀Fig. 11.1.

Fig. 11.1  Kyphon Balloon Kyphoplasty devic-
es. (a) Kyphon Osteo Introducers (Diamond 
introducer, Bevel introducer, and drill shown). 
(b) Kyphon inÿatable bone tamps. (c) Kyphon 
inÿation syringe. (d) Kyphon cement delivery 
system. (e) Kyphon Latitude II Curette.
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11.4  Indications and 
Contraindications
Indications for kyphoplasty include intractable severe pain or 
moderate to severe persistent pain associated and correlat-
ing with a VCF. In 2017, a multidisciplinary expert panel of 
orthopaedic and neurosurgeons, interventional radiologists, 
and pain specialists, using the RAND/UCLA Appropriateness 
Method  (RUAM), developed the Clinical Care Pathway  (CCP), 
deþning patient-speciþc recommendations for vertebral fragil-
ity fractures (VFF). The panel assessed the relative importance 
of signs and symptoms for the suspicion of VFF, the relevance 
of diagnostic procedures, and the appropriateness of vertebral 
augmentation versus nonsurgical management for a variety of 
clinical scenarios  (̀Fig. 11.3). Their report included the fol-
lowing guidelines for relative and absolute contraindications 
(̀Table 11.2).

Absolute contraindications include active infection at the 
surgical site and untreated blood-borne infections. Strong 
contraindications include osteomyelitis, pregnancy, allergy 
to þll material, coagulopathy, spinal instability, myelopathy 
from the fracture, neurologic deþcit, and neural impinge-
ment. Although dependent on degree, fracture repulsion 
and canal compromise are not generally a contraindication. 
Relative contraindications include cardiorespiratory compro-
mise such that safe sedation or anesthesia cannot be achieved 
and in such cases the procedure may need to be done under 

local anesthesia. Breach of posterior vertebral cortex by tumor 
and tumor extension into the spinal canal are also relative 
contraindications for percutaneous vertebral augmentation 
techniques due to the potential for leakage of cement and/or 
displacement of tumor posteriorly.

11.5  Procedure
Kyphoplasty may be performed under general anesthesia or 
monitored anesthesia care (MAC) with conscious sedation and 
local anesthetic. In our practice, with rare exceptions, we per-
form kyphoplasty under general endotracheal anesthesia. In 
patients who cannot tolerate general anesthesia due to severe 
cardiopulmonary disease, for example, sedation with MAC 
is used with caution to avoid oversedation and respiratory 
compromise.

The patient is positioned prone on the operating table 
with shoulder and hip bolsters to aid in spinal extension and 
vertebral height restoration. All pressure points are padded 
and checked. With ÿuoroscopic guidance for localization, 
the area of planned surgery is prepped and draped in the 
usual sterile fashion. Appropriate prophylactic antibiotics 
are administered. Fluoroscopy is used to identify the pedi-
cles and fractured vertebral body. Fluoroscopic views include 
true AP and lateral views. Another technique includes the en 
face view, directed down the longitudinal axis of the pedicle  
(̀Fig. 11.4).

Fig. 11.2  Sagittal (a) T1 turbo spin echo (TSE), (b) T2 TSE, and (c) T2 short tau inversion recovery (STIR) images of an acute L1 vertebral com-
pression fracture (white arrows). Bone marrow edema is hypointense on T1-weighted and hyperintense on T2 STIR images. (These images are 
provided courtesy of Dr. M. R. Chambers).
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Fig. 11.3  The clinical care pathway (CCP) for 
the management of vertebral compression 
fractures.

Table 11.2  Absolute and relative contraindications for kyphoplasty 

Condition Panel recommendation

Active infection at surgical site Absolute contraindication for curent vertebral augmentation (VA).

Untreated blood-borne infection Absolute contraindication. Preoperative antibiotic (parenteral) therapy is required. Once cultures are nega-
tive, following an appropriate period of antibiotic therapy, one can proceed with caution.

Osteomyelitis Usually a strong contraindication for VA. In rare situations, VA may be considered, for example, if the 
patient is not stable for an open procedure and the infection is chronic and caused by a less virulent organ-
ism. The infection may then be controlled locally with antibiotic-loaded cement and long-term antibiotic 
suppression.

Pregnancy Although VA is usually contraindicated in pregnant patients, there may be exceptional situations in which 
beneþts could prevail over risks. Radiation exposure to the fetus should be minimized.

Allergy to þll material Relative contraindication, depending on the severity of the allergy. If prior reactions were not associated 
with severe anaphylaxis, the allergy can be pretreated with steroids, Tylenol, and Benadryl. Alternatively, 
another þll material can be chosen.

Coagulopathy Relative contraindication. Try to normalize/correct clotting function if possible (international normalized 
ratio [INR] < 1.7). The risk of bleeding should be balanced against the complications from bed rest. Caution 
in patients with thrombocytopenia (platelets less than 30,000/ȼL).

Spinal instability Relative contraindication, depending on the degree of instability and level of fracture. If needed, plan an 
additional intervention to address instability, possibly but not necessarily in the same session.

Myelopathy from the fracture Relative contraindication. Decompression and stabilization is the preferred option, but VA may be considered 
if the patient is unable to undergo surgery. Coordination with spine surgeon and neurologist is mandatory.

(Continued)
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Local anesthetic is injected and a small stab incision is made 
with a no. 15 or a no. 11 blade approximately 1 cm superior and 
2 cm lateral to the superior pedicle border. For a standard trans-
pedicular approach, the Jamshidi needle is inserted and guided 
under direct ÿuoroscopy through the pedicle into the vertebral 
body. Other approaches and access techniques may also be 
used (see Chapter 6). The inner cannula is removed and replaced 
with a K-wire. Using the Seldinger technique, the Jamshidi can-
nula is removed and the cannulated osteointroducer is passed 

over the K-wire and advanced through two-thirds of the AP 
vertebral body diameter. The K-wire and inner cannula are 
removed when the outer cannula position is conþrmed. The 
drill is passed manually with ÿuoroscopic guidance to create a 
void for the bone tamp and to obtain biopsy material for pathol-
ogy. Core bone biopsies may be obtained through the intro-
ducer or a biopsy cannula (̀Fig. 11.1).

Next, a 10- or 15-mm bone tamp connected to a syringe 
preþlled with iodinated contrast is inserted through the 

Fig. 11.4  (a) Proper positioning of patient 
and anteroposterior and lateral ÿuoroscopy 
for kyphoplasty procedure. (Source: Kim CW, 
Garþn SR. Percutaneous cement augmenta-
tion techniques [vertebroplasty, kyphoplasty]. 
In: Vaccaro AR, Albert TJ. Spine Surgery: 
Tricks of the Trade. New York, NY: Thieme; 
2009:250ð254.) (b) The en face view provides 
an angle directly down the axis of the pedi-
cle. (Source: Resnick DK, Barr JD, and Garþn 
SR. Vertebroplasty and Kyphoplasty. 1st ed. 
New York, NY: Thieme Publishers; 2005.) 
(c) Fluoroscopic view: 20-degree ipsilateral 
right-sided oblique; starting position on the 
upper outer pedicle (white circle).

Table 11.2  (Continued) Absolute and relative contraindications for kyphoplasty 

Condition Panel recommendation

Neurologic deþcit Relative contraindication. Additional decompression with or without stabilization may be required. Patients 
should be informed about the risk of cement in the spinal canal. Coordination with spine surgeon and 
neurologist is mandatory.

Neural impingement Relative contraindication, depending on the degree. Take extra care to avoid delivery of cement into canal 
or neural foramen. May need an additional open procedure.

Fracture retropulsion/canal compromise Generally not a contraindication. Avoid hyperextension or aggravating stenosis. A CT scan may be used to 
determine integrity of posterior wall.
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cannula and, under direct ÿuoroscopic guidance, guided into 
the tract created by the drill. The radiopaque markers on the 
balloon tamp are visualized distal to the cannula sheath in 
both AP and lateral ÿuoroscopic images. When a bilateral 
approach is used, this procedure is repeated identically on 
the contralateral side.

The use of balloon tamps allows for safe and gentle end plate 
reduction, displacement of trabecular bone, and the creation of 
a void. The balloon tamps are incrementally inÿated while being 
monitored with AP and lateral imaging. Digital manometers 
incorporated into the inÿation devices demonstrate increases 
in pressure with each increase in volume. The pressure then 
gradually diminishes as the trabecular bone is displaced. This 
process is repeated as safely tolerated. Fracture reduction is 
guided by the degree of end plate distraction, height restora-
tion, and reduction of kyphotic angulation. Pressure, volume, 
and ÿuoroscopic images will all dictate an endpoint. There 
should be no breach of lateral wall or anterior cortex of the 
vertebral body. The þnal balloon volume is recorded and one 
or both tamps are deÿated and removed. The cement-delivery 
cannula is inserted through the working channel and advanced 
until the tip of the cannula reaches the anterior extent of the 
void created by the tamp, preferably just posterior to the ante-
rior cortical wall of the vertebral body. The rod is used to expel 
cement from the cannula. As cement is delivered, the cannula 
and rod are retracted gently to allow room for the cement to 
þll the void. As the cement extends posteriorly, the injection 
should be slow to watch for extravasation. The cement should 
extend from superior to inferior end plate and be located 
between the pedicles. The cement can extend up to the pos-
terior vertebral body wall, but it is important to watch for and 
recognize extension of cement beyond this margin. This process 
is repeated on each side until an adequate þll is achieved. As 
the cement begins to harden, the cannulas are removed. The 
internal þxation and stabilization of the vertebrae is achieved 
through the hardening of the cement injected into the verte-
bral body. Final ÿuoroscopic images are taken to document the 
þnal cement position. Wounds are dressed with Dermabond or 
Steri-Strips (̀Fig. 11.5).

11.5.1  Bilateral versus Unilateral 
Approach
Several large systematic reviews of randomized control trials 
have examined the diͣerence between bilateral and unilateral 
approaches for kyphoplasty. Some diͣerences were observed 
between the two approaches in terms of height restoration, 
correction of kyphotic angulation, and patient ratings of pain.4,​5

In an analysis of 15 randomized control trials including 
850 patients, Yang et al found no diͣerence in quality-of-life 
or complications from surgery between bilateral and unilateral 
kyphoplasty.4 Chen et al found that the unilateral approach 
resulted in a shorter operative time, smaller amount of cement 
injected, and lower risk of cement leakage.5 There were no 
statistically signiþcant diͣerences in visual analog scale pain 
scores, height changes, or kyphotic angle changes between 
the groups.5 Papanastassiou et al examined the diͣerences 
between unilateral and bilateral kyphoplasty in multiple mye-
loma patients and found no diͣerence in clinical or radiological 
outcomes.6 Huang et al in a review of þve studies including 253 
patients found no clinically important diͣerences but suggested 
that unilateral kyphoplasty is advantageous due to decreased 
operative time and cost.7 Similarly, in a systematic review and 
meta-analysis including 563 patients, Sun et al noted that uni-
lateral approach led to decreased surgical time, cement con-
sumption, and cement leakage; reduced radiation dose and 
hospitalization costs; and improved short-term general health.8

There are also substantial data supporting the bilateral 
approach for optimal outcomes in vertebral augmentation 
with balloon kyphoplasty. In a retrospective study of 296 
patients with osteoporotic VCFs, Bozkurt et al showed that 
although there was no statistically signiþcant diͣerence 
between unilateral kyphoplasty and vertebroplasty regarding 
height restoration of the fractured vertebral body, there was 
a further advantage of signiþcant height restoration of bilat-
eral kyphoplasty compared to the other two techniques.9 The 
advantage of height restoration with a bilateral technique is 
also supported by a meta-analysis of þve studies that reported 
a short-term follow-up that indicated bilateral balloon 

Fig. 11.5  Pre- and postoperative images 
demonstrating cement þlling and height resto-
ration after kyphoplasty of an L1 compression 
fracture. Measurements are made at three 
points from posterior (measurement on a) to 
anterior (measurement on b). The height of 
the three points of the vertebral body is listed 
in millimeters. (These images are provided 
courtesy of Dr. M. R. Chambers.)
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kyphoplasty had a signiþcantly  (p = 0.03) better degree of 
anterior vertebral height restoration than unilateral balloon 
kyphoplasty.10

In general, based on the above studies and analyses, a 
unilateral approach provides an advantage regarding pro-
cedure time, procedure and hospital costs, radiation dose, 
and improved short-term health and cement extravasation. 
Additionally, there appears to be no signiþcant diͣerence in 
the unilateral versus bilateral approach with respect to pain 
reduction, quality-of-life improvement, or procedural compli-
cations. Finally, balloon kyphoplasty using a bilateral approach 
has been shown to provide signiþcantly better short-term 
height restoration than the same procedure performed via a 
unilateral approach.

11.6 Risks and Beneþts
As with any surgical procedure, possible adverse events include 
infection, hemorrhage, cardiac arrest, and stroke. Other risks 
speciþc to kyphoplasty include cement leakage and emboli, spi-
nal cord compression, and nerve injury. Risks related to balloon 
failure are generally minimal. With failure or rupture of the 
balloon, pressure will rapidly drop to or near zero and a small 
amount of contrast medium and saline escape. The balloon may 
be gently removed after deÿation. Fortunately, the complication 
rate for kyphoplasty is very low and this procedure has been 
shown to lead to signiþcant and sustained reduction of pain, 
disability, and opioid analgesic usage, which results in a signiþ-
cantly improved quality of life.11–​16

11.7  Importance of Sagittal 
Balance Restoration and Kyphosis 
Correction
The physical consequences of vertebral deformity, sagittal 
imbalance, and kyphosis include reduced pulmonary func-
tion, early satiety and gastric distress, diͤculty with balance, 
postural compensation with altered gait and reduced velocity, 
chronic back pain, reduced activity and function, increased frac-
ture risk independent of bone mineral density, and increased 
mortality.9,​10,​17–​28

Sagittal balance is recognized as an important factor in 
determining outcomes following spine surgery and is included 
in the radiographic assessment of spinal deformity.29ð​32 Many 
patients with VCFs present with sagittal imbalance due to the 
kyphosis caused by the compression fracture itself. Sagittal bal-
ance is determined with respect to a plumb line drawn from 
the middle of the C7 vertebral body. In normal sagittal balance, 
the line will pass through a point at the posterosuperior aspect 
of the S1 vertebral body. A patient is in positive balance if the 
line passes greater than 2 cm anterior to this point and in nega-
tive balance if the line passes greater than 2cm posterior to the 
same point (̀Fig. 11.6).

Few studies have directly examined the relationship between 
kyphoplasty and sagittal vertical axis (SVA) correction. Pradhan 
et al retrospectively reviewed 65 patients undergoing level 1 to 
3 kyphoplasty procedures to examine the eͣects of single and 

multilevel kyphoplasty on local and overall sagittal alignment of 
the spine. The authors found that the majority of kyphosis cor-
rection by kyphoplasty was limited to the vertebral body treated 

Fig. 11.6  Sagittal balance is determined by the C7 plumb line, which 
is a vertical line drawn from the center of the C7 vertebral body. 
Positive sagittal balance occurs when this line falls greater than  
2 cm anterior to the posterosuperior corner of S1. Negative sagittal 
balance occurs when the line falls greater than 2 cm posterior to this 
point. (Source: Dickson R, Harms J, eds. Pathogenesis. In: Modern 
Management of Spinal Deformities: A Theoretical, Practical, and 
Evidence-Based Text. 1st ed. New York, NY: Thieme; 2018.)

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



11.8  Adjacent Fractures

95

and that correction over longer spans with multilevel kyphop-
lasties could achieve improved sagittal balance.33 In a study of 
21 patients who underwent kyphoplasty, Yokoyama et al found 
that the preoperative SVA was 7 Ñ 3.9 cm, demonstrating a sig-
niþcant shift to anterior (positive) sagittal balance as compared 
to a healthy group that measured 1.45 ± 2.7 cm. After kyphop-
lasty, the SVA decreased to 5.02 Ñ 2.91 and this decrease corre-
lated with the kyphotic reduction of the treated vertebrae.34

Reports examining the correlation between restoration of 
sagittal balance alignment and clinical outcome parameters 
have been mixed. Several studies have shown that improve-
ments in sagittal balance after kyphoplasty are correlated with 
surgical outcomes involving pain and quality-of-life scores.35​–​37 
Particularly in patients with adult degenerative spinal deform-
ity, correlations between sagittal balance correction and 
surgical outcomes have been strong. However, other studies 
have demonstrated no relationship between sagittal balance 
alignment restoration and clinical outcome parameters.38–​42 
The FREE trial, a randomized, nonblinded trail comparing 
kyphoplasty with nonsurgical management of acute painful 
vertebral fractures, reported that patients with the greatest 
quality-of-life improvement, based on the SF-36 PCS (physical 
component summary) scores, had the better kyphosis correc-
tion  (5.18 degrees) compared with the subgroup having the 
least quality-of-life improvement  (1.98 degrees of angula-
tion correction). Similarly, patients with the highest kyphotic 
angulation correction had higher SF-36 PCS quality-of-life 
improvement.35

11.8  Adjacent Fractures
Additional fractures have been reported following verte-
bral augmentation procedures, but the causal relationship 
between the procedures and subsequent adjacent vertebral 
fractures is doubtful as patients with osteoporosis who do 
not undergo surgery also develop additional fractures.43–​53 A 
fracture rate above that of the natural history of osteoporosis 

has not been demonstrated. Additional fractures occur more 
quickly in patients who have undergone augmentation 
as compared to those who have not. This may explain the 
perception that augmented patients fracture more often 
(̀Fig. 11.7).20,​54–56

Regardless of bone mineral density, age, and other clinical 
risk factors, vertebral fractures conþrmed radiographicallyñ
even if asymptomaticñsignal-impaired bone quality and 
strongly predict new vertebral and other nonvertebral frac-
tures. The presence of a single vertebral fracture increases the 
risk of subsequent vertebral fractures þvefold and the risk of hip 
and other fractures twofold to threefold.57 Following an initial 
fracture, osteoporotic patients not treated with systemic anti-
osteoporosis therapy develop an additional fracture at twice 
the rate (20%) of those on antiresorptive medication and even 
fewer vertebral fractures are seen in patients receiving anabolic 
bone agents with dramatic absolute and relative risk reductions 
of 3.6 and 86%, respectively.52,​55,​58,​59

Vertebral augmentation may serve to decrease additional 
or adjacent-level fractures. Numerous studies have demon-
strated a lower incidence of adjacent fractures in patients 
treated with kyphoplasty (4.2%), compared to published rates 
in untreated patients with osteoporotic fractures  (20%).15 In 
retrospectively analyzing 240 patients with painful VCFs, Baek 
et al found that risk for adjacent-level fractures after verte-
bral augmentation decreased signiþcantly when the SVA was 
less than 6 cm and the segmental kyphotic angle was less 
than 11 degrees.60 In a matched prospective study, Palombaro 
reported a 6-month adjacent fracture rate of 37% in patients 
treated with balloon kyphoplasty and 65% in nonsurgically 
treated patients.61

Kyphosis resulting from a wedge-shaped fracture shifts the 
center of gravity of the upper body forward. This increases the 
ÿexion bending moment and leads to a compensatory stance 
with hamstrings foreshortened  (knees bent) and paraspinal 
muscle activity increased in the eͣort to maintain balance. In 
a þnite element study, Rohlmann et al measured intradiskal 

Fig. 11.7  (a, b) Postoperative images following 
a three-level kyphoplasty procedure. (Source: 
Resnick DK, Barr JD, and Garþn SR. Vertebro-
plasty and Kyphoplasty. 1st ed. New York, NY: 
Thieme Publishers; 2005.)
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pressure  (IDP) in the disks adjacent to a fractured vertebra 
before and after augmentation. The elastic modulus of PMMA 
varied between 1,000 and 3,000 MPa and the volume between 
4 and 10 mL. The eͣects of volume and elastic modulus of 
bone cement on IDP were negligible. Augmentation of the frac-
tured vertebral body with bone cement had a much smaller 
eͣect on IDP than did the vertebral fracture itself  (with or 
without compensatory upper-body shift). In cadaveric studies 
completed in 2005, Berlemann et al described a “stress riser” 
eͣect weakening a functional spinal unit (two vertebral bodies 
and the intervening disk), whereby increased stiͣness of the 
treated vertebra altered the load transfer to the noncemented 
adjacent level.55 Much more pronounced than any stiͣness 
increase resulting from cement injection is the eͣect on spi-
nal load resulting from the fracture and upper-body shift.62 
Restoration of anterior vertebral body height and correction 
of kyphosis reduces the compressive forces by reducing the  
bending moment.63

Luo et al analyzed òstress proþlesó of 28 cadaveric spine 
specimen comprising three thoracolumbar vertebrae and 
intervening disks and ligaments before and after compression 
injury to one of the three vertebrae, and again after vertebro-
plasty. Induction of the injury reduced IDP to an average of 
47% of prefracture value at the aͣected level and 73% of base-
line values at adjacent levels. Injury also transferred compres-
sive load bearing from the nucleus to the annulus and from 
the disk to the neural arch. Vertebroplasty partially reversed 
these changes, increasing mean IDP to 76 and 81% of baseline 
values at fractured and adjacent levels, respectively. Following 
injury, a 14-fold increase in creep deformation of the vertebral 
body under load was noted. Vertebroplasty also reversed these 
changes, reducing deformation of the anterior vertebral body 
by 62% at the fractured level and 52% at the adjacent level, com-
pared to postfracture values.64

Balloon kyphoplasty has been shown to signiþcantly  
(p < 0.001) restore more than 80% of the original vertebral height 
following a wedge fracture and to correct vertebral wedge 
fracture deformity in up to 92% of patients65,​66 with changes 
remaining stable for at least two years following surgery.65 Local 
kyphosis reduction continues to be one of the advantages of 
balloon kyphoplasty over vertebroplasty. Reduction of kypho-
sis with kyphoplasty has been shown to be greater than that 
for vertebroplasty  (3.7–8 degrees vs. 0.5–3 degrees) and this 
kyphotic correction allows for a more eͣortless upright posture 
leading to relaxation of the paraspinal muscles, reduced pain, 
and fewer additional VCFs.12

Although there is limited evidence that postural reduc-
tion (preoperative positioning) is the most important factor for 
kyphosis correction,67 there is strong evidence that the balloon 
tamps used in kyphoplasty enhance reduction greater than 4.5-
fold over positioning maneuvers alone and account for over 80% 
of the reduction.35–37,​40–​42,​68–79

More information on additional or adjacent VCFs after verte-
bral augmentation can be found in Chapter 17.

11.9  Postoperative Care
Although it is customary to perform kyphoplasty as an outpa-
tient procedure, many aͣected patients are elderly and have 
multiple medical comorbidities; thus, an overnight admission 
may be indicated. Elderly patients have an inherent progressive 
loss of functional reserve in all organ systems. Common causes of 
postoperative morbidity include atelectasis, bronchitis, pneumo-
nia, delirium, heart failure, and myocardial infarction.3

Increased vulnerability to perioperative stress favors min-
imally invasive surgery with shorter operative times and a 
shorter hospital stay. Meticulous intraoperative management 
of coexisting disorders and postoperative pain control will help 
mitigate patient stress. When treating elderly patients, the cli-
nician should always keep in mind that changes in pharmacoki-
netics and pharmacodynamics render some medications more 
potent in geriatric patients. Morphine clearance, for example, 
is decreased in the elderly, leading to a decreased narcotic 
requirement for pain relief. There is an increase in brain sensi-
tivity to opioids with age.3

Patients are encouraged at discharge to resume all of their 
typical daily activities as soon as feasible with few restrictions. 
Patients are examined at 2 weeks postoperatively to evalu-
ate their response to the procedure, their progress in healing, 
and to determine the need for additional care including phys-
ical therapy. Back-strengthening programs are often useful in 
these patients after kyphoplasty. All patients presenting with 
VFF should be referred for bone mineral density monitoring 
and osteoporosis education with treatment as indicated. The 
treatment of their underlying disorder of osteoporosis will be 
discussed in greater detail in Chapter 34. If their pain is not 
resolved or signiþcantly diminished following kyphoplasty, 
re-evaluation with imaging is indicated. There are countless 
nonsurgical causes of back pain as well as frequent additional 
vertebral fractures after the initial vertebral augmentation 
procedure.

11.10  Conclusion
Kyphoplasty is a minimally invasive procedure designed to 
relieve pain and improve function in patients with pain and 
disability associated with VCFs. Results of numerous studies 
have demonstrated signiþcant and durable pain relief, reduced 
disability, improved function, and enhanced quality of life after 
kyphoplasty in patients with VCFs resulting from a wide range 
of etiologies. In addition, restoration of vertebral height, correc-
tion of kyphotic angulation, and improved sagittal balance may 
decrease the risk of future vertebral fractures.

Performed under general anesthesia or MAC with sedation 
and local anesthetic, kyphoplasty has an extremely low com-
plication rate in experienced hands and has been shown to sig-
niþcantly improve the rates of patient morbidity and mortality. 
Kyphoplasty remains a þrst-line treatment option for patients 
with painful VCFs unresponsive to medical therapy.
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12  Vertebral Augmentation with Implants
Dimitrios K. Filippiadis, Stefano Marcia, and Alexios Kelekis

Summary
Implant augmentation was developed after vertebroplasty and 
balloon kyphoplasty and is indicated when improvement of 
the post-fracture kyphotic angle is a primary treatment goal.  
Correction of the kyphotic angle and having optimal stabiliza-
tion of the vertebral body is associated with a decreased rate 
of additional fractures and greater improvement of pain.  The 
indications and contraindications for vertebral body implants 
are similar to those for vertebroplasty and balloon kyphop-
lasty and implants are indicated for fractures associated with 
trauma, osteoporosis, and neoplasia.  The currently used verte-
bral implants used to treat fractures include the vertebral body 
stent, the SpineJack, Osseoþx, VerteLift, and the Kiva implant. 
Vertebral implants are typically placed through larger diameter 
systems so the size of the pedicle should be considered when 
placing the implant via a transpedicular approach or the physi-
cian may opt to use an extrapedicular approach.  Implant aug-
mentation is typically slightly more complex than the precursor 
forms of vertebral augmentation and all of the implants are 
placed bilaterally except for the Kiva implant which is placed 
through unilateral access. The main advantages of implant 
augmentation over vertebroplasty and balloon kyphoplasty 
include better reduction of the compressed vertebral body, bet-
ter pain improvement, and less adjacent or additional vertebral 
compression fractures.  Additional investigation into the cost-
eͣectiveness of implant augmentation will need to be done as 
well as additional development of smaller implants for use in 
the upper thoracic and cervical spine.

Keywords: implant augmentation, vertebral body stenting, 
SpineJack, Kiva, Osseoþx, VerteLift

12.1  Introduction
Apart from pain and mobility impairment, vertebral compres-
sion fractures (VCFs) result in deformities that in the long term 
can cause potential systemic complications as well as increased 
chance of future vertebral fractures of either the adjacent 
vertebral segments or other vertebral bodies.

One of the indications for use of intraosseous implants is 
the attempt to correct the kyphotic angle. Mechanical eͣects 
of kyphosis include decreased thoracic and abdominal space, 
anterior shift of the craniothoracic center of gravity, and a com-
pensatory counterkyphotic stance with subsequent clinical con-
sequences such as decreased appetite with resultant nutritional 

impact, frailty, increased future VCF risk, and secondary chronic 
back pain due to constant paraspinal muscular contraction.1–4 
With current evidence, it is clear that percutaneous vertebro-
plasty and balloon kyphoplasty  (BKP) are more eͤcient than 
conservative therapy for the management of painful fractures, 
prolonging survival, and preventing morbidity in these patients.1 
Use of vertebral implants, combined with cement injection, is 
intended to provide analgesic and stabilizing eͣects along with 
kyphotic angle correction and vertebral height restoration. 
Correction of the kyphotic angle may be associated with optimal 
spinal alignment, paraspinal muscle relaxation, a more upright 
posture, and reduced pain along with a signiþcantly higher 
improvement in function and quality of life.4,​5

Another potential use of the intraosseous implants is to 
provide stabilization of the fracture along with the improved 
sagittal alignment to optimize and decrease the stress on the 
adjacent vertebral bodies. The prospect of stabilizing the ver-
tebral body by using vertebroplasty or even kyphoplasty might 
be associated with a higher risk of refracture due to the less 
optimal restoration of the vertebral height.1,​6 In fractures 
where simple augmentation is contraindicated, the use of an 
alternative material with diͣerent mechanical properties than 
polymethyl methacrylate (PMMA) can have an additive eͣect to 
normalize the spinal compression forces.

The purpose of this chapter is to describe the most com-
monly used vertebral implants and the implantation procedures 
associated with placing these implants. The advantages and 
disadvantages of diͣerent products will be addressed.

12.2  The Implants
Vertebral implants for fracture treatment include stents, jacks, 
polyether ether ketone  (PEEK) cages, and fracture reduction 
systems. Indications for implants include osteoporotic or trau-
matic fractures as well as primary or metastatic neoplastic 
spine disease.6,​7 The contraindications are similar to those for 
standard vertebral augmentation techniques, including asymp-
tomatic fractures, pain relief with conservative therapy, local or 
systemic infection, severe coagulopathy, and severe cardiore-
spiratory disease.6,​7

Vertebral body stenting  (VBS): VBS is a minimally invasive 
percutaneous technique during which an expandable cobaltð 
chromium device is deployed inside the vertebral body  
(̀Fig.  12.1). The stent access kit includes guidewires, trocars, 

Fig. 12.1  (a) Lateral and (b) posteroanterior 
ÿuoroscopy views post implantation and  
cement injection of vertebral body stents.
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through which the nonexpanded implant is inserted and then 
subsequently expanded (the system has a stop mechanism to 
prevent excessive expansion). Once the implant is dilated, it 
cannot be percutaneously removed. Finally, cement is injected 
into the implant though the working cannula (̀Fig. 12.3).11,​12

VerteLift: Access cannulas for the VerteLift system are inse- 
rted through the access needles and a manual drill is used to 
create the implantõs delivery pathway. The implants are deliv-
ered, positioned, and deployed using a multifunctional handle 
attached to the delivery system. After correct positioning of 
the implant, the delivery system is detached and injection of 
cement follows (̀Fig. 12.4).13

KIVA system: A standard needle is inserted into the verte-
bral body using a transpedicular approach. The needle is place 
ipsilaterally and horizontally aligned with the unfractured end 
plate aiming at the lateral portion of the vertebral body. A guide 
pin is used to exchange the needle cannula with a drilling dilator 
and that is then introduced into the vertebral body. The drilling 
dilatory is placed up to 3 to 5 mm from the anterior vertebral 
body all which leaves the shorter working cannula positioned 
just anterior to the posterior vertebral body wall. The appro-
priate implant deployment device is then chosen for either a 
right-sided or a left-sided insertion and the nitinol wire is then 
inserted into the vertebral body by twisting the blue knob on 
the side of the deployment device. After the nitinol wire is 
placed, the PEEK implant is inserted into the vertebral body 
over the coiled wire by twisting the white knob on the other 
side of the deployment device. After the PEEK implant is deliv-
ered over the guidewire in a continuous, spiral loop, the wire is 
removed and the PEEK cage is þlled with cement (̀Fig. 12.5).4

12.4  Bilateral versus Unilateral 
Approach
According to the manufacturerõs guidelines, the vast majority 
of vertebral implants should be placed in pairs inside the ver-
tebral body through a bilateral access. The KIVA system is the 
only implant, according to the manufacturerõs guidelines, that is 
designed to be placed via a unilateral transpedicular approach. 
Pua et al have proposed the òcentral stentoplastyó approach 
inserting the Osseoþx titanium mesh cage system into vertebral 
bodies using cone-beam CT guidance.15 Unilateral approaches 
receive less radiation dose and operation time, being similarly 
eͣective in alleviating the back pain, but a unilateral approach 
may be less eͣective at reducing the vertebral fracture and rees-
tablishing the prefracture vertebral height. There is a paucity of 
data; however, comparing unilateral and bilateral approaches 
for implant placement and additional randomized controlled 
trials would be needed to assess for safety, eͤcacy, biomechan-
ical stability, and adverse events related to unilateral and bilat-
eral approaches.

12.5  Advantages and 
Disadvantages of Vertebral 
Implants
Implants aim to provide long-term vertebral height restoration 
and correction of kyphosis, as well as additional support compared  

to standard augmentation. In selected cases of extreme frac-
tures, implants can work as anchors, thus providing extra sup-
port against shearing forces, where the risk of cement failure is 
higher. Thus far, there are no completed and published clinical 
studies proving the concept of structural support superiority 
to standard cement or evidence of superiority of one device 
over the other. Despite this, preliminary data available at the 
time of this writing from the 151-patient randomized place-
bo-controlled SAKOS trial comparing the SpineJack to the KyphX 
Xpander Inÿatable Bone Tamp suggest that both SpineJack and 
BKP had comparable eͣects on function improvement and QOL, 
but SpineJack appears to be signiþcantly better than BKP for pain 
relief, VB height restoration, and in decreasing the rate of adja-
cent fractures.20

Most biomechanical and other clinical comparative studies 
versus standard augmentation techniques thus far report non-
inferiority of spine implants with a reduced volume of injected 
cement.14 In addition to optimal fracture repair, Noriega et al 
reported that restoration of the previous spinal alignment at the 
fractured segment seems to be a crucial factor for the mainte-
nance of normal disk diͣusion.16 In another study comparing an 
early version of vertebral stents with BKP, Werner et al reported 
that vertebral body stents are associated with signiþcantly higher 
pressures during balloon inÿation and more material-related 
complications. This was a relatively small study with only 100 
fractures assessed, but the results showed no clear beneþcial 
eͣect of the stent over that of traditional BKP.17

The disadvantage of all implants is their higher initial cost 
when compared to that of standard vertebral augmentation 
techniques. The smaller proportion of VCF patients who are 
treated with implants can cost up to 70% of the total budget for 
vertebral augmentation.6,​7,​18 At the moment, there is no study 
reporting cost-eͣectiveness of vertebral implants over standard 
techniques, so the þnal determination as to the relative cost- 
eͣectiveness is uncertain. Cost-eͣectiveness assessments are 
essential as it has been shown that despite an initially higher 
cost, BKP was found to be more cost-eͣective than vertebro-
plasty within 2 years in a U.S. study by Ong et al and within  
4 years in a European study by Lange et al.21,​22

Cost-eͣectiveness is determined by many factors including 
quality of treatment eͣect, so a greater beneþt provided to the 
patient could give rise to greater cost-eͣectiveness over time 
relative to technologies with a lower initial cost. Other disad-
vantages of vertebral implant include the aspect that it is some-
what more invasive, the implants are irretrievable, and there is 
an absence of adapted material for implantation in the cervical 
and upper thoracic spine and in the sacrum.18

12.6  Postprocedure Care
Depending on the product used, the injection of the cement 
should be done according to the manufacturerõs guidelines; in 
the þrst 2 hours, vital signs and neurological evaluations mainly 
of the extremities should be routinely monitored.19 A CT scan 
can be used to evaluate the anatomic outcome of the fracture 
treatment including the vertebral reduction, kyphotic angle 
correction and any potential cement leakage, device migration/
fracture, or any spinal canal compromise or bony retropulsion. 
If the patient has persistent signiþcant pain after vertebral aug-
mentation, MRI can be used for additional assessment.19
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13  Radiation Exposure and Protection: A Conversation 
Beyond the Inverse Square Law, Thermoluminescent 
Dosimeters, and Lead Aprons
Kieran Murphy, Susannah Ryan, Marie-Constance Lacasse, Adam Thakore, and Danyal Khan

Summary
Although patient protection from radiation is important, inter-
ventionalists have a daily and career long exposure to radiation 
and the protection from this radiation is critically important 
to limit its adverse eͣects. Some of the more common adverse 
eͣects include cataract formation and the development of both 
benign and malignant tumors.  Radiation can cause damage to 
the  deoxyribonucleic acid (DNA) contained within genes which 
can lead to genetic mutations that will give rise to various types 
of cancer.  Recently occupational limits to radiation have been 
decreased by the International Commission on Radiological 
Protection (ICRP) but interventionalists and technologists are 
known to far exceed these limits. Protection from radiation-
induced mutation can include screening for genetic mutations 
that impair the reparation of damaged DNA. It should be noted 
and understood that chronic low dose radiation exposure is 
not benign and the risk associated with working with radiation 
should be acknowledged by the institutions in which we work 
and mitigated by safety regulations developed by the medical 
professionals working in this environment. The radiation dose 
obtained by performing vertebral augmentation can be sub-
stantially reduced by using certain equipment such as cement 
injectors that allow the operator to stand back from the radia-
tion þeld rather than by using syringes that places the operator 
directly in the radiation þeld when injecting.  The knowledge of 
the damaging eͣects of ionizing radiation and how to eͣectively 
limit and control this exposure is key to the safe and eͣective 
continuation of vertebral augmentation and procedures like it.

Keywords: radiation safety, thermoluminescent dosimeter, 
gray Sievert, Oncogenes, DNA, radiation-induced mutation

13.1  Introduction
Most scholarly writing about radiation and procedures focuses 
on the dose to the patient. However, patients have episodic 
and rare exposure in the millisievert (mSv) range. We as a pro-
fession have daily, career-long, low-dose exposure and amass 
over years an accumulate dose that in a busy interventional-
ist practice can be in the therapeutic range and measured in 
gray  (Gy). Familiarity with current guidelines and radiation 
protection devices is a vital prerequisite to working with radi-
ation. However, these preventive measures are often less than 
rigorously adhered to, leading to continuous everyday expo-
sure to low-rate doses of radiation. This results in a signiþcant 
accumulated exposure over a lifetime. Certain procedures in 
particular, including aortic intervention, cardiac electrophysi-
ology, and neurointervention can, result in large doses to the 
operators. Rationalization of the inherent risk by intervention-
alists is common, as are ready excuses such as not wearing their 
radiation protection badge because it was misplaced badges or 

not wearing the appropriate radiation protection because of an 
estimated short duration of the procedure, signiþcant muscu-
lar strain and spasm caused by the heaviness of lead aprons, 
decreased dexterity with lead gloves, or discomfort in wearing 
lead protective glasses. Most of this dismissive and cavalier atti-
tude, however, is most likely due to the innate inability to feel 
threatened by something they cannot see or feel, a duty to the 
patient at any cost, and a workplace culture that supports and 
encourages their actions.

In recent years, many notable interventionalists have broad-
casted their own personal stories on the detrimental conse-
quences of chronic radiation exposure to their long-term health. 
In a documentary produced by the Organization for Occupational 
Radiation Safety in Interventional Fluoroscopy (ORSIF), Dr. Ted 
Diethrich, world renowned cardiovascular surgeon, revealed he 
had previously felt invincible to the eͣects of radiation, before 
being diagnosed with radiation-induced cataracts, premature 
left carotid artery atherosclerosis, and a left brain oligodendro-
glioma.1 Dr. Lindsay Machan, inventor of the drug-eluting coro-
nary stent, has warned his colleagues for years that there is no 
safe level of radiation exposure and of the need to fully protect 
oneself against it, having himself suͣered from bilateral radia-
tion-induced cataracts.2

There is recent, substantial evidence on the increased risk of 
radiation-induced cataracts even at low doses of radiation. The 
ICRP modiþed its eye lens dose thresholds in 2011, to a lifetime 
limit of 0.5 Gy and a yearly limit of 20 mSv/y, with no single year 
to surpass 50 mSv.3 This is a far stricter reduction of the previ-
ous annual average level, which allowed 150 mSv/y to the lens.4

Moreover, chronic radiation exposure and the advance-
ment of radiation-induced tumors have been suggested by 
new peer-reviewed data to have a causal relationship. A recent 
case study recorded 31 individual cases of intervention-
ists diagnosed with various brain and neck tumors, showing 
17 professionals aͣected with glioblastoma multiforme, 5 with 
meningiomas, and 2 with astrocytomas.5 These three types of 
primary tumors are well known for their potential to be radi-
ation induced. Furthermore, a striking þnding in this report 
was that there was 85% left-sided predominance of the lesions, 
hypothesized to be secondary to the X-ray beam being on the 
interventionalistõs left during the procedures. Reeves et al also 
reported that radiation received to the left side of the head was 
16 times higher than that to the right.6

13.2  Gene Mutation and Radiation 
Eͻects on DNA Leading to the 
Development of Cancer
The mutation of one or more genes within a cell is the origin 
of all cancers. This alteration in the sequence of DNA, if not 
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corrected, can result in the production of proteins with diͣer-
ent or lost amino acid sequences, drastically aͣecting protein 
function. In some cases, it can result in a complete lack of pro-
tein being produced at all. Genetic mutations fall under two 
categories: acquired and germ line. Acquired mutations are the 
most common cause of cancer and arise from direct or indi-
rect damage to the DNA of somatic cells and are acquired over 
the course of a personõs life. Acquired mutations are found in a 
group(s) of somatic cells all arising from the same progenitor, 
rather than in sex cells, and are thus not heritable mutations. 
Germ line mutations are less regular, heritable, and arise from 
mutations in reproductive cells. This can result in the possibly 
cancer-inducing mutations being present throughout every 
cell in the organism, including those reproductive cells of the 
ensuing progeny.

Our DNA is consistently being attacked by the products of 
cellular metabolism, viral infections, ultraviolet  (UV) radiation, 
chemical exposure, and replication errors, all of which frequently 
cause genetic mutations. Of course, there exists a multitude of 
cellular repair mechanisms to rectify these DNA-induced muta-
tions. It is the failure of these systems to recognize or repair DNA 
damage, or to trigger apoptosis where the damage may not be 
mended. This can result in the accumulation of mutations, which 
can lead to cancer and other genetic diseases. Cancer is there-
fore unlikely to be caused by a single mutation; rather, it will take 
numerous mutations acquired over a lifetime for a cancer to form. 
Ionizing radiation is a conþrmed and long-standing mutagen, 
producing mutation through a variety of molecular mechanisms 
including single-stranded DNA breaks, double-stranded DNA 
breaks, nucleotide substitution, and sugar ribose alterations.7,​8

Many of the genes central to the development of cancer 
can be grouped into three categories: tumor suppressor genes, 
oncogenes, and DNA repair genes. Tumor suppressor genes 
are responsible for restricting cell growth by modulating cell 
mitosis, repairing certain kinds of DNA mismatch, or induc-
ing apoptosis if the damage cannot be þxed. Tumor suppres-
sor mutations tend to be loss of function, which allows cells to 
grow and undergo mitosis at an unchecked rate, resulting in 
tumor formation. Oncogenes can be deþned as any gene that 
when mutated or expressed at suitably high levels contrib-
utes to the transformation of a normal cell into a cancer cell. 
Oncogenic mutations are not heritable and are acquired over 
time. Finally, DNA repair genes þx any mistakes and replication 
errors before cell division takes place. Mutations in repair genes 
lead to repair failure and ensuing accumulation of potentially 
cancer-causing mutations.

A considerable amount of peer-reviewed literature exists 
that focuses on the eͣects of solar and cosmic radiation on 
the long-term health of airline crew members. The ICRP has 
set them an occupational limit of 20 mSv/y, and they routinely 
aggregate between 3 and 7 mSv/y.9 However, in comparison to 
ground crew and the normal population, their risk of cancer has 
been increased by between 1 in 130 and 1 in 4,800 for speciþc 
tumor types, depending on the number of hours worked and 
the altitudes reached on the airline routes taken. The higher 
the altitude, the greater the radiation received. The relationship 
between ÿight distance and altitude is well associated with 
the risk of chromosomal translocations that could manifest 
into cancer.10 Comparatively, Canadian radiation workers are 
exposed to a cumulative dose of 6.3 mSv/y,11 and thus incur a 

signiþcant level of risk of developing mutations that contrib-
ute to cancer. A small proportion of Danish radiation workers 
even managed to exceed 50 mSv/y,12 again increasing the risk 
of developing cancerous mutations. Interventionalists and 
technologists alike are known to routinely far surpass these  
radiation levels.

Propagation of radiation-induced mutation is prevented by 
eͤcient DNA damage repair mechanisms operating within the 
cell. Any form of inherited impairment of these repair mech-
anisms will potentially increase risk of cancer induction by 
radiation-induced mutation, especially in those health care 
professionals working with various forms of ionizing radiation. 
One approach that could feasibly minimize risk to intervention-
alists and technologists is to make available, when requested, 
and only with the appropriate ethical and genetic support, 
screening for genetic mutations that impair radiation-induced 
DNA damage repair. Screening for speciþc mutations or alleles 
of genes is already a well-established practice in breast cancer 
and colorectal cancer, and is a useful way to reveal someoneõs 
genetic predisposition to cancer development. In theory, the 
screening process would take place before a graduate enters 
their residency, or fellowship, with an intent to provide an 
objective assessment of the individual risk incurred by pursuing 
a medical career in interventional radiology, interventional car-
diology, vascular surgery, interventional pain management, or 
neuroradiology. Germline mutations to be screened for would 
include mutation types in BRCA1, BRCA2, MLH1, MSH2, MSH6, 
PMS2, APC, MYH, TP53, PTEN, CDKN2A, and RET. However, this 
is by no means a comprehensive list, as there are a myriad of 
potential alleles and mutations that could be screened for. This 
would have to be done in the appropriate ethical context with a 
focus centered on the well-being of the trainee.

Chronic low-dose radiation exposure is not benign. As inter-
ventionalists and surgeons, it is our collective responsibility to 
establish radiation protection awareness and promote stricter 
adherence to guidelines created to ensure our safety. The vast 
increase in demand for interventional services has increased 
our professional exposure. Our institutions and health care 
systems need to acknowledge our inherent risk of working 
with radiation and we should act as our own regulators so that 
every professional can safely practice without compromising 
their health.

13.3  Radiation Dose to the 
Operator and Patient During 
Vertebroplasty/Kyphoplasty
During these procedures, both the patient and the operator 
are subjected to radiation exposure. The hands and body of the 
physician are the areas primarily targeted by this exposure.

Radiation received by physicians during such procedures 
diͣers with the use of diͣerent equipment.13 Using an injec-
tion device instead of a 1-mL syringe to inject the bone cement 
into the fractured vertebral body can signiþcantly reduce the 
dose of radiation to the operator’s hands per unit time of injec-
tion.14 A study by Kallmes et al. found that the mean radiation 
dose during injection is approximately 100 Ñ 145 mrem (range: 
0ð660 mrem) when using a 1-mL syringe and 55 Ñ 43 mrem  
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(range: 0ð130 mrem) when using an injection device. Per min-
ute of lateral ÿuoroscopy, the average injection dose is 23.6 
mrem with the use of the 1-mL syringe and 7.3 mrem for the 
injection device.14 An additional study by Komemushi et al 
found that the mean radiation doses outside the lead apron 
were 320.8 ȼSv when using a 1-mL syringe and 116.2 ȼSv using 
a bone cement injector. This study also concluded that the use 
of bone cement injector was eͣective at reducing the dose of 
radiation the physician is exposed to.13 However, as the proce-
dural time is longer when using the injection device, the total 
dose per injection for the two methods is similar.14

Schils et al found that the use of a new cement delivery sys-
tem (CDS) reduced the radiation dose to the þnger, wrist, and 
leg of the operator by greater than 80% when performing bal-
loon kyphoplasty procedures when compared to the classical 
bone þller injection mechanism. They claim that the use of the 
CDS would allow surgeons to operate far below the most severe 
annual radiation exposure limits.15

An additional study by Kruger et al stated that the aver-
age radiation dose per vertebroplasty procedure was 2.04 
mSv/vertebrae to the hands and 1.44 mSv/vertebrae to the 
whole body before the implementation of radiation-reducing  
techniques. A signiþcant reduction to the dose of radiation 
was seen after implementing these radiation-reduction tech-
niques such as the use of shielding devices that provide max-
imum protection from scatter radiation to the physician’s 
hands, upper extremities, and eyes. The dose of radiation to 
the operatorõs hands was reduced to 0.074 mSv/vertebrae per 
procedure and the dose to the whole body was reduced to 
0.004 mSv/vertebrae.16

The dose of radiation decreases as the distance from the 
source increases. Von Wrangel et al discovered that moving the 
X-ray tube to the side of the patient opposite from the side of 
the operator reduced the radiation dose to the operator from 
lateral ÿuoroscopy at the thoracic and lumbar levels by a factor 
of 4 to 5. They also found a 30 to 40% reduction in radiation dose 
to the hands of the operator when wearing protective gloves.17

A 2004 study by Perisinakis et al found that the mean total 
ÿuoroscopy time for kyphoplasty was 10.1 Ñ 2.2 minutes and 
that the mean eͣective radiation dose to patients undergoing 
kyphoplasty was 8.5 to 12.7 mSv. They also determined that 
the mean gonadal dose ranged from 0.04 to 16.4 mGy, which 
was dependent on the level of the vertebra being treated. They 
also stated that skin injuries were more likely if the source of 
radiation was less than 35 cm from the skin or if there was an 
extended total ÿuoroscopy time per injection.18

Given that protective precautions and technique play a sub-
stantial role in minimizing radiation to the operator, knowledge 
of this equipment and these factors can help formulate a strat-
egy to keep the radiation dose as low as reasonably allowable. 
The goal is to keep the quality of work as high as possible while 
keeping the radiation dose to the patient and operator as low 
as possible.
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14  Appropriateness Criteria for Vertebral Augmentation
Alexios Kelekis and Dimitrios K. Filippiadis

Summary
Clinical practice decisions regarding how to treat certain frac-
tures remain heterogeneous and traditionally there has been 
little consensus of what type of vertebral augmentation pro-
cedure should be used to treat speciþc fracture types. Various 
medical societies have produced their own recommendations 
for treating vertebral compression fractures but the most 
important document that has been developed to establish a 
clinical care pathway for the treatment of 

Vertebral compression fractures  (VCFs) has been the  
UCLA/RAND appropriateness criteria recommendations pub-
lished in 2018 by a multispecialty group of physicians. These 
criteria included clinical signs and symptoms of VCFs that need 
vertebral augmentation as well as imaging criteria for choosing 
vertebral augmentation over nonsurgical management  (NSM).  
There were seven key factors identiþed that determined the 
appropriateness of proceeding with vertebral augmentation 
as opposed to treating with NSM. The treatment choice was 
strongly inÿuenced by the clinical variables and the diͣerence 
in patient characteristics.  The clinical factors that determined 
the overall choice of treatment included the clinical exam 
and imaging þndings, the duration of pain, the impact of the 
VCF on daily functioning, the degree of height reduction, and 
kyphotic deformity, whether there was progressive vertebral 
body height loss and the overall evolution of symptoms. The 
contraindications for performing vertebral augmentation 
were also narrowed and reþned and treatment recommenda-
tions were put forth for dealing with the underlying condition 
(i.e. osteoporosis) that gave rise to the fracture.

Keywords: appropriateness criteria, Magerl classiþcation, 
UCLA/RAND methodology, clinical care pathway

14.1  Introduction
VCFs can be related to osteoporosis, trauma, or malignancy. 
The end result is pain and mobility impairment with a high 
impact on life quality as well as morbidities resulting in 
reduced life expectancy.1 Therapeutic options include NSM 
(pain medication, bracing, bed rest, etc.) and vertebral aug-
mentation by means of vertebroplasty  (VP), balloon kyph-
oplasty  (BKP), or spinal implants  (stents, jacks, peek cages, 
etc.).1,​2 The wide variety in the causes and the characteristics 
of a VCF necessitate a tailored-based therapeutic approach 
taking into account both the advantages and limitations of 
each treatment. At the moment, clinical practice decisions are 
driven by operator’s preference and/or international guide-
lines, which can be divergent and sometimes contradictory. 
There is no predictive tool available that will be able to identify 
the ideal therapeutic approach for a given VCF with speciþc 
characteristics. Furthermore, there is a clear lack of appro-
priateness criteria that will govern a therapy based on the 
expected beneþts that should outweigh the potential compli-
cations by a suͤcient margin in order to render the technique 
worth doing. A recent systematic review of evidence-based 

guidelines for the management of VCFs showed considerable 
inconsistencies in the treatment recommendations as well as 
in the recommendations for the diagnostic evaluation and the 
prevention of future fractures.3

14.2  Indications, Guidelines, and 
Recommendations
Standard indications for vertebral augmentation include symp-
tomatic  (painful) type A fractures according to the Magerl 
classiþcation  (most commonly type A1 fractures) with bone 
edema on MRI (̀Fig. 14.1) and/or positive bone scan scintig-
raphy. The patient should be an adult reporting at least mod-
erate pain (Visual Analog Scale >4 units) at the respective level, 
with absence of neurologic impairment and no absolute con-
traindications to therapy  (e.g., active infection at the surgical 
site or the presence of an untreated blood borne infection).1,​2,​4  
Depending on the fractureõs speciþc characteristics, diͣerent 
techniques of vertebral augmentation can be utilized.

Although many scientiþc organizations have published 
guidelines regarding the indications for vertebral aug-
mentation, none provides a tailored approach based upon 
the unique characteristics of a speciþc vertebral fracture. 
Furthermore, almost all the documents mention standard 

Fig. 14.1  Sagittal short tau inversion recovery (STIR) MR image 
showing acute or subacute vertebral compression fractures with 
bone marrow edema (areas of increased signal as shown by the 
white arrows). In L1 vertebral body there is suspected initial cavity 
formation with high signal intensity in the center (area within  
white oval). A ÿuid-þlled cavity is seen under the upper end plate  
of L3 vertebral body (white arrowheads).
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VP and balloon augmentation omitting spinal implants, 
which constitute a paradigm shift away from cement injec-
tion performed either with or without using bone tamps. 
According to the 2013 NICE guidelines and position paper 
5, standard VP and balloon augmentation without stenting 
should be oͣered to patients with severe ongoing pain and 
in whom the pain has been conþrmed to be at the level of 
the fracture by physical examination and imaging after a 
recent, unhealed vertebral fracture that continues to pro-
duce signiþcant discomfort despite optimal pain manage-
ment.5 According to a position paper released by multiple 
scientiþc societies including the Society of Interventional 
Radiology (SIR), American Society of Neuroradiology (ASNR), 
American College of Radiology  (ACR), American Association 
of Neurological Surgeons  (AANS), Congress of Neurological 
Surgeons (CNS), American Society of Spine Radiology (ASSR), 
Canadian Interventional Radiology Association  (CIRA), and 
the Society of NeuroInterventional Surgery  (SNIS), verte-
bral augmentation remains a proven medically appropriate 
therapy for treatment of painful VCFs refractory to nonop-
erative medical therapy and for vertebrae weakened by neo-
plasia when performed for the medical indications outlined 
in the published standards.6–​10 The American Academy of 
Orthopaedic Surgeons  (AAOS) guidelines are a distinct out-
lier with recommendations against VP and for BKP as a treat-
ment option for painful VCFs.11 According to ACR guidelines, 
both vertebral augmentation techniques are similar and 
should be oͣered as a second-line therapy after NSM with 
balloon augmentation resulting in better angular correc-
tion and fracture reduction.12 The Standards and Guidelines 
Committee of the SNIS reports that both VP and kyphoplasty 
are indicated in symptomatic osteoporotic or cancer-related 
VCFs refractory to medical therapy.13 The Cardiovascular and 
Interventional Radiological Society of Europe (CIRSE) in the 
recently published guidelines for vertebral augmentation 
include in the indications for VP painful osteoporotic frac-
tures, painful vertebrae due to benign tumors or malignant 

inþltration, Kummelsõ disease, symptomatic vertebrae plana, 
acute stable A1 and A3 fractures according to the Magerl 
classiþcation, and chronic traumatic fractures  (̀Fig.  14.2, 
̀Fig.  14.3, ̀Fig.  14.4). In the same document, indica-
tions for balloon augmentation include all the aforemen-
tioned, but it is reported that the best indication for the 
technique is a traumatic acute  (<7ð10 days) fracture  (par-
ticularly Magerl A1) with a local kyphotic angle less than  
15 degrees.4 The CIRSE guidelines include indications for the 
application of spinal implants that, according to the authors, 
can be used in all the indications valid for VP and balloon 
augmentation.4 The spine metastatic disease working group 
suggests that vertebral augmentation can be proposed in the 

Fig. 14.2  Lateral X-ray view of the lumbar spine showing  
vacuum cleft phenomenon (black arrow) in an upper lumbar 
vertebral body indicative of a fracture nonunion and an unstable 
vertebral body.

Fig. 14.3  Sagittal CT reconstructions of the 
lumbar spine showing a vertebra plana at L5 in 
a symptomatic patient (a) before and (b) after 
vertebral augmentation. The height of the mid-
portion of the vertebral body was measured at 
0.478 cm prior to vertebral augmentation and 
1.303 cm afterward.

Fig. 14.4  (a) Coronal and (b) sagittal CT reconstructions and (c) an axial CT image of the lumbar spine showing a Magerl A3.3 vertebral frac-
ture treated with a vertebral implant (Kiva device) and PMMA (polymethyl methacrylate; white arrows).
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cases in which there is no metastatic epidural spinal cord 
compression and in the cases of fracture prophylaxis after  
radiation therapy or after percutaneous ablation for local 
tumor control.14 These recommendations are especially 
important in patients with relatively good prognoses.14 
Additionally, according to the same authors, vertebral aug-
mentation techniques are recommended for þrst-line pain 
palliation treatment, related to stable pathologic VCFs.14 The 
American Society for Radiation Oncology  (ASTRO) guide-
lines comment that there are no prospective data suggest-
ing that either kyphoplasty or VP would obviate the need for 
EBRT (external beam radiotherapy) for painful bone metas-
tases, but these two diͣerent therapies can certainly be 
complimentary.15

14.3  Appropriateness Criteria
In order to establish a clinical care pathway for VCFs, criteria 
to be considered include clinical signs and symptoms, imag-
ing criteria for choosing vertebral augmentation techniques 
over NSM, contraindications for vertebral augmentation, and 
posttherapy follow-up.16 Decisive variables for performing or 

not performing vertebral augmentation as well as for select-
ing one technique over the other include time passed since the 
fracture occurrence, MR imaging þndings including number 
and type of fractured vertebrae, computed tomography  (CT) 
þndings of bone deformity, impact of the fracture on daily 
functioning, evolution of symptoms, spinal deformity (includ-
ing kyphotic angle), proof of ongoing fracture process, and 
pulmonary dysfunction. An international, multispecialty uti-
lization review showed excellent applicability of and good 
adherence to RAND/UCLA-based recommendations on treat-
ment choice in osteoporotic VCFs. The treatment choice was 
strongly associated with the clinical variables used in the panel 
study. Diͣerences in patient characteristics largely determined 
the diͣerent treatment decisions made by the clinicians and 
time since fracture was the most dominant clinical factor.17 
The UCLA/RAND recommendations published in 2018 by a 
multispecialty group of physicians from the United States 
found several key factors in determining the clinical appropri-
ateness of vertebral augmentation, but in these recommenda-
tions  (̀Fig.  14.5) duration of time since fracture occurrence 
was considered far less relevant for determining the appro-
priate treatment choice  (̀Table.  14.1).16 Overall some of the 

Fig. 14.5  Clinical care pathway for the treat-
ment of osteoporotic vertebral compression 
fractures.16

 EBSCOhost - printed on 2/11/2023 8:06 AM via . All use subject to https://www.ebsco.com/terms-of-use



14  Appropriateness Criteria for Vertebral Augmentation

110

important clinical factors that determine the treatment choice 
for the patient are as follows:
•	The clinical exam should include pain, tenderness on pal-

pation or closed þst percussion, vertebral height reduction 
and progression of height loss, as well as evolution of 
symptoms.16

•	MR imaging should be the preferred imaging modality for the 
evaluation of VCFs, although scintigraphy can help indicate 

the appropriate level. CT can be used for bone fragment 
identiþcation.

•	Timing of the fracture (acute or chronic) should not be 
confused with the presence of bone edema on the short 
tau inversion recovery (STIR) sequence of the MR imaging 
examination. Both acute and chronic fractures can show 
bone edema (illustrated as increased signal intensity in STIR 
sequence), which is a sign of bone marrow activity.

•	According to the literature, vertebral body height restoration 
and kyphotic angle correction seem to be better achieved by 
BKP.18–​20 However, the number of vertebrae to be treated is 
signiþcant for kyphotic angle correction with a proportion-
ally greater improvement in sagittal alignment seen with the 
treatment of a greater number of vertebral bodies.21

•	Standard techniques of vertebral augmentation are eͣective 
in treating low-velocity burst fractures but, at the same time, 
there is an increased risk of secondary in situ fracture.22 
Spinal implants along with cement could work as an addi-
tional intrinsic support structure providing the extra stabili-
ty necessary in these cases.

•	The impact of the fracture on daily functioning, evolution 
of symptoms, progression of vertebral body height loss, pul-
monary dysfunction, and the degree of spinal and kyphotic 
deformity are important decision-making factors for perfor-
mance of vertebral augmentation (̀Fig. 14.6).16 The clinical 
consequences of kyphosis and vertebral fractures include 
decreased pulmonary function, decreased appetite with 
resultant nutritional impact, frailty, and increased future 
VCF risk, as well as central nervous system symptoms such 
as increased sensitivity and intolerance to pain and balance 
problems.23,​24

•	A cavity containing either vacuum phenomenon or ÿuid is an 
indication for vertebral augmentation.

Fig. 14.6  Vertebral augmentation is appropriate in patients with positive imaging þndings, with worsening symptoms and in patients with two 
to four unfavorable factors.

Table 14.1  Key factors in determining the appropriateness of 
vertebral augmentation*16

Variable Value p-value

Duration of pain <1 wk†
1–3 wk
3–6 wk
>6 wk

<0.001

Advanced image 
þndings

Negative†
Positive

<0.001

Impact of vertebral 
fragility fracture on 
daily functioning

Moderate†
Severe

<0.001

Degree of height 
reduction

Mild (<25%)†
Moderate (25–40%)

<0.001

Kyphotic deformity Severe (>40%) <0.01

Progression of  
height loss

No†
Yes

<0.001

Evolution of symptoms No†
Yes

<0.001

* �Outcomes of logistic regression analysis for the panel outcome that 
VA = appropriate (vs. NSM = appropriate + equivocal/uncertain).

†  Reference category.
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•	Absolute contraindications for vertebral augmentation 
include infection at the surgical site such as diskitis/
osteomyelitis or an untreated blood-borne infection and 
relative contraindications are listed in ̀Table 14.2.16

•	Follow-up evaluation should be performed at 2 to 4 weeks 
after treatment. Usually no further follow-up for fracture 
treatment is needed upon a satisfactory result, but the 
patient will almost always need further treatment for the 
underlying disorder (i.e., osteoporosis) that produced the 
fracture (̀Table 14.3).16

A literature meta-analysis comparing VP and kyphoplasty for 
single-level VCF treatment concludes that both techniques are 
similar in terms of long-term pain relief, function outcome, and 
new adjacent fracture rate, but there is superiority with kyph-
oplasty in terms of injected cement volume, short-term pain 
relief, improvement in short- and long-term kyphotic angle, 
and a lower cement leakage rate. This superiority comes at the 
cost of longer procedural times and higher material expenses.18 
Similar results have been reported by Evans et al and Liu et al in 
two prospective randomized trials.19,​20 At the moment, accord-
ing to the literature, there is no clearly proven superiority of 
one technique over the other. An alternative approach may be 
that of modeling detailed treatment algorithms for patients 
with speciþc fracture types and clinical characteristics includ-
ing the variables mentioned in this chapter.
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Table 14.3  Patient follow-up after vertebral augmentation (VA) for 
Vertebral compression fracture (VCF) 

Follow-up after treatment for VCF

1. After either vertebral augmentation (VA) or conservative treat-
ment, a follow-up visit should be planned at 2ð4 wk.

2. In patients with a satisfactory result of VA at þrst follow-up  
(2ð4 wk after the procedure), there is generally no need for 
further postoperative monitoring. Follow-up for management  
of the underlying pathology does not need to be managed by  
the proceduralist.

3. All patients presenting with VCF should be referred for evaluation 
of bone mineral density and osteoporosis education for subse-
quent treatment as indicated.

4. All patients with VCF should be instructed to take part in an  
osteoporosis prevention/treatment program.

5. If symptoms are not resolved at follow-up, repeat imaging  
(preferably MRI) is mandatory.

6. If the pain is not resolved after VA, repeat augmentation (at the 
same level) may be considered, but it does require a careful diag-
nostic evaluation to identify any other sources of pain (additional 
fractures, facet arthropathy, etc.).
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Summary
Vertebral augmentation procedures  (vertebroplasty and 
 kyphoplasty) provide beneþt for debilitating vertebral com-
pression fractures  (VCFs) or fractures refractory to non-
surgical management  (NSM). These procedures involve the 
image-guided reduction of the vertebral fracture and injec-
tion of cement into the vertebral body. The key goals are the 
relief of back pain, enhancement of functional status, and 
biomechanical stabilization of the vertebral body. Successful 
integration of vertebral augmentation into clinical practice is 
assisted by a good understanding of the current evidence in 
the medical literature. Although historically there has been 
occasional controversy over the eͤcacy of vertebroplasty for 
VCFs, there is now high-quality evidence from well- designed, 
large  randomized controlled trials to support its use for acute 
osteoporotic VCFs with intractable pain despite medical 
 therapy or for VCFs secondary to spinal neoplasm. Moderate-
quality evidence supports vertebral augmentation to treat 
chronic and subacute osteoporotic VCFs. The current evi-
dence suggests that vertebroplasty and kyphoplasty are both 
eͣective in providing pain relief although kyphoplasty has a 
small advantage in pain relief and is signiþcantly better for 
improving patientsõ quality of life. The risk of major complica-
tions associated with vertebral augmentation is low with rare 
reports described across large trials. The risk of morbidity and 
mortality of patients treated with NSM has been reported 
in multiple analyses to be signiþcantly higher than those 
patients treated with vertebroplasty or kyphoplasty. This 
chapter provides an analysis of the current literature on the 
safety and eͤcacy of vertebral augmentation procedures. The 
design, inclusion criteria, outcomes, and limitations of major 
randomized controlled trials on eͤcacy are presented along 
with data on procedural safety, complication rates, cement 
extravasation, and secondary fracture.

Keywords: vertebral augmentation, vertebral compression, 
 fracture, vertebroplasty, kyphoplasty, osteoporosis, metastasis

15.1  Introduction
Vertebral augmentation procedures  (vertebroplasty [VP] and 
kyphoplasty) involve the image-guided injection of polymethyl 
methacrylate (PMMA) cement into a fractured vertebral body. 
The majority of these minimally invasive procedures are per-
formed for a subset of vertebral compression fractures  (VCFs) 
that are refractory to nonsurgical management (NSM) or that 
are severely debilitating to the patient. The key goals are the 
relief of back pain, the enhancement of functional status, and 
biomechanical stabilization of the vertebral body. Vertebral 
augmentation was þrst described in 1987, and early enthu-
siasm was driven by positive results in observational studies. 
Since that time, over 3,000 articles have been published on ver-
tebral augmentation procedures, and a number of randomized 
controlled trials (RCTs) have investigated the eͤcacy and safety 
of VP and kyphoplasty. The most recent literature provides 

high-quality evidence that vertebral augmentation procedures 
are safe and eͣective in the treatment of VCFs due to osteopo-
rosis and malignancy.

The aim of this chapter is to analyze the current literature 
on vertebral augmentation procedures. A historical background 
is presented using early observational data. The design, key 
outcomes, and limitations of major RCTs are examined. High-
quality data on procedural safety outcomes, including overall 
complication rates, cement leakage, and secondary fracture, are 
reviewed.

15.2  Early Data
VP was þrst performed in 1984 but not reported in literature 
until 1987 by Galibert et al, for the treatment of an aggressive 
vertebral hemangioma at C2.1 The procedure provided com-
plete pain relief for the patient, and was subsequently per-
formed for six other patients. Shortly thereafter, the procedure 
was applied to treat the pain associated with osteoporotic and 
neoplastic compression fractures.2 Following further success in 
small European series, Jensen et al introduced VP to the United 
States. In 1997, they published results from 29 patients with 
47 painful osteoporotic compression fractures. Almost all (90%) 
patients reported pain relief and improved mobility within 24 
hours of the procedure. The publication of several series fol-
lowed.3 In 2006, a pooled analysis of VP studies from 1989 to 
2004 included 2,086 patients. In the 19 studies that reported 
pain outcomes from VP, there was signiþcant postprocedure 
reduction of pain (mean visual analog scale [VAS] reduction of 
8.1 to 2.6; p < 0.001) and serious complications occurred in less 
than 1%.4

Kyphoplasty was þrst described in 2001 by Lieberman et 
al as an alternative procedure with potentially lower risks of 
cement extravasation and a potential for greater height restora-
tion of the vertebral body.5 A pooled analysis of 26 kyphoplasty 
studies that included 1,710 patients found signiþcant post-
procedure improvements in pain intensity, mobility, and func-
tional capacity. Vertebral alignment was also improved, with 
increased anterior vertebral height and reduction of kyphosis.6

These promising early data led medical societies to support 
vertebral augmentation as an eͣective treatment for osteo-
porotic VCF refractory to medical management.7 However, 
there remained a lack of robust RCT data to support the eͤcacy 
of VP over NSM.

15.3 Evidence for Eͼcacy
15.3.1  Vertebroplasty
Early uptake of VP was rapid and driven by positive early 
data from observational studies and meta-analyses. However, 
two RCTs having a total of approximately 200 patients 
across both studies published in the New England Journal of 
Medicine  (NEJM) found that VP oͣered no signiþcant beneþt 
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over NSM. Since that time, these articles have been widely dis-
credited and downgraded in their level of evidence category, 
but they have provided incentive for additional investigation 
of the eͤcacy of VP. Several large randomized trials have been 
released in recent years, focusing on rigorous inclusion criteria 
and minimizing methodological limitations. The key þndings of 
the main prospective VP trials are summarized in ̀Table 15.1.

The 2007 VERTOS trial was the þrst multicenter prospective 
RCT to compare VP to medical management for pain relief in 
osteoporotic VCFs.8 Inclusion criteria included severe back pain 
persisting despite medical therapy for at least 6 weeks, fracture 
aged less than 6 months, focal tenderness on physical exami-
nation, and bone marrow edema on MRI. In total, 34 patients 
were randomized to receive VP (n = 18) or conservative man-
agement  (n = 16). The primary outcome measures were back 
pain intensity  (as measured by the VAS) and analgesic use at 
1 day and 2 weeks. Analgesic requirement was quantiþed by 
assigning ordinal variables to diͣerent analgesic types: 0  (no 
analgesia required), 1  (paracetamol/acetaminophen), 2  (non-
steroidal anti-inÿammatory medications) or 3 (opioids).

VP resulted in signiþcant pain relief at 1 day postprocedure, 
with reduction in the baseline mean VAS from 7.1 to 4.7 (diͣer-
ence between groups ð2.4 in favor of VP). While this eͣect was 
not maintained at the 2-week endpoint, 88% of patients from the 
conservative group had crossed over to the VP group. Analgesic 

use was reduced in the VP group (ð1.4; 95% conþdence interval 
[CI] ð2.1 to ð0.8). Secondary outcomes of disabilityñdeþned by 
RolandðMorris Disability Questionnaire  (RMDQ)ñand qual-
ity of life (QOL; Quality of Life Questionnaire of the European 
Foundation for Osteoporosis [QUALEFFO]) were also signiþ-
cantly improved in the VP group.

The main limitations of the VERTOS trial were its small size 
and lack of blinding. No long-term follow-up was possible, as 
crossover was permitted after 2 weeks and 14 out of 16 patients 
in the conservative group requested crossover to VP.

In 2009, two RCTs comparing VP to a sham procedure 
for osteoporotic VCFs were published in the NEJM.9,​10 The 
results of both trials contrasted with earlier observational 
and meta-analysis data, and called into question the eͤcacy 
of VP. The Investigational Vertebroplasty Safety and Eͤcacy 
Trial  (INVEST) screened 1,812 patients to randomize 131 to 
receive either VP (n = 68) or a sham procedure (n = 63).9 Due to 
low initial recruitment, the proposed sample size was reduced 
from 250 to 130 patients, and the inclusion criteria were broad-
ened. Inclusion criteria were as follows: age older than 50 
years, pain intensity of Ó3/10 on numerical rating scale (NRS), 
and fracture age less than 1 year. Undetermined fracture ages 
were conþrmed using MRI or radionuclide bone scan. The sham 
procedure involved the injection of local anesthetic onto the 
periosteum of the pedicle, combined with placing pressure 

 Table 15.1  Major prospective trials evaluating vertebroplasty for osteoporotic vertebral compression fractures 

INVEST Buchbinder et al VERTOS II VAPOUR

Publication year 2009 2009 2010 2016

Total enrolment (n) 131 78 202 120

Comparator Sham (periosteal 
anesthetic)

Sham (periosteal 
anesthetic)

Conservative management Sham (subcutaneous 
anesthetic)

Mean (SD) age (y) 73.8 (9.4) 76.6 (12.1) 75.2 (9.8) 80.5 (7)

Pain score threshold NRS Ó 3/10 None VAS Ó 5/10 NRS Ó 7/10

Mean (SD) baseline pain 
score (0–10 scale)

7.0 (1.9) 7.3 (2.2) 7.8 (1.5) 8.6

Number (%) with severe 
pain (0–10 scale)

61 (47%) Ó 8 38 (49%) Ó 8 NR 120 (100%) Ó 7

Fracture age threshold (wk) <52 <52 <6 <6

Mean (SD) fracture 
age (wk)

22.5 (16.3) 11.7 (11.1) 5.6 2.6

Number (%) with fractures 
<6 wk

26 (20%) 31 (40%) 202 (100%) 120 (100%)

Advanced imaging (MRI, 
SPECT) required?

No Yes Yes Yes

Mean PMMA volume (mL) NR 2.8 4.1 7.5

Primary endpoint Pain relief and RMDQ at 1 
month

Pain relief at 3 mo Pain relief at 1 mo Percent NRS <4/10 at 2 wk

Primary outcome No diͣerence No diͣerence Vertebroplasty superior Vertebroplasty superior

Notable secondary end-
points

Quality of life (EQ-5D) Disability (RMDQ), quality 
of life (QUALEFFO, EQ-5D)

Disability (RMDQ), quality 
of life (QUALEFFO)

Disability (RMDQ), quality 
of life (QUALEFFO), anal-
gesic use

Secondary outcomes No diͣerence No diͣerence Vertebroplasty superior Vertebroplasty superior

Abbreviations: MRI, magnetic resonance imaging; NR, not reported; NRS, numerical rating scale; PMMA polymethyl methacrylate; QUALEFFO, Quality 
of Life Questionnaire of the European Foundation for Osteoporosis; RMDQ, Roland–Morris Disability Questionnaire; SD, standard deviation; SPECT, 
single-photon emission computed tomography.
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on the patientõs back and opening a container of methacrylate 
monomer to replicate PMMA odor. At 1-month follow-up, there 
was no diͣerence between groups in back pain NRS (p = 0.19) 
or disability  (measured by RMDQ score; p = 0.06). No long-
term follow-up was feasible due to crossover; by 3 months, 27 
patients (43%) in the control group had crossed to the VP arm.

Key limitations of the INVEST were that the trial was under-
powered and suͣered from prominent selection bias (screened 
1,812 patients to enroll 131), the crossover of patients in the 
INVEST trial was far greater for those patients crossing over 
from sham to VP (51%) as compared to the VP patients crossing 
over to sham (13%), the inclusion of fractures up to 12 months 
old, and the lack of inclusion requirements for physical exam-
ination or advanced imaging with MRI or radionuclide bone 
scan. The clinical and imaging diagnostic criteria for inclusion 
were very diͣerent from those of most RCTs, with patients 
having a pain score of 3 or more on the VAS being eligible for 
inclusion. There was no description of a clinical examination 
used to determine if the pain came from the VCF itself or from 
another issue. There was also criticism that the INVEST trial 
was not a true sham, with 63% of the sham patients correctly 
guessing their treatment, and with the injection performed 
using a paraspinal injection of local anesthetic that has been 
used to successfully palliate patientsõ pain from VCFs for up 
to 8 weeks.11 Despite all of these limiting factors, if the same 
response rate for the 131 patients had been carried out to the 
originally intended 250 patients, VP would have been found to 
be signiþcantly better than sham treatment at a p-value of less 
than 0.01. Additionally, if only one patient had reported a dif-
ferent response (i.e., a favorable response in the VP group or an 
unfavorable response in the sham group), VP would have been 
found to be signiþcantly better than sham with a p-value of less 
than 0.04.

A second multicenter sham-controlled RCT on VP for osteo-
porotic VCFs was published in the NEJM in 2009, by Buchbinder 
et al.10 This trial included patients with back pain of less than 
12 monthsõ duration and fracture conþrmed on MRI with bone 
marrow edema or fracture line. A total of 78 patients were 
enrolled from four recruiting centers, and randomized to VP  
(n = 38) or sham procedure (n = 40) groups. The sham procedure 
did not involve the injection of anesthetic; a needle was inserted 
onto the lamina, with the sharp stylet replaced by a blunt stylet. 
To further simulate VP, the vertebral body was lightly tapped, 
and PMMA was mixed in the room but not injected. No signiþ-
cant diͣerence between groups in pain scores was observed at 
1 week, 3 months, or 6 months. There was also no diͣerence in 
disability and quality-of-life (QOL) scores.

As with INVEST, Buchbinder and colleagues did not require a 
physical examination component and there was no description 
of a clinical examination used to ascertain VCF-related pain. 
The Buchbinder trial assessed òoverall painó rather than spine- 
related pain, undermining the validity of the measurement in 
this population replete with potentially comorbid painful con-
ditions. Both subacute and chronic fractures (up to 12 months 
old) were included, with only 32% of patients having fractures 
less than 6 weeks old. Similar to the INVEST, the Buchbinder 
trial experienced diͤculties with enrolment, taking 4.5 years 
to enroll only 78 patients, and making this trial subject to 
selection bias. Additionally, 68% of patients in the study were 
recruited at one of the four centers, with two of the remaining 

centers recruiting only þve patients. This may have caused out-
comes to be weighted to the treatment eͣect at a single center. 
This single center tended to inject only small amounts of PMMA 
with the mean volume of cement being 2.8 mL. A later review 
by Boszczyk et al concluded that the data strongly indicate that 
the treatment arm included patients who were not treated in a 
reasonably eͣective manner.12

In 2012, a meta-analysis was published that included pro-
spective randomized and nonrandomized trials comparing VP 
to NSM or sham therapy for osteoporotic VCFs.13 Nine trials 
were analyzed, including INVEST, Buchbinder et al, and VERTOS 
II, with a total of 886 patients. No diͣerence in pain relief was 
found between VP and sham procedure groups due to the 
reliance on the previously discussed VP versus sham trials as 
the only two trials of this type. When compared to the NSM 
used to treat patients with painful VCFs, however, VP was found 
to be superior to NSM at all time points studied, in both pain 
relief and QOL measures.

Several authors expressed dissatisfaction with the þndings of 
the 2009 trials, raising concerns about the inclusion and exclu-
sion criteria, the use of small volumes of PMMA cement, the 
selection bias, the precarious statistical calculations, the high 
rate of crossover, the low initial pain scores, the inclusion of 
worker compensation patients, the use of a sham that is a known 
active treatment, the absence of an appropriate physical exam-
ination component, and the lack of long-term follow-up.14ð16 In 
response, in 2013 Comstock et al published a study that followed 
up the INVEST cohort over 12 months to determine long-term 
outcomes.17 At 1 year, there was a modest pain reduction in the 
VP arm, although no diͣerences in disability measures were 
found. The potential for the INVEST sham group to have acted as 
an òactive control,ó thus confounding results, was also raised.18,​19 
The same year, a meta-analysis by Anderson et al was published 
that analyzed both NEJM sham studies and downgraded them 
to level II data based on ÿawed inclusion criteria (in both stud-
ies) and a subsequent high crossover rate (in the Comstock et al 
study). This downgrade was based on the Cochrane Risk of Bias 
table and Levels of Evidence for Primary Research as adopted by 
the North America Spine Society.20

There remained no large multicenter RCT comparing VP with 
medical management, until the 2010 publication of VERTOS II 
by Klazen and colleagues.21 Addressing some previous concerns 
from the 2009 trials, it included fractures of less than 6 weeksõ 
duration, with pain severity of Ó5/10, focal tenderness on exam-
ination, and bone marrow edema on MRI. The 202 enrolled 
patients were randomized equally into VP and conservative 
management groups. At 1 month, VP resulted in signiþcantly 
reduced back pain. The mean reduction in VAS score was 2.6 
greater (95% CI: 1.74ð3.37; p < 0.0001) in the VP arm than in the 
conservative arm, and this eͣect was durable at 1 year. VP also 
resulted in improved QOL (as measured by several standardized 
questionnaires) and signiþcant (VAS reduction >3 points) pain 
relief was achieved earlier in VP (30 vs. 116 days; p < 0.0001).

Farrokhi et al followed with a trial comparing VP and med-
ical management for osteoporotic VCFs in 2011.22 Inclusion 
criteria included severe pain despite NSM for 4 weeks, frac-
tures aged 4 weeks to 1 year, focal tenderness on examination, 
and bone marrow edema or fracture cleft on MRI. Eighty-two 
patients were randomized to receive VP  (n = 40) or NSM. At  
1 week, there was reduction in VAS (diͣerence of ð3.1; p < 0.001) 
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and improvement in the QOL measures in the VP arm. Pain 
relief was durable to 6 months, while QOL outcomes sustained 
to 36 months. All VP patients were able to ambulate at 24 hours 
postprocedure, compared with 2% in the conservative group. VP 
also resulted in increased vertebral body height (mean 8 mm) 
and reduction in kyphosis (mean 8 degrees).

A further RCT comparing VP with medical management for 
osteoporotic VCFs followed in 2012, by Blasco and colleagues.23 
Inclusion criteria were moderate pain  (VAS Ó 4/10), fractures 
aged Ò12 months, and edema on MRI or increased uptake on 
radionuclide bone scan. A total of 125 patients were enrolled 
and randomized to VP (n = 64) or NSM (n = 61) arms. VP resulted 
in greater VAS and lower requirement for rescue analgesia (5% 
of patients requiring rescue analgesia compared with 25% of the 
medical arm).

In 2016, the VAPOUR  (Vertebroplasty for Acute Painful 
Osteoporotic Fractures) trial aimed to compare VP with a sham 
procedure while addressing some of the limitations of ear-
lier trials.24,​25 An appropriately higher pain threshold was uti-
lized (>7/10 compared with >3 in INVEST and no pain threshold 
in Buchbinder et al), all fractures were less than 6 weeks old, 
and all fractures were imaged with MRI or single photon emis-
sion computed tomography  (SPECT). In total, 120 patients 
were randomized to receive VP (n = 61) or a sham procedure 
involving subcutaneous injection of local anesthetic  (n = 59). 
At 2 weeks, VP resulted in signiþcant pain reduction, with NRS 
scores decreasing to less than 4/10 in 44% of VP patients. This 
eͣect was sustained at 1 and 6 months. VP also led to improved 
QOL questionnaire scores, reduced functional disability, 
reduced analgesic requirements, and increased height of the 
vertebral body.

In a 2016 prospective trial, Yang et al randomized 135 
patients aged Ó70 years to receive VP or conservative therapy.26 
Early VP resulted in faster and greater pain relief and improved 
QOL, at 1 week, 1, 3, and 6 months, and 1 year  (p < 0.0001). 
Surveys conducted at follow-up revealed that patients in the VP 
arm had greater overall satisfaction with their given treatment.

There are fewer high-quality studies available for VP in the 
treatment of neoplasm-related VCFs. A 2011 systematic review 
of 30 studies, with a total of 987 patients, found reductions in 
back pain ranging from 20.3 to 78.9% at 1 month following VP. 
At 6 months, pain reduction ranged between 47 and 87%.27 A 
2016 systematic review performed by Health Quality Ontario 
included 78 studies, with a total of 2,545 VP patients with frac-
tures due to spinal metastases, multiple myeloma, or heman-
gioma.28 They reported an overall rapid  (within 48 hours) 
reduction in mean pain intensity scores following VP, along 
with parallel reduction in disability measures and opioid use.

15.3.2  Kyphoplasty
The Fracture Reduction Evaluation  (FREE) trial, published in 
2009, was a multicenter prospective randomized trial com-
paring kyphoplasty to NSM for VCFs.29 Inclusion criteria were 
severe back pain  (Ó4/10) for Ò3 months, focal tenderness on 
examination, and MRI þndings of bone marrow edema, ver-
tebral body height loss, or pseudoarthrosis. A total of 300 
patients were randomized to receive kyphoplasty  (n = 149) 
or conservative management (n = 151). The primary outcome 
was QOL at 1 month, as measured by change in short-form 
36 questionnaire  (SF-36) physical component summary  (PCS) 

scale. These measures, along with back pain intensity scores 
and disability  (RMDQ), were also evaluated at 1, 3, 6, and  
12 months.

Kyphoplasty resulted in signiþcant improvement in QOL 
when compared to NSM, with mean SF-36 scores improving 5.2 
points more in the kyphoplasty group than the NSM arm (95% 
CI: 2.9ð7.4; p < 0.0001). This outcome was durable at 3 and 6 
months (p < 0.0008; p < 0.0064), but not at 12 months (p = 0.208). 
Kyphoplasty also led to signiþcantly reduced back pain scores 
at 1 week (p < 0.0001) and 12 months (p = 0.0034). Analgesic 
use was reduced in the kyphoplasty group at 1 and 6 months. 
Two-year outcome data released by the FREE authors revealed 
that there remained a signiþcant reduction in back pain scores 
for patients undergoing kyphoplasty  (p = 0.009). However, 
there were no signiþcant diͣerences in SF-36 or RMDQ scores. 
The FREE trial also included both osteoporotic and neoplastic 
fractures, but only 4 of 300 patients had pathologic fractures.

The Cancer Patient Fracture Evaluation  (CAFE) RCT com-
pared kyphoplasty with NSM for malignant VCFs.30 Inclusion 
criteria included pain intensity of Ó4/10, RMDQ disability score 
of Ò10, and vertebral fracture demonstrated on plain radio-
graphs or MRI. Patients with index fractures due to primary or 
osteoblastic bone tumors were excluded. A total of 134 patients 
were enrolled and received either kyphoplasty (n = 70) or NSM  
(n = 64). At 1 month, there was a signiþcant reduction in RMDQ 
scores in the kyphoplasty arm  (diͣerence between groups of 
8.4 in favor of kyphoplasty), meeting the primary outcome. 
Kyphoplasty also resulted in greater pain relief, reduced anal-
gesic use, and improved QOL (measured by SF-36), at all time 
points throughout the 12-month follow-up period.

A limitation of the CAFE trial was the lack of histological con-
þrmation of fracture etiology. Although all participants were 
cancer patients, it was not known whether the fracture was 
caused by metastasis, osteoporosis, radionecrosis, or a combi-
nation thereof. The trial featured an opportunity for patients 
to crossover at 1 month with 38 of the 52 (73%) patients in the 
conservative group that completed the 1-month evaluation 
crossing over to kyphoplasty and 55% of these patients crossed 
over within 1 week after their 1-month visit.

The 2019 EVOLVE study, the largest trial of kyphoplasty 
eͤcacy conducted to date, compared 12-month disability and 
safety outcomes in a Medicare-eligible population.31 A total of 
350 patients enrolled at 24 U.S. sites received kyphoplasty for 
painful VCFs. Four primary endpoints were evaluated: NRS back 
pain scores, disability (represented by Owestry Disability Index 
[ODI] score), and QOL (EQ-5D and SF-36 scores). At 3 months, 
there were signiþcant improvements in all primary outcomes. 
Mean NRS improved from 8.7 to 2.7, while ODI improved from 
63.4 to 27.1. These eͣects were signiþcant at all other time 
points measured  (7 days and 1, 3, 6, and 12 months). Of all 
treated patients, only 5 procedure-related complications were 
reported; each event resolved with treatment.

Kyphoplasty may involve the adjunct use of a curet before or 
after inÿation of the balloon tamp in an attempt to scrape away 
sclerotic bone that may impede the restoration of vertebral body 
height. The 2013 randomized trial comparing 2 techniques of 
balloon kyphoplasty and curette use for obtaining vertebral 
body height restoration and angular-deformity correction in 
vertebral compression fractures due to osteoporosis (SCORE) 
trial randomized patients with osteoporotic VCFs to receive 
kyphoplasty procedures in which the curet was used prior to 
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balloon inÿation (n = 57), or following inÿation, followed by a 
second balloon tamp (n = 55).32 Vertebral body height restoration 
and pain relief were signiþcantly improved in both treatment 
approaches, with no signiþcant diͣerence between groups.

15.3.3  Vertebroplasty Compared with 
Kyphoplasty
The randomized trial comparing balloon kyphoplasty and verte-
broplasty for vertebral compression fractures due to osteoporo-
sis (KAVIAR) trial, published in 2014, directly compared VP and 
kyphoplasty in the treatment of osteoporotic VCFs.33 A total of 381 
patients with acute painful VCFs due to osteoporosis were ran-
domly assigned to receive VP (n = 190) or kyphoplasty (n = 191), 
and were not blinded to the treatment received. All fractures 
were conþrmed by imaging with MRI, radioisotope bone scan, 
or CT. The trial was terminated early, signiþcantly short of the 
enrolment target of 1,234 with only 404 patients. Despite the 
lack of statistical power needed to demonstrate the diͣerence 
between VP and kyphoplasty, both techniques resulted in sta-
tistically signiþcant and sustained clinical improvement from 
baseline for pain, function, and QOL measurements.

Liu et al also compared VP and kyphoplasty for the treatment 
of painful VCFs in their 2010 prospective RCT.34 One-hundred 
patients with osteoporotic VCFs were randomized to receive 
VP or kyphoplasty (comprising 50 in each group). Both proce-
dures resulted in signiþcantly reduced VAS pain scores, as well 
as improvements in vertebral height and kyphotic wedge angle. 
While there was no signiþcant diͣerence between groups in 
clinical outcomes, kyphoplasty resulted in higher periproce-
dural costs.

Rºllinghoͣ et al found comparable results in their prospec-
tive study of 90 patients with VCFs treated with VP or kyphop-
lasty.35 Both procedures provided signiþcant beneþts in QOL 
and pain relief (p < 0.001), with no statistically signiþcant dif-
ference between the two in these clinical outcomes. However, 
kyphoplasty resulted in greater restoration of vertebral body 
height than VP, while the rate of cement leakage was lower in 
the VP group.

A 2015 meta-analysis (including eight studies with 845 total 
patients) found that VP and kyphoplasty were similar with 
regard to long-term pain relief, short- and long-term functional 
improvement, and risk of new adjacent VCF.36 Kyphoplasty was 
superior to VP in short-term pain reduction, improvement of the 
kyphotic angle, and also resulted in lower rates of cement leakage.

The most complete meta-analysis published in 2012 exam-
ined the English-language articles and found that out of 1,587 
vertebral augmentation manuscripts there were 27 level I and 
II articles including 8 randomized studies.37 There were nine 
articles that compared VP to kyphoplasty. Pooled patient data 
were combined into one analyzable study group. Following 
this analysis of the highest quality data available, the authors 
concluded that kyphoplasty decreased pain to a greater degree 
than VP (5.07 vs. 4.55 points on the VAS) and resulted in signiþ-
cantly better improvement in QOL than both VP and NSM.

15.3.4  The Kiva System
The 2015 KAST study evaluated the Kiva system, a novel ver-
tebral augmentation implantation device used to treat painful 
VCFs with minimal cement leakage.38 A total of 300 patients 

with painful osteoporotic VCFs were randomized to receive 
Kiva (n = 153) or kyphoplasty (n = 147). At 12-month follow-up, 
Kiva was shown to be noninferior to kyphoplasty with regard 
to the primary outcomes of back pain (VAS) and disability (ODI) 
reduction. Secondary outcomes included cement volume usage, 
cement leakage, and adjacent vertebral fracture; analysis of 
these endpoints revealed superiority of the Kiva system over 
kyphoplasty.

15.4  Evidence for Safety
15.4.1  Overall Complications
The overall risk of serious complications from vertebral aug-
mentation is very low.39ð​42 Although uncommon, potential 
major complications that have been reported in the literature 
include neurologic damage from nerve or spinal cord injury, 
pulmonary embolism from cement or fat emboli, infection, 
hematoma, allergic or idiosyncratic reactions, hemothorax, 
pneumothorax, and fracture to vertebrae, ribs, or sternum.43ð​47 
Mortality from vertebral augmentation is exceedingly rare, with 
no procedural mortalities across all RCTs reviewed. Rare cases 
of death from cement anaphylaxis or cardiovascular collapse 
have been reported.48

Across major RCTs of vertebral augmentation for osteoporo-
tic fractures, the rate of major complications was approximately 
1%.40ð42 In the VERTOS II trial, the only complications occurring 
in the 101 patients referable to VP were 1 urinary tract infec-
tion  (UTI) and 1 case of asymptomatic cement leakage into a 
segmental pulmonary artery. Buchbinder et al reported one 
thecal sac injury that did not require any speciþc treatment, 
while INVEST reported one case of osteomyelitis in a patient 
who did not receive prophylactic antibiotics. In the VAPOUR 
trial, there was one case of respiratory arrest following seda-
tion prior to the procedure. This patient was treated with ver-
tebral augmentation uneventfully 48 hours later. One patient 
in the VP group sustained a humeral fracture during transfer 
onto the procedure table. Conversely, two patients in the con-
servative arm had interval vertebral collapse with spinal cord 
compression. In the FREE trial, the only complications referable 
to kyphoplasty from the 149 patients were 1 soft-tissue hemat-
oma and 1 UTI.

In the 2013 meta-analysis by Anderson et al, which exam-
ined prospective RCTs  (including VERTOS, VERTOS II, INVEST, 
Buchbinder et al, and FREE) comparing VP or kyphoplasty to 
sham or conservative treatment for osteoporotic fractures,20 
there were no statistically signiþcant diͣerences in adverse 
events between vertebral augmentation and conservative arms. 
Minor adverse events reported from augmentation included 
asymptomatic cement leaks, soft-tissue hematoma, and vas-
ovagal events.

15.4.2  Cement Leakage
Extraosseous leakage of PMMA cement is the major source of 
complications from vertebral augmentation. Asymptomatic 
leakage is common on postprocedural CT imaging; cement 
embolization may occur frequently, while symptomatic leak-
age is rare.43ð49 In VERTOS II, 72% of treated vertebral bodies had 
cement leakage on CT, with all patients remaining asymptom-
atic. Most leaks were diskal or into segmental veins, while none 
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occurred in the spinal canal.21 Reported rates of cement extrav-
asation were lower in other RCTs, occurring in 36% of patients in 
the trial by Buchbinder et al and 34% in VAPOUR, likely related 
to the assessments with conventional radiography.10,​24

While embolization to the pulmonary arteries has previously 
been characterized as an adverse event, it in fact can occur quite 
commonly, with reported rates of 5 to 23% of all patients.50ð​52 It 
is important to note, however, that the vast majority of embo-
lisms and extravasation are neither symptomatic nor produce 
adverse outcomes.53

Kyphoplasty has been shown to result in lower rates of cement 
extravasation, as inÿation of the balloon tamp creates a path of 
least resistance into which cement is subsequently injected. In 
the FREE study, cement leakage occurred in 27% of treated ver-
tebrae on imaging with intraoperative ÿuoroscopy and post-
operative radiographs. All patients remained asymptomatic.29 
Cement extravasation occurred in only 2 of 70 patients in the 
CAFE trial; 1 case was asymptomatic, while the other, a diskal 
leakage, was associated with adjacent-level fracture on day 1  
postprocedure.30

Malignant tumors frequently lead to regions of destroyed 
bone at the vertebral cortex, which may increase the risk of 
cement leakage into the surrounding tissues.4 In a retrospective 
study of CT-guided VP for malignant vertebral fractures, local 
cement leak was evident in 59% of vertebrae  (194 of 331).54 
Six percent of leaks occurred into the spinal canal through the 
posterior cortex, despite osteolysis of the posterior wall being 
apparent in 49%. Pulmonary cement emboli were demonstrated 
in 2% (1 of 53) of chest radiographs and 11% (10 of 88) of chest 
CT scans.47 In a prospective study of 106 patients with multi-
ple myeloma treated with VP, cement leakage was detected on 
CT in 23% of vertebrae.55 Most leaks occurred into periverte-
bral veins (85%), and all events of leakage were asymptomatic. 
Pulmonary cement emboli were detected in 5% of patients.48

15.4.3  Subsequent Fractures
It is very unlikely that vertebral augmentation increases the risk 
of new or adjacent-level VCF compared to NSM.49,​56 An initial 
single-arm prospective study by Tanigawa et al followed up 
194 patients with 500 osteoporotic VCFs treated by VP over the 
long term.57 New VCFs were detected in 33.5% of patients using 
conventional radiographs. Of the new fractures, 63.1% were in 
adjacent vertebrae, and 36.9% in nonadjacent vertebrae. Of note, 
12 patients with new VCFs diagnosed remained asymptomatic. 
No signiþcant link was noted between the volume of cement 
injected and the rates of adjacent VCF. In a retrospective study 
of 88 postmenopausal women treated with VP, 14 patients suf-
fered collapse of an adjacent vertebra within 1 month. Risk of 
collapse was signiþcantly associated with advanced age and 
decreased lumbar and hip bone mineral density (BMD).58

However, in a 2017 meta-analysis of 12 comparative stud-
ies encompassing 1,328 patients, Zhang et al compared the 
incidence of new VCFs following vertebral augmentation 
and conservative management. No signiþcant diͣerence was 
seen between the two cohorts in either total new vertebral 
fractures or adjacent fractures.59 Comparable results were 

displayed in the meta-analysis by Anderson et al, which found 
no signiþcant diͣerences between vertebral augmentation 
and conservative arms with regard to rates of subsequent frac-
ture.20 Shi et al, who performed a meta-analysis of prospective 
trials comparing VP with sham or conservative management 
for osteoporotic VCFs, also found no diͣerence between arms 
in the risk of new VCF (p = 0.82).13 In a larger meta-analysis, 
Papanastassiou et al analyzed all of the level I and II data on 
vertebral augmentation and determined that the additional 
fracture rate for those patients treated with vertebral aug-
mentation was 12% compared with 23% for those patients 
treated with NSM.37 A 2014 prospective study of 290 patients 
receiving vertebral augmentation or NSM found no signiþ-
cant diͣerence between groups in additional VCFs.60 However, 
additional VCFs occurred sooner in the vertebral augmenta-
tion group. This temporal diͣerence in fracture appearance 
after vertebral augmentation could explain the perception 
that vertebral augmentation can predispose the patient to 
more subsequent fractures because the subsequent fractures 
after vertebral augmentation happen sooner than in patients 
treated with NSM. In a meta-analysis of 19 studies, Xiao et al 
compared postprocedure complication rates between VP and 
kyphoplasty. The authors of this study found no signiþcant 
diͣerence between procedures in subsequent adjacent-level 
fractures.61

A 2017 biomechanical study on cadaveric spines aimed to 
assess how fractures and VP aͣect vertebral deformation and 
loading.62 Fracture of the vertebrae caused deformations to both 
the fractured and adjacent levels, and transferred compressive 
load onto the neural arch. These eͣects were signiþcantly 
reduced by VP, which reduced anterior vertebral body deforma-
tion by 62% at fractured levels and 52% at adjacent levels.

The potential beneþts of prophylactic VP to reduce postaug-
mentation adjacent-level fracture was investigated by Eichler 
et al in a retrospective study.63 Thirty-seven patients treated 
with kyphoplasty for osteoporotic VCFs were included; 19 
patients received kyphoplasty alone and 18 were treated with 
additional VP at the adjacent level. Prophylactic VP at adjacent 
levels did not reduce the rate of subsequent fractures after 
kyphoplasty. The authors concluded that adjacent-level frac-
tures following vertebral augmentation are most likely related 
to underlying osteoporosis rather than the procedure itself.

15.5 Mortality Beneþt
The excess mortality risk from osteoporotic VCF is considerable, 
ranging from 2 to 42% in the þrst year following fracture.64 An 
analysis of the U.S. Medicare population (97,142 patients with 
VCF and 428,956 controls) revealed 3- and 5-year mortality 
rates of 46 and 69%, respectively, in VCF patients, compared 
with 22 and 36% in the control group.65

While none of the currently published large RCTs were pow-
ered to evaluate mortality reduction, there is some evidence 
that vertebral augmentation may confer a mortality beneþt. 
A 2017 review of U.S. Medicare data, encompassing 261,756 
kyphoplasty patients and 117,232 VP patients, evaluated ver-
tebral augmentation utilization and VCF mortality risk.6 In 
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the years following the 2009 sham-controlled RCTs, there was 
a sharp decline in vertebral augmentation procedures. This 
time period was associated with elevated mortality risk in VCF 
patients when compared with the years preceding 2009, which 
saw higher uptake of vertebral augmentation procedures.

The þrst longitudinal, population-based comparison of mor-
tality risk between interventional and NSM groups was per-
formed in 2011 and included 858,978 patients treated with 
kyphoplasty, VP, or NSM.67 Patients who received augmen-
tation had a signiþcantly higher survival rate than the NSM 
group (60.8% compared with 50%; p < 0.001). At 4-year follow-up, 
median life expectancy was 2.2 to 7.3 years greater across the 
vertebral augmentation groups than for NSM. However, due to 
its retrospective, observational design, this study was limited 
by the inability to evaluate causal relationships between surgi-
cal management, NSM, and patient survival.

In 2015, the same authors published a similar retrospective 
study of the U.S. Medicare population that identiþed 1,038,956 
VCF patients, of which 141,343 underwent kyphoplasty and 
75,365 underwent VP.68 The nonoperated cohort had a 55% 
higher mortality risk than those treated with kyphoplasty, and 
a 25% higher risk than those treated with VP  (p < 0.001). Of 
note, the nonoperated cohort had higher rates of pneumonia, 
UTI, deep vein thrombosis, and cardiac complications than the 
kyphoplasty cohort. In an analysis of Taiwanese health insur-
ance data, 10,785 patients with painful VCF were identiþed. The 
mortality risk was 39% higher in those receiving medical man-
agement than in those treated with VP.69 In a similar analysis of 
German claims data (including 3,607 VCF patients), those who 
received vertebral augmentation had a 43% lower mortality risk 
over the 5-year period.70

A comparative study of 5,766 VCF patients, of which 17% 
underwent kyphoplasty, revealed that kyphoplasty was associ-
ated with greater likelihood of discharge home (38.4 vs. 21% for 
NSM) and lower in-hospital mortality rate (26.1 vs. 34.8%).71 In 
2011, a retrospective study of a large hospital patient database 
compared mortality rates after vertebral augmentation with 
inpatient pain management and bracing.72 Augmentation sig-
niþcantly improved survival for up to 2 years compared with 
NSM, regardless of patient age or gender, the number of VCFs, 
or comorbidity proþle.

Contrasting results were found by McCullough et al, who 
selected 9,017 pairs from Medicare claims data treated with 
vertebral augmentation or NSM, matched by patient demo-
graphics and comorbidities.73 While initial mortality and rates 
of medical complications were lower in the vertebral augmen-
tation group, there were no signiþcant diͣerences between 
groups in mortality at 1 year, and the vertebral augmentation 
group had higher rates of health care utilization. However, this 
study is potentially subject to methodological limitations. The 
authors hypothesized that vertebral augmentation patients are 
healthier than patients given NSM, and hence attempted to 
control for selection bias by matching comorbidities between 
groups. Yet patient selection only considered a limited set of 
baseline comorbidities, and did not account for other condi-
tions that may have led to VCFs. Furthermore, data showed that 
the control group, theorized to have poorer health compared 

with augmentation patients, had signiþcantly lower Quan 
comorbidity scores and lower rates of prior inpatient admis-
sions; this is suggestive of improved health in the control group. 
To investigate preprocedure health status, the authors selected 
a subgroup of 3,023 patients who had not yet undergone aug-
mentation by 30 days post-VCF. This excluded patients who 
may have needed emergent care, and thus may have led to a 
misleading estimation of preprocedure health status. Finally, 
the authors concluded that there was no mortality improve-
ment for patients after vertebral augmentation despite three of 
their four analysis points showing statistically signiþcant mor-
tality improvement and the fourth point was close to statistical 
signiþcance at p = 0.18. Their conclusion of no mortality beneþt 
was at odds with their own data that suggest otherwise.

15.6  Conclusion
There is robust evidence to support vertebral augmentation 
as a safe and eͣective option to improve patientsõ pain, func-
tion, and QOL on those individuals presenting with moder-
ate to severe pain and functional debilitation due to a VCF. 
Evidence for the eͤcacy of VP in osteoporotic VCFs has 
evolved over time. Early sham-controlled RCTs were designed 
to mitigate the possible placebo eͣects, but they had very 
problematic methodological limitations. More recent stud-
ies, including a large sham-controlled RCT that utilized 
rigorous inclusion criteria, have shown treatment beneþts. 
Two large RCTs comparing kyphoplasty with conservative 
therapy have demonstrated beneþts in both osteoporotic 
and neoplastic fractures, although a trial comparing kypho-
plasty to a sham procedure has not yet been performed and 
may never be performed given the ethical concerns over the 
higher rates of morbidity and mortality in patients treated 
with NSM rather than vertebral augmentation. The risks 
of serious complications from vertebral augmentation are 
very low, and mortality directly related to the procedure is 
exceedingly rare. There is recent evidence to suggest that the 
complication rate, rate of morbidity, and rate of mortality are 
signiþcantly less for patients undergoing vertebral augmen-
tation than those patients undergoing NSM.

15.7  Key Points
•	Vertebral augmentation procedures provide pain relief, 

functional improvement, and improved QOL in patients with 
painful VCFs refractory to medical management.

•	There is high-quality evidence to support the use of VP 
for pain relief in acute osteoporotic VCFs. While two large 
sham-controlled randomized trials found no beneþt from 
VP, these were ÿawed by serious methodological limita-
tions, and more recent RCTs have demonstrated signiþcant 
 improvements in pain, disability, and QOL.

•	There are data from large RCTs to support the use of 
 kyphoplasty for VCFs.

•	The risk of complications is exceedingly low. Complica-
tions generally result from unrecognized extravasation of 
bone  cement and may include nerve or spinal cord injury, 
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 pulmonary embolism, or infection. However, the vast ma-
jority of cement extravasations are asymptomatic. Mortality 
from vertebral augmentation is exceptionally rare.

•	VCFs cause considerable excess mortality in patients with os-
teoporosis and vertebral neoplasm. There is recent evidence 
showing that vertebral augmentation confers a signiþcant 
morbidity and mortality beneþt in those patients treated 
with augmentation as opposed to those patients treated. 
with NSM.
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16  Cost-Eͻectiveness of Vertebral Augmentation
Andrew Brook, Gregory Parnes, David Kramer, Steven M. Henick, Allan L. Brook, and Derrick D. Wagoner

Summary
Vertebral compression fractures (VCFs) are common and are 
becoming even more common with the aging of the popula-
tion.  There is a substantial cost burden to treat these fractures 
and the treatment typically involves either non-surgical man-
agement (NSM), vertebroplasty, or kyphoplasty. Providing cost 
eͣective treatment is important to ensure that the treatment 
will be both eͣective and sustainable.  It has been shown in a 
number of studies around the world that vertebroplasty is cost 
eͣective compared to NSM mainly due to an earlier hospital 
discharge and a decreased number of days spent in the hospital.  
In addition to less days spent in the hospital vertebral augmen-
tation also has a positive eͣect in decreasing the mortality rate 
associated with VCFs.  There are a number of studies of large 
patient populations showing the cost eͣectiveness of vertebral 
augmentation compared to NSM especially when the beneþts 
of improved quality of life and decreased mortality are taken 
into account.  When comparing the types of vertebral augmen-
tation most of the data has shown that kyphoplasty is more cost 
eͣective compared to vertebroplasty primarily due to a better 
quality of treatment eͣect and less health care expenditures 
after the kyphoplasty procedure.  Although there is less data 
regarding the cost eͣectiveness of vertebral augmentation in 
treating neoplastic fractures it appears that the same advantage 
exists for vertebral augmentation versus NSM in the treatment 
of fractures related to cancer in that treating these patients with 
vertebral augmentation is more cost eͣective than managing 
them with NSM.

Keywords: cost eͣectiveness, vertebral augmentation, quality 
adjusted life years, incremental cost-eͣectiveness ratio

16.1  Introduction
VCFs are the most commonly occurring fractures worldwide in 
osteoporotic patients.1 The incidence of vertebral fractures is 
substantial and is often quoted as aͣecting one-third to one-
half of patients over 50 years of age.1 In cancer patients, the 
incidence of vertebral fractures is more speciþc to the type and 
site of the primary cancer, but metastatic disease is common 
especially with some types of cancer including breast cancer 
where 20 to 50% of patients develop bony metastases, and 
65% of bony metastases in breast cancer involve the spine.2 
Vertebral fractures impose enormous societal costs, disrupt 
quality of life (QoL), and are associated with signiþcant short-
term mortality.3,​4

The burden of vertebral fractures on health care cost, QoL, 
morbidity, and mortality has resulted in a variety of studies to 
evaluate the cost-eͣectiveness of treatment options. The treat-
ments most commonly advocated for treating vertebral fractures 
are NSM, kyphoplasty, vertebroplasty, and instrumented fusion 
with or without surgical decompression. This review will focus 
solely on the þrst three treatments since cost-eͣectiveness of 
surgical decompression and instrumented fusion is beyond the 
focus of this chapter. Vertebral augmentation includes both 

kyphoplasty and vertebroplasty. For the purpose of this review, 
cost-eͣectiveness will be deþned as the overall dollar expendi-
ture as well as reduction in length of hospital stay, improvement 
in QoL, and decreased mortality per health care dollar spent. 
Because this review is inclusive of diͣerent disease states and 
both inpatient and outpatients, the review will summarize the 
best data available to make our conclusions as clear as possible.

Most patients admitted to the hospital with a painful VCF are 
managed with NSM. NSM has been shown to be not only inef-
fective in treating the symptoms of a painful VCF, but also more 
expensive due to the costs associated with prolonged bed rest, 
lengthier hospitalizations, and higher readmission rates.5–8 For 
example, a systematic review of 622,675 hospitalized patients 
with VCFs reports an average length of stay of 10 days with 
approximately one-quarter of these patients hospitalized for 
greater than 2 weeks.9 Additionally, 20% of patients hospital-
ized with VCF who were treated with NSM required readmis-
sion within 30 days.10,​11

One of the only prospective evaluations of the cost of ver-
tebral augmentation for osteoporotic compression fractures 
was done in Japan and published in 2017.12 This prospective 
series assessed the cost-eͣectiveness and improvement in QoL. 
They prospectively followed 163 patients with acute compres-
sion fractures and measured the health-related QoL and pain 
during 52 weeks’ observation using the European Quality of 
Life–5 Dimensions  (EQ-5D), the Rolland–Morris Disability 
Questionnaire  (RMD), the 8-item Short-Form health survey  
(SF-8), and visual analog scale (VAS).

They calculated the direct medical cost through the account-
ing system of the hospital and the Japanese health insurance 
system. The cost analysis did not take into account the lost time 
and money from work. They included the cost of the proce-
dure  (labor and material costs), hospitalization costs, exami-
nation and diagnosis  (including imaging such as MR imaging, 
CT, biopsy, etc.), and other costs that could be counted such 
as meals were also included. The cost of the average vertebro-
plasty was listed as US$ 1,549, an amount that is similar to 
other Western countries.12

They reported rapid improvement in the EQ-5D, SF-8, RMD, 
and VAS scores.12 Their þndings suggest that vertebroplasty was 
cost-eͣective at improving QoL and pain in patients with acute 
osteoporotic compression fractures in Japan.

An analysis of several large cohort retrospective reviews 
from around the world presented data that supported reduced 
hospital stays and lower 30-day readmissions rates for patients 
with VCFs who were treated with vertebral augmentation. An 
analysis of 13,624 patients from The French Hospital National 
Database demonstrated that a greater number of patients who 
received vertebroplasty were discharged within a week in 
comparison to those who received NSM (68% for vertebral aug-
mentation vs. 47% for NSM; p < 0.0001).13 A nationwide cohort 
study from Taiwan involving 9,238 patients found a reduction 
in hospital length of stay by 2 days as well as a decrease in 
readmission rates at 7 and 30 days for patients who underwent 
vertebroplasty.11 The National Medicare Database in the United 
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States has shown an average length of stay of 3 to 6 days for 
patients receiving augmentation, which is on average a 4- to 
7-day reduction in length of stay when compared to traditional 
NSM data as presented above.9,​10 Intuitively, the length-of-stay 
decreases lead to less cost.

16.2  Cost-Eͻectiveness
We can clearly see that vertebral augmentation is associated 
with decreased short- and long-term mortality, but does it 
reduce cost? The most informative data on the cost-eͣective-
ness of vertebral augmentation is derived from retrospec-
tive analyses of large patient populations (̀Table 16.1).14–19 A 
review of this retrospective literature, while somewhat limited 

in sample size and breadth of scope, does indicate that verte-
bral augmentation is more cost-eͣective when compared to 
NSM.20–23 This is particularly apparent when the mortality ben-
eþt of vertebral augmentation is included in this cost analysis.

Cost-eͣectiveness models comparing vertebral augmen-
tation to NSM have also been performed and calculated that 
the cost per life-year gained ranged from US$ 1,863 to 13,543 
for vertebral augmentation.20 A cohort study from the United 
Kingdom looked at patients hospitalized for VCFs and found 
that the cost per quality-adjusted life year of kyphoplasty versus 
vertebroplasty was û19,706 and concluded that kyphoplasty 
may be more cost-eͣective than both NSM and vertebro-
plasty  (̀Table  16.2).21 If one simply looks at health care dol-
lars expended, NSM may appear more cost-eͣective, but when 

Table 16.1  Review of literature 

Study Stevenson et al24 Svedbom et al21 Ström et al25 Klazen et al26 Fritzell et al22

Nation United Kingdom United Kingdom United Kingdom The Netherlands Sweden

Year 2010–2011 2009 2008 2008 2008

Comparators VP, BKP, NSM and 
operational local 
anesthesia

BKP, VP, NSM BKP, NSM VP, NSM BKP, NSM

Base case target 
patient group

70-y-old women 
with a
T-score of –3 SD

70-y-old-women with 
a T-score of –3.0 and a 
prevalent VCF

70-y-old UK men and 
women with a T-score 
of –2.5 and at least 
one VCF

75 y of age with prev-
alent VCF and back 
pain <6 wk)

72 y in BKP arm and 
75 y in control arm

Time horizon Lifetime Lifetime Lifetime Within trial Within trial

Study design Markov’s cohort 
model

Markov’s cohort 
model

Markov’s cohort 
model

Within trial Within trial

Discounting 3.5%/y 3.5%/y 3.5%/y None None

Perspective Health care Health care Health care Health care Societal

Outcomes QALYs QALYs QALYs QALYs QALYs

Source for diͣerential 
QoL

Combination FREE, VERTOS II FREE trial VERTOS II FREE (Swedish 
patients)

Underlying mecha-
nism for determining 
QoL

Combination EQ-5D (UK tariͣ) EQ-5D (UK tariͣ) EQ-5D (Dutch tariͣ) EQ-5D (UK tariͣ)

Duration of diͣerential 
eͣect

Diͣerent scenarios 2 y followed by 1-y 
decline to zero eͣect

1 y followed by 2-y 
decline to zero eͣect

1 y 2 y

Other diͣerential 
eͣects

Diͣering hospital stay, 
mortality, refracture 
rate

Yes, reduced hospi-
talization days and 
mortality with BKP 
and VP vs. NSM

Yes, reduced hospitali-
zation days with BKP

No No

Adverse events 
considered

Yes No No Unknown Yes

Abbreviations: BKP, balloon kyphoplasty; EQ-5D: EQ-5D Health Questionnaire; NSM, nonsurgical management; QALYs, quality-adjusted life years;  
QoL, quality of life; SD, standard deviation; VCF, vertebral compression fracture; VP, vertebroplasty.

Table 16.2  Base case results in Svedbom et al21

Total costs in 
euros

Total quality-ad-
justed life years

Incremental costs 
in € (ICER)

Quality-adjusted 
life-year gained

ICER vs. NSM (€) ICER BKP vs. 
NSM (€)

BKP 11,483 5.473 26,58 0.14 3,337 19,706

VP 8,825 5.338 –1,001 0.36 Cost-saving

NSM 9,826 4.976

Abbreviations: BKP, balloon kyphoplasty; NSM, nonsurgical management; VP, vertebroplasty.
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factoring the cost-eͣectiveness beneþts of improved QoL and 
reduced mortality gained from vertebral augmentation, verte-
bral augmentation is clearly shown to be more cost-eͣective 
than NSM.21 A prospective multicenter study from Sweden that 
lacked some of these adjustments and included only 63 patients 
failed to show the cost-eͣectiveness of kyphoplasty and com-
puted an outrageously high cost per quality-adjusted life year 
of US$ 134,000.22

Borgström et al conducted a systematic analysis of peer-
reviewed investigations of the cost-eͣectiveness of verte-
bral augmentation in patients with VCFs and osteoporosis.23 
When compared to NSM, vertebral augmentation was found 
to be cost-eͣective in three of the þve studies reviewed. 
Incremental cost-eͣectiveness ratios ranged from û3,337 to 
92,154 (US$ 3,799ð104,914) in four out of the þve studies ana-
lyzed.23 Variations in cost-eͣectiveness were most aͣected by 
the time horizon of the study, time to realization of treatment 
eͣect, eͣect of treatment on QoL, reduction in length of stay, 
and mortality after vertebral augmentation.23

A cost analysis using Medicare claims from January 2005 to 
December 2008 in the United States found that the vertebral 
augmentation for the treatment of VCFs proves once again to 
be cost-eͣective.27 In this analysis, while all forms of verte-
bral augmentation proved cost-eͣective, kyphoplasty could 
impart more cost savings when compared with vertebroplasty. 
The diͣerences in cumulative median costs for vertebroplasty 
and kyphoplasty compared with nonoperative management 
were US$ 8,300 to 28,820 for vertebroplasty and US$ 12,580 
to 18,500 for kyphoplasty.27 These results were dependent on 
age and gender. The cost per life-year gained for kyphoplasty 
compared with NSM was US$ 1,863 to 6,687, and the cost per 
life-year gained for vertebroplasty compared with NSM was 
US$ 2,452 to 13,543.27 The cost-per-life-year-gained when com-
paring kyphoplasty versus vertebroplasty was US$ 284 to 2,399 
for females and US$ 2,763 to 4,878 for males.27 These þndings 
clearly indicate a lower cost-per-life-year-gained for kyphop-
lasty. Some variables including the cost of equipment and cost 
of the hospital vary greatly depending on the manufacturer, the 
location of the hospital, and the comorbidities of each patient. 
In addition, the lost work hours and the family cost of care to 
each patient are not represented and represent additional cost 
saving when appropriately taken into account.

A retrospective study by Masala et al showed that percu-
taneous vertebroplasty  (PVP) in patients with osteoporotic 
vertebral fractures was more cost-eͣective than NSM.28 In the 
European Union, vertebral fractures are responsible for 8% of 
the hospital costs of all osteoporotic fractures, and the hospital 
cost of a vertebral fracture treated by NSM is approximately 63% 
of the mean hospital cost of a femoral fracture.28 In a patient 
population of 153 patients, 58 of which underwent PVP and 
95 underwent NSM, Masala et al found PVP to be superior in 
outcome eͣectiveness, cumulative costs, and overall cost-
eͣectiveness at 1 week and 3 and 12 months postprocedure.28 
Cost-eͣectiveness was measured as the average cost per patient 
per reduction of 1 point on a reduction of pain (VAS) or improve-
ment in the activities of daily living  (ADL) scale. Costs were 
evaluated for each group by adding hospital care costs to all 
outpatient costs. PVP was more cost-eͣective at all three time 
points, statistically signiþcant in all three categories at 1 week, 

and statistically signiþcant for improved ADL scale at 3 months. 
It was also associated with earlier pain reduction, improvement 
of ambulation, and improvement of ability to perform ADL in 
the short and long term. The factors that most inÿuenced cost 
were days of hospitalization, physical therapy, and the back 
brace for the NSM group. In the PVP group, costs were mainly 
aͣected by the hospital expenses of the procedure.28 Masala et 
al concluded that the improved clinical outcomes, along with 
the lower cost-eͣectiveness ratio of PVP in the short term and 
its comparable cost-eͣectiveness ratio with that of NSM in the 
long term make PVP a preferable procedure to NSM.28

When dealing with metastatic disease and vertebral patho-
logic compression fractures, there is even less long-term pro-
spective data than with osteoporotic VCFs. The best literature 
review is by the Health Quality Ontario assessment done in May 
2016.29 The objective of the Health Quality Ontario analysis 
was to determine the cost-eͣectiveness and budgetary impact 
of kyphoplasty or vertebroplasty compared with NSM for the 
treatment of VCFs in patients with cancer.

Upon completing a systemic review of health economic 
studies, they performed a primary cost-eͣectiveness analysis 
to assess the clinical beneþts and costs of kyphoplasty or ver-
tebroplasty compared with NSM in the same population from 
published sources. They also performed a 1-year budget impact 
analysis using data from the Health Quality Ontario administra-
tive sources. They found that kyphoplasty and vertebroplasty 
used in patients with cancer may be a cost-eͣective strategy at 
commonly accepted willingness-to-pay thresholds.29

In conclusion, vertebral fractures are extremely common in 
patients older than 50 years, especially in patients with oste-
oporosis and metastatic cancer. The overall review of the lit-
erature supports vertebral augmentation as a cost-eͣective 
method that is superior and more cost-eͣective than NSM 
in patients with VCFs. Some of the major inÿuences are the 
decreased length of stay and the overall lower rate of narcotic 
usage over time.
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17  Additional and Adjacent Level Fractures  
after Vertebral Augmentation
Scott Kreiner

Summary
Vertebral compression fractures (VCFs) are common as are the 
occurrence of additional vertebral fractures that happen after 
the incident level fracture.  There are several reasons that pre-
dispose patients to additional vertebral fractures including 
the anatomy of the fracture and the use of corticosteroids but 
the primary determinate factors are low bone mineral density 
and spinopelvic imbalance.  Prior vertebral compression frac-
tures also increase the risk of an additional fracture substan-
tially with an increased risk up to 75 times higher for patients 
with three or more fractures. There is ample data showing no 
increased risk of additional fractures after vertebral augmenta-
tion but certain procedural features may predispose to adjacent 
level fractures such as cement extravasation into the disk.

Keywords: vertebral augmentation, adjacent level fractures, 
bone mineral density, spinopelvic balance, kyphotic deformity

17.1  Introduction
Compression fractures of the spine are a large problem, aͣect-
ing between 700,000 and a million persons in the United States 
annually, and 25% of women in their lifetime.1,​2 Treatment of 
these compression fractures should not only focus on the index 
fracture but also on preventing further fractures in the future. 
To better understand how to prevent future fractures, it is 
imperative that we know what puts patients at risk for devel-
oping new fractures.

17.2  Risk Factors for Additional or 
Adjacent-Level Fractures
There are several risk factors associated with the development 
of additional or adjacent-level fractures. These risk factors are 
similar to the risk of initial fractures discussed in Chapter 4. 
Decreased bone mineral density  (BMD) is the primary deter-
minant in the development of additional or adjacent fractures 
whether they are treated or untreated.3–15 In fact a prominent 
decline in BMD of 2 SD is associated with a fourfold to sixfold 
increase in risk of additional fracture.15,​16 In addition, the use of 
chronic corticosteroids has been associated with a propensity 
for developing VCFs and recurrent compression fractures11,​17  
via their eͣects promoting osteoclastic activity, inhibiting 
osteoblastic activity, and the interference on the small intes-
tine’s ability to absorb calcium. The presence of prior fracture 
is also predictive of future fractures. A single compression frac-
ture increases the risk of another fracture by 3.2 to 5 times, the 
presence of two or more fractures increases the risk of another 
fracture by a multiple of 10 to 12, and the presence of three 
or more fractures increases the risk of another fracture by 
a very substantial 23 to 75 times.15,​18,​19 A combination of low 
BMD and more than two prior fractures increases the risk of 

a new vertebral fracture to at least a factor of 75-fold, relative 
to women with a BMD in the top 67th percentile and no prior 
fracture.15

However, it is not just the presence of a prior fracture that 
increases the risk of future fracture; there are biomechanical 
eͣects directly related to the index fracture that are associated 
with the increased risk of future fracture. End plate fracture 
itself aͣects the biomechanics of the spine by disrupting the 
ability of the intervertebral disk to pressurize, which increases 
the compressive loading on the anterior wall of the adjacent 
vertebrae, predisposing it to fracture.20 The correction of end 
plate deformity by reducing the end plate and stabilizing it 
with polymethyl methacrylate  (PMMA) decreases this force 
and is an important factor in decreasing adjacent-level frac-
tures.20 An even more important factor in causing additional 
and adjacent-level fractures is the kyphotic angle formed by 
the index fracture. This kyphotic deformity causes the body 
mass from above the fracture to deviate anterior to the typical 
center of balance, thereby increasing the eͣective pressure on 
adjacent vertebrae.21 Additionally, to maintain equilibrium, the 
paraspinal muscles must supply a force equal and opposite to 
this anterior mass movement in direct proportion to the lever 
arm. So, as the kyphotic deformity increases, so do the down-
ward forces on the spine especially on the anterior portion of 
the vertebral body.

Clinically, these biomechanical factors have been shown to 
be directly related to the occurrence of additional and adja-
cent-level fractures. Lunt et al19 showed that the shape of the 
fracture  (̀Table 17.1) strongly inÿuences the risk of future 
fracture, with more kyphotic deformity increasing the risk 
of fracture by a factor of 5.9 as compared with a compression 
fracture without kyphotic deformity that increases the risk of 
future fracture by a factor of only 1.6. In addition to the focal 
anatomic changes caused by a VCF, Baek et al22 further deþned 
the relationship between postfracture spinopelvic balance and 
the development of new fractures. The presence of a segmental 
kyphotic angle (SKA; ̀Fig. 17.1) of over 11 degrees is associ-
ated with increased risk of fracture regardless of whether the 
vertebral body has undergone augmentation. Other spinopel-
vic parameters associated with increased fracture risk include 
a sagittal vertical axis  (SVA; ̀Fig. 17.2) of greater than 6 cm, 
sacral slope (SS; ̀Fig. 17.3) less than 25 degrees, and a lumbar 
lordosis (LL) of less than 25 degrees.

17.3 Possible Inÿuences of 
Vertebral Augmentation 
Technique
There has been some concern that the placement of PMMA in 
the spine, adjacent to osteoporotic vertebrae, increases the risk 
of adjacent-level fracture.23 This perception is likely because, as 
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discussed earlier, these patients are at higher risk than patients 
without a fracture history. Additionally, there is some evidence 
to support that additional and adjacent-level fractures are more 
likely to occur sooner after vertebral augmentation than with 
nonsurgical management, though the rate of adjacent-level 
fractures is similar.24

A systematic review by Papanastassiou et al25 compared 
the available evidence, which showed that when comparing 
rates of additional or adjacent fracture, balloon kyphoplasty 

Fig. 17.2  Sagittal vertical axis (SVA) is the most common 
measurement of global alignment. (Reproduced with permission 
of Diebo BG, Varghese JJ, Lafage R, et al. Sagittal alignment of 
the spine: what do you need to know? Clin Neurol Neurosurg 
2015;139:295–301.)

Fig. 17.1  Measurement techniques for assessment of regional 
deformity (RKA/SKA). (IVA, intervertebral angle; VW, vertebral wedg-
ing; SKA, segmental kyphosis angle; RKA, regional kyphosis angle.) 
IVA + VW = SKA. (Reproduced with permission of Koller H, Acosta F, 
Hempþng A, et al. Long-term investigation of nonsurgical treatment 
for thoracolumbar and lumbar burst fractures: an outcome analysis 
in sight of spinopelvic balance. Eur Spine J 2008;17:1073.)

 Table 17.1  Risk of future fracture based on shape of incident fracture 

Shape of deformity Relative risk of future fracture

Central fracture with global/posterior ÿattening

 

1.6

Anterior fracture central

 

5.9
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and vertebroplasty have rates of 11.7 and 11.5%, respectively, 
as compared with a rate of 22.7% for nonsurgical management. 
Additionally, fracture reduction, or increasing the height of a 
previously fractured vertebral body with kyphoplasty, does 
not increase the risk of adjacent-level fracture when compared 
with vertebroplasty.26

The data available suggest that the risk of additional and 
adjacent-level fractures is essentially the same whether or not 
the incident fracture has undergone vertebral augmentation.26 
However, certain factors associated with vertebral augmenta-
tion may increase the risk of fracture adjacent to the index frac-
ture. In particular, the leakage of intradiskal cement during the 
procedure has been associated with an increased risk of frac-
ture. Nieuwenhuijse et al8 prospectively followed 115 patients 
with 216 VCFs for recurrent fracture after vertebroplasty. 
Both patient and vertebra-speciþc risk factors were assessed. 
While a number of risk factors of additional fracture were 
found, the only independent risk fracture related to vertebral 
augmentation was the presence of intradiskal cement leakage. 
This þnding has been corroborated by other authors.27–29
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18  Predisposing Factors to Vertebral Fractures
Olivier Clerk-Lamalice

Summary
The risk factors for vertebral compression fractures (VCFs) 
include infection, trauma, and cancer but the vast majority 
of vertebral fractures are due to osteoporosis.  There are con-
tributing factors to osteoporosis that are modiþable including 
excessive alcohol and tobacco use, insuͤcient weight bearing 
activity, and low body mass. One of the predisposing fractures 
that is unmodiþable is a personõs genetic predisposition to oste-
oporosis.  There have been at least þfteen genes that have been 
conþrmed as susceptibility genes and the number could be as 
high as thirty.  After vertebral augmentation it appears that the 
primary risk factor associated with an additional vertebral frac-
ture is the presence of osteoporosis and the treatment of that 
underlying disorder is important to limit or prevent additional 
fractures.  Pathologic fractures due to metastatic disease may 
account for up to 25% of the Medicare patients treated for VCFs 
and the most common metastases to the spine include breast, 
kidney, prostate, lung, and, thyroid carcinomas. Given the rel-
atively high prevalence of these lesions, a bone biopsy is indi-
cated in focal lesions or with inþltrated bone marrow. Vertebral 
fractures due to infection should be treated with antibiotics 
and the infection eradicated before any additional structural 
support is provided by vertebral augmentation. The majority 
of vertebral fractures due to trauma happen in younger and 
healthier patients with a high energy fall being the most com-
mon cause.  Most traumatic fractures are of the compression 
variety and involve the thoracolumbar junction.  Traumatic 
fractures are most often not treated with vertebral augmenta-
tion but with the development of implant augmentation these 
fractures may commonly be treated by percutaneous implant 
augmentation in the future.

Keywords: vertebral compression fractures, osteoporosis, 
vertebral augmentation, metastatic disease, spondylodiskitis

18.1  Introduction
Approximately 1.5 million osteoporotic fractures occur each 
year in the United States, of which more than 50% are VCFs.1 
Osteoporosis is responsible for the vast majority of VCFs; 
however, trauma, infection, and neoplasm are also predispos-
ing factors to fractures. The risk factors of osteoporotic VCFs 
are categorized as potentially modiþable and nonmodiþable. 
Nonmodiþable risk factors include being Caucasian of Northern 
European descent, female gender, advanced age, susceptibil-
ity to fall, presence of dementia, and history of fractures in a 
þrst-degree relative. On the other hand, potentially modiþable 
risk factors include estrogen deþciency, alcohol/tobacco use, 
frailty, impaired eyesight, insuͤcient physical activity, and low 
body weight. Pathologic vertebral fractures are surprisingly 
prevalent, responsible for up to 25% of the reported Medicare 
VCF volume. These fractures can be treated with vertebral 
augmentation especially when radiotherapy is considered. 
Traumatic vertebral fractures are the most prevalent in patients 

younger than 50 years. The most common causes of accidents 
responsible for those fractures are high-energy falls, followed 
by automobile accidents. Although vertebral augmentation has 
not been routinely adopted in treatment of traumatic VCFs, pre-
liminary reports have concluded that such interventions could 
be performed in well-selected cases.

18.2  Current Information Based 
on Recent Literature and State- 
of-the-Art Practice

18.2.1  Osteoporosis
The World Health Organization has developed a deþnition of 
osteoporosis using dual-energy X-ray absorptiometry as a 
means of deþning bone mass. The bone density is compared 
to the ideal peak bone mineral density  (BMD) of a healthy 
30-year-old adult. This comparison results in a T-score. A score 
of 0 means your BMD is equal to the norm for a healthy young 
adult. The bones are considered normal or healthy with a bone 
density from +1 to –1 standard deviation (SD). If the measure-
ment reveals a bone mass between ð1 and -2.5 SD, the patient 
is considered to have low bone mass. Individuals with mea-
surements lower than ð2.5 SD are considered osteoporotic. In 
addition, individuals with a T-score lower than ð2.5 SD with 
an osteoporotic fragility fracture are considered to have severe 
osteoporosis (̀Table 18.1).

The lifetime risk of all types of skeletal fractures for Caucasian 
women older than 50 years of age approaches 75%. In fact, the 
lifetime risk of a symptomatic vertebral fracture is 15.6% in 
white women and 5.0% in white men.2 This fracture risk in post-
menopausal woman increases sixfold3 with 25% of additional 
risk increase in women with a history of prior vertebral fracture 
in the last 2 years.4,​5 Osteoporosis decreases the BMD, disrupts 
the bone microarchitecture, and alters the contents of noncolla-
genous proteins in the bone matrix.6 This structural deteriora-
tion leads to fragile bones prone to fractures. It is estimated that 
approximately 44 million Americans have osteoporosis and an 
additional 34 million Americans have low bone mass.7

Table 18.1  World Health Organization deþnitions based on bone 
density levels 

Level Deþnition

Normal Bone density is within 1 SD (+1 or ð1) of the 
young adult mean

Low bone mass Bone density is between 1 and 2.5 SD below 
the young adult mean (ð1 to ð2.5 SD)

Osteoporosis Bone density is 2.5 SD or more below the 
young adult mean (ð2.5 SD or lower)

Severe osteoporosis Bone density is more than 2.5 SD below the 
young adult mean, and there have been one or 
more osteoporotic fractures
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Genetic predisposition also has an important impact on 
VCF incidence within a studied population. There is indeed a 
threefold variation in VCF occurrence in Europe with higher 
rates seen in Scandinavian countries.8 Also, at least 15 genes 
have been conþrmed as susceptibility genes (i.e., RANKL, OPG, 
RANK, SOST, LRP5) and multiple others (at least 30) have been 
highlighted as promising genes. Those genes are regrouped in 
three biological pathways: the OPG/RANK/RANKL pathway, the 
Wnt/Ȳ-catenin pathway, and the estrogen, endocrine pathway.9

The typical risk factors associated with osteoporotic VCFs 
can be categorized as potentially modiþable and nonmodiþ-
able. Nonmodiþable risk factors include being Caucasian of 
Northern European descent, female gender, advanced age, 
susceptibility to fall, presence of dementia, and history of frac-
tures in a þrst-degree relative. Potentially modiþable risk fac-
tors include estrogen deþciency, alcohol/tobacco use, frailty, 
impaired eyesight, insuͤcient physical activity, and low body 
weight. Interestingly, age itself has been found to be a risk factor 
independent of bone density.6

The fracture risk is multifactorial but highly dependent 
on the peak bone mass achieved at 30 years of age. However, 
the peak bone mass is mainly determined by genetic factors, 
physical activity, endocrine status, nutrition, and health dur-
ing growth. Health professionals recommend being active prior 
to this age to maximize the bone peak mass. Indeed, animal 
model and human studies suggest stress loading that is of high 
magnitude and is rapidly applied is eͣective in increasing bone 
density prior to 30 years of age along with continued regular 
exercise afterward.10 Also, brief high-impact-jump training 
increases the BMD in premenopausal women.

The trunk muscles provide static equilibrium and appro-
priate response to changes in loading and displacement per-
turbations while ensuring stability of the vertebral column.11 
Unfortunately, the current understanding of the muscle/bone 
interaction in older patients remains limited. Studies report 
that prevalent VCFs are associated with lower trunk muscle 
density and/or increased fat accumulation in muscle.12 It is also 
known that coactivation of antagonistic muscles can increase 

muscle stiͣness and stability; however, this activation also 
increases spinal loads13,​14 and can contribute to VCFs.

After vertebral augmentation, the only risk factor signiþ-
cantly associated with subsequent compression fracture is the 
presence of osteoporosis  (low T-score).15 It has been thought 
and debated for many years that vertebral augmentation might 
predispose to adjacent-level fractures. However, meta-analyses 
demonstrated that there is no increase of adjacent-level frac-
ture in patient treated with vertebral augmentation16 and even 
a decrease of the incidence of subsequent fractures when com-
paring the vertebral augmentation arm to the conservative 
management arm.17 This decrease in adjacent-level fractures 
is most likely related to corrected segmental kyphosis and 
decrease of the ÿexion moment introduced at the level of the 
functional spinal unit by the VCF.

18.2.2  Pathologic Fractures
The most common malignancies that metastasize to the bone 
and spine are breast, lung, kidney, prostate, and thyroid carci-
nomas. Spine metastases are 40 times more prevalent than all 
primary tumors combined and the vertebral body is 20 times 
more likely to be involved by a lesion in comparison to the pos-
terior elements  (̀Fig. 18.1). As a rule of thumb, most lesions 
involving the anterior column will be malignant  (metastases, 
myeloma, lymphoma, chordoma) with the exception of heman-
giomas and eosinophilic granuloma. On the other hand, lesions 
involving the posterior arc are typically benign such as osteoid 
osteoma, osteoblastoma, and aneurysmal bone cyst (benign but 
locally aggressive).

According to the Medicare data, up to approximately 25% of 
VCFs are neoplastic in origin.18 Because of this high prevalence, a 
bone biopsy is indicated in patients with either a focal lesion or 
evidence of inþltrated bone marrow (characterized by a lower 
T1-weighted bone marrow signal when using the intervertebral 
disks or paraspinal muscles as a reference guide; ̀Fig. 18.2).

For cases of pathologic fracture with extraosseous soft-tis-
sue component and/or multiple metastases, multidisciplinary 

Fig. 18.1  (a) Sagittal STIR (short tau inver-
sion recovery) MR image shows pathologic 
fractures secondary to prostate adenocarcino-
ma metastasis at L4 (red arrow) and L5 (white 
arrow). (b) Sagittal CT scan image after 
kyphoplasty of L4 and L5 demonstrates ade-
quate PMMA (polymethyl methacrylate) þlling 
of the vertebral bodies.
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meetings are useful to optimize therapy approaches and 
patient outcomes. Indeed, discussions between the depart-
ment of radiation oncology, neurosurgery, and interventional 
pain management help select candidates that might beneþt 
from vertebral augmentation prior (or after) to radiation ther-
apy. The goal of instilling polymethyl methacrylate  (PMMA) 
in these patients is to provide anterior column support and 
reducing the risk of additional pathologic fractures related 
to the weakened trabecular bone due to radiation and tumor 
inþltration.

18.2.3  Fractures Secondary to Infection
VCF can be caused by underlying infection (spondylitis or spon-
dylodiskitis). If an underlying infection is suspected, meticulous 
evaluation of the patient should be performed to make an ade-
quate diagnosis and avoid catastrophic consequences related to 
instillation of PMMA within an infected nidus. It is important 
to recognize pyogenic spondylitis and to treat it accordingly 
with antibiotics. An infectious process is an absolute contrain-
dication for an augmentation procedure, just like a suspected 
systemic infection.

The MR signal characteristics can sometimes be similar 
for both a metastasis and a spondylitis/spondylodiskitis. Both 
can have hypointense T1-wighted signal and hyperintense  
T2/short tau inversion recovery (STIR) weighted signal on MRI. 
However, in 95% of the infectious processes, the disk will be 
involved  (̀Fig.  18.3) and, due to its avascular characteristics, 
this anatomical location will be aͣected in only 1% of the neo-
plasm/metastasis.19 Also, classic radiological þndings can be 
useful to diͣerentiate both entities (̀Table 18.2). The patient 
history and clinical symptoms are also keys to diͣerentiate both 
entities. The following points can provide arguments in favor 
of spondylitis/spondylodiskitis: history of intravenous (IV) drug 
usage, chronic preexisting disease, prior spinal surgery, and 
penetrating trauma.

With a suspected spondylitis, laboratory and microbiologi-
cal tests should also be performed. An elevated C-reactive pro-
tein (CRP) will be highly suggestive of infection and will be seen 
in 90 to 98% of cases.19 Blood sedimentation rate can also be 
helpful but is less speciþc than CRP. Elevated white cell count 
may or may not be present.

Aerobic and anaerobic cultures should also be obtained 
via blood culture  (at least two blood culture pairs should be 
obtained). However, the pathogen is identiþed only in 25 to 60% 
of cases. A biopsy of the disk, end plate, or paravertebral soft 
tissue has a speciþcity close to 90% and should be considered 
whenever possible. Despite the high speciþcity, needle biopsies 
of the intervertebral disk may have a sensitivity of only 33%, 
so a negative culture result after a biopsy should not preclude 
empiric treatment for a suspected diskitis.20

Most commonly, spondylodiskitis occurs via hematoge-
nous route. Typically, in adults, the bacteria will þrst aͣect 
the end plates and then will extend to the intervertebral 
disk. Another possible seeding mechanism is via direct exten-
sion, for instance in penetrating trauma or infection from 
instrumentation.

Spondylodiskitis is overwhelmingly caused by Staphylo-
coccus aureus (50ð70% of cases) in developed countries.21,​22  
However, tuberculous spondylodiskitis, most commonly result-
ing from hematogenous spread, is the most common type 
worldwide.

Other gram-positive and gram-negative bacteria are responsi-
ble for spondylodiskitis such as the following: Enterobacteriaceae 
species such as E. coli (e.g., patients with active urinary tract 
infections); P. aeruginosa (e.g., patients with a history of IV 
drug abuse); Brucellosis (e.g., patients living in Mediterranean 
countries and in the Middle East); less commonly Streptococcus 
pneumoniae (e.g., patients with diabetes); and more rarely 
Salmonella species (e.g., patients with sickle cell disease or asple-
nia). Brucella, fungi, and parasites such as hydatid disease are 
other possible infectious pathogens, but are rarely seen.

Fig. 18.2  (a) Sagittal T1-weighted sequence of the thoracic spine demonstrates diͣuse metastatic inþltration of the bone marrow by a rectal 
mucinous adenocarcinoma (T1-weighted signal of the marrow signiþcantly lower than the disk). (b) Sagittal T2-weighted sequence. Arrows in 
(a) and (b) show a T12 pathologic vertebral compression fracture. (c) Fluoroscopic image demonstrates adequate PMMA (polymethyl meth-
acrylate) þll of the vertebral body from pedicle to pedicle and from end plate to end plate.
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