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Preface 

Osteoporosis is one of the ten most important diseases worldwide and its importance will rise further fol-
lowing the aging of the population. Vertebral fractures are the most common fractures in osteoporosis and 
have significant impact on quality of life and survival rates, as well as carrying increased socioeconomic 
costs. 

The establishment of minimally invasive treatment schemes in recent years has led to reduced periop-
erative morbidity and increased early mobilization. This book focuses on balloon kyphoplasty and alterna-
tive minimally invasive treatments for stabilization of osteoporotic vertebral fractures. 

The optimal treatment of a patient with osteoporotic vertebral fractures requires an interdisciplinary ap-
proach, and therefore our book draws on the expertise of orthopedic surgeons, traumatologists and neuro-
surgeons, and also includes a chapter on medical treatment.

We are happy to present the first English edition of this book. All chapters have been extensively revised 
and updated. In addition to a detailed description of the technique of balloon kyphoplasty, with practical 
tips from experts, the book retains a chapter on the medical treatment of osteoporosis, which is still indis-
pensable in the interdisciplinary approach to osteoporosis. This well established concept, uniting several 
treatment aspects including conservative treatment, is preserved in this book. However, new chapters have 
been added as the result of recent developments and clinical findings. These include a new step-by-step 
treatment scheme for osteoporosis, new clinical and biomechanical aspects, and a chapter on special indi-
cations such as osteonecrosis. Furthermore an entire new chapter discussing the indication and clinical 
results of balloon kyphoplasty in trauma has been added.

In keeping with the international aspect of this book, the reimbursement schemes of several countries 
have been added in order to provide insight into current reimbursement strategies.

Stephan Becker and Michael Ogon
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Chapter 1

Epidemiology of osteoporosis

S. Becker and M. Ogon 

During the past decade the number of people af-
fected by osteoporosis has become more significant 
worldwide, and this disease is now regarded by the 
WHO as one of the ten most serious global dis-
eases. The aging of the population will probably be 
one of the most important changes in society 
throughout the next decades. The incidence of frac-
tures as a consequence of osteoporosis increases 
exponentially with age [Felsenberg 2002], with the 
spine being the most common place for osteopo-
rotic fractures [Dennison 2002]. Studies in the USA 
show indications of vertebral fractures in 25% of 
women over the age of 75 and in more than 50% 
of women over 80. The area most frequently af-
fected is the middle range of the thoracic spine and 
the transition area between the thoracic and lumbar 
spines [Melton 1989; Kanis 1992; Lee 1996].

In 1998 the European Commission for Employ-
ment and Social Affairs developed a consensus pa-
per that reflects the state of osteoporosis at that time 
in the countries of the EU [European Commission 
1998]. In general, osteoporosis is a disease of old 
age, and therefore the growth of the population 
within the EU should be analyzed in order to esti-
mate the risk and the further epidemiological devel-
opment. As is well known, the populations of indus-
trial nations are increasingly aging, and the Euro-
pean Commission of Health has taken up the case 
and analyzed the problem. The analysis shows that 
the population of the EU (without the states that 
joined in 2004) will increase to approx. 390 million 
people by 2015, and then will go down as a result 
of the declining birth-rate, falling to approx. 170 mil-
lion women and 163 million men by 2050. At the 
same time the ratio of working-age persons to re-
tired persons will change; in particular, the propor-
tion of retired people over the age of 80, that is the 
population with the highest sex-independent osteo-
porosis risk, will rise from 8.9 million women and 
4.5 million men in 1995 to 26.4 million women and 
17.4 million men in 2050 as a consequence of the 

overall aging of the population. This means a tri-
pling of this elderly age group. In urbanized coun-
tries the proportion of persons over the age of 80 
will be 5–10% of the general population. 

Incidence and prevalence of vertebral 
fractures

Every year 700,000 Americans and 490,000 EU 
citizens (EU before 2004) suffer an osteoporotic ver-
tebral fracture [Riggs 1995; O’Neill 1996]. In 1993 
the incidence in women over 50 was 18 per 1000 
person years [Melton 1993], and thus at that time 
was already twice as high as the incidence of frac-
tures of the femur neck (6.2 per 1000 person years). 
Furthermore, only every third osteoporotic fracture 
is diagnosed correctly and only 10% of the fractures 
need hospital treatment [Cooper 1992]. According 
to a study from the UK only every tenth fracture is 
diagnosed correctly [Van Staa 2001]. Even if a frac-
ture does show on the x-ray, it is not always identi-
fied by the diagnosing radiologist and thus will not 
appear in the patient’s file [Gehlbach 2000]. 

Further data show that the risk for white women 
over 50 suffering a spontaneous osteoporotic verte-
bral fracture in their further life is 40% [Riggs 1995; 
Melton 1989, 1992]. Approximately 8% of all wom-
en who are treated with vitamin D and calcium 
suffer an osteoporotic vertebral fracture within one 
year after starting treatment [Lindsay 2004]. Among 
patients who have already suffered a spontaneous 
fracture, 20% are expected to suffer a second frac-
ture within one year [Lindsay 2001]. In principle all 
patients with osteoporosis are at risk, particularly if 
they have already suffered one fracture. In this case, 
the risk of suffering another fracture in another part 
of the body is 50–100% [Klotzbücher 2000; Wu 
2002].

The prevalence of osteoporosis, i.e. the number 
of people suffering from osteoporosis at a given 
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time, will probably rise within the EU from 23.7 
million in 2000 to 37.3 million in 2050, which 
means an increase of 57% [European Commission 
1998]. Until 2020 men will form the larger fraction 
of the retired population but by 2050 the ratio will 
change in favor of women. Accordingly, the propor-
tion of the population at high risk for osteoporosis, 
i.e. women of pensionable age, will increase con-
siderably, which explains the predicted increase in 
prevalence. Analysis of the progression of preva-
lence of vertebral fractures in the first ten years after 
starting vitamin D and calcium treatment shows a 
prevalence of 33% after five years and 55% after ten 
years in women without previous fractures. That is, 
half of the women treated without bisphosphonates 
suffer an osteoporotic fracture within the first ten 
years of treatment, and of those women 11% suffer 
secondary or further vertebral fractures within the 
first five years and 29% within the first ten years 
[Lindsay 2004].

Sex differences

Without doubt the danger of acquiring osteoporosis 
and thus the risk of osteoporotic fractures increases 
with advancing age. In general, women are regard-
ed as the high-risk group, although exact figures that 
compare epidemiological data on the spine are 
missing and available data on men are mainly poor 
and inconsistent [Harvey 2004]. However, the inci-
dence in men is only 1.9 times lower than in wom-
en [Melton 1993], and the European Vertebral Os-
teoporosis Study (EVOS) found a higher prevalence 
of kyphotic deformity in men aged 50–64 than in 
women of the same age [EVOS 1998]. After the age 
of 65, women show a higher prevalence for patho-
logical kyphosis than men [O’Neill 1996]. Thus it 
can be stated that osteoporosis is a problem not 
only affecting women.

Socio-economic consequences

The aging of the population in industrial nations has 
far reaching socio-economic consequences [Bar-
rett-Connor 1995; Lippuner 1997]. In 1998 the 
above mentioned commission divided the then EU 
countries into three groups, according to their ratio 
of “working population versus pensioners,” indicat-
ing the burden on the respective health systems 
[European Commission 1998]. High-risk countries 
are those where it is expected that the ratio of work-

ing population to pensioners will increase by 157–
171% within the next decade. Germany is at the top 
of the list of the high risk-group, followed by Ireland, 
Luxemburg, the Netherlands and Spain. These 
countries will probably have to increase their gross 
national product (GNP) by more that 2% in order to 
keep up with the increasing costs within their health 
systems. The best ratio of working population to 
pensioners, with an increase of 85–121%, is ex-
pected in Belgium, Denmark, France, Sweden and 
Great Britain. According to the judgment of the EU 
Commission these countries might be able to deal 
with the increasing costs for health services with a 
GNP increase of 1–1.5% by redistributing resources. 
All other countries that were members of the EU 
before 2004 and not mentioned here lie between 
these two groups.

The demographic development of industrialized 
countries, and this surely applies worldwide, shows 
the challenge that health systems are facing in order 
to accommodate the costs of the diseases of old age. 
As an example, take Germany, the country with the 
largest national economy in the EU. A study in 1998 
showed an osteoporotic fracture incidence for Ger-
many and the EU [EVOS 1998] as follows:

– 4.1 million people in the EU (2.2 million women
/1.9 million men) suffered from an old or acute 
vertebral fracture in 1998. Another 6.4 million 
people (4.8 million women /1.6 million men) 
over the age of 50 were at risk of suffering a 
fracture. Every year more than 74,000 suffer a 
new vertebral fracture, i.e. 

– 204 vertebral fractures occur every day, 9 verte-
bral fractures every hour, and one new vertebral 
fracture happens every 7 minutes [Felsenberg 
2002]. 

A prospective study shows the following results for 
2002 for vertebral fractures in the EU (155 million 
women and men between 50 and 79):

– 1.4 million vertebral fractures every year, 3835 
each day, 160 per hour, and 3 fractures per min-
ute [EPOS – European Prospective Osteoporosis 
Study, Felsenberg 2002]. 

The costs for immediate therapy were predicted to 
be 150 million euros for 2001 in Germany, and the 
resulting costs (e.g. after a fracture) to amount to 5 
billion euros. As a comparison: treatment costs for 
cardio-vascular diseases for the same year were 2.3 
million euro, and 700 million for rheumatism. It is 
also interesting to compare the costs of vertebral 
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fractures with the costs of femoral neck fractures. 
On average, 150,000 femoral neck fractures occur 
every year, mostly caused by osteoporosis, and the 
yearly cost of treatment alone is 3.3 billion euros. 
The costs incurred can be easily related to these 
fractures, because they require clinical treatment. 
Thus in 2002 [Dennison 2002], with an estimated 
450,000 new osteoporotic vertebral fractures per 
year, costs of 340 million euros were predicted for 
the entire EU, and 13 billion dollars for the USA 
[Riggs 1995]. As already shown, the data do not 
reflect the high proportion of unrecorded cases, and 
thus treatment costs are difficult to estimate and are 
surely considerably higher. Costs arising in the fu-
ture are certain to be immense, with the 80-year-
olds alone doubling in number. Faced with this fact 
the EU has implemented programs to inform about 
osteoporosis, the means of its prevention and the 
possibilities of treatment.
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Drug therapy of osteoporosis is fundamentally 
changing. Treatments that are available today can 
halve the risk of a vertebral fracture within months. 
These drugs are effective at the cellular level, either 
by inhibiting the resorption of bone via direct or 
indirect effects on osteoclasts, or, as in the case of 
teriparatide, by the almost exclusive induction of 
osteoblasts. The latest development is stable stron-
tium, the salt of ranelic acid. Strontium ranelate is 
the first drug that simultaneously increases osteo-
genesis and decreases bone resorption. Recombi-
nant monoclonal antibodies that influence the regu-
lation of osteoclasts at the cytokine level are also 
currently being developed. Thus in future, in addi-
tion to the two present categories of osteotrophic 
substances (absorption-inhibiting and bone-increas-
ing compounds), there will be two new categories: 
dual-acting bone agents (DABAs) and cytokines or 
biologicals.

The range of drugs that are currently available for 
postmenopausal osteoporosis [Dimai 2002] include 
several bisphosphonates, one selective estrogen re-
ceptor modulator (Raloxifen), teriparatid, fhPTH (1–
34), a recombinant form of native parathyrin, vari-
ous calcitonins (salmon calcitonin, elcatonin), fluo-
rides (sodium fluoride, disodium monofluoro-
phosphate) and strontium ranelate. Following the 
most recent discussions about possible side-effects 
of conjugated estrogens and estrogen derivatives, 
either with or without gestagen, there remain very 
few selective diagnostic indications that call for hor-
mone treatment of osteoporosis. Evidence-based 
medicine shows that bisphosphonates, Raloxifen, 
parathormone and strontium ranelate clearly reduce 
the risk of a vertebral fracture. Calcitonin and sub-
stitution of estrogens or hormones show weaker 
evidence of reducing the risk of a vertebral fracture. 
Alendronate, risedronate and strontium ranelate also 
show strengths in reducing the risk of femoral neck 
fractures. Vitamin D and calcium formulas, indi-
vidual or in combination, are available for adjuvant 

therapy, which, in cases of calcium and/or vitamin 
D deficiency, also have the ability to influence the 
risk of a fracture. The preference for a specific drug 
ultimately depends on the patient’s sex and age, his 
or her fracture risk profile, the bone density values, 
and possibly existing contraindications. 

Pathogenic mechanism and 
pharmacological effects

Regardless of etiological factors, all forms of osteo-
porosis result from disorder of bone remodeling; 
that is, the permanent process of renewal of adult 
bone, marked by a linked increase and decrease of 
matrix, is irregular. Permanent osteogenesis is vital, 
as non-dynamic bone loses its biomechanical qual-
ity. Up to one million basic multicellular units (BMU) 
are active at every moment in the adult skeleton. In 
each of those units a process unfolds, starting with 
the osteoclast-induced absorption of bone, followed 
by formation of new osteoblast bone matrix, and 
finally two phases of mineralization of the newly 
synthesized matrix [Parfitt 1979]. These actions are 
controlled at a higher level by hormones and by 
mechanical stimulation and physical stress on the 
bone [Klaushofer 1996]. A number of cytokines and 
other regulatory proteins are locally effective. The 
maturation and activation of osteoclasts is influ-
enced by proinflammatory cytokines and by the 
RANK/RANK ligand/osteoprotegerin system [Hof-
bauer 2004]. Whereas Raloxifen and antiresorptives 
of the bisphosphonate family operate at a cellular 
level on the overactive osteoclast, on the one hand 
leading to apoptosis but on the other hand regulat-
ing the differentiation and precursors of osteoclasts, 
monoclonal RANKL-antibodies are regarded as one 
of the most potent regulation inhibitors of the neo-
genesis of osteoclasts, and also lead to the inhibition 
of exuberant bone resorption [Lacey 1998]. Osteo-
blasts are mainly generated and differentiated by the 

Chapter 2

Drug therapy of osteoporosis
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so-called bone morphogenetic protein (BMP). Phar-
macotherapeutically this is where bone anabolics 
such as fluorides, but also teriparatides, are effec-
tive. The resting bone marrow cell is regarded as the 
key progenitor cell from which the active osteoblast 
develops under the influence of teriparatides. 

Therapeutic goals

The terms prevention and therapy of osteoporosis 
should be differentiated [Marcus 2002]. The preven-
tion of postmenopausal osteoporosis is understood 
as the application of bone-effective drugs in order 
to stop further loss of bone mass, provided that os-
teoporosis, by definition, is not present. The treat-
ment of postmenopausal osteoporosis is understood 
as the application of bone-effective therapeutics in 
order to prevent first or further fractures when, ac-
cording at least to the densitometric criteria, an os-
teoporotic fracture seems likely. The term second-
ary prevention is understood as the application of 
bone-specific substances in patients who already 
suffer from osteoporotic fractures, in order to pre-
vent further fractures. 

Overall there are four treatment goals to be 
achieved, which are listed below in order of clinical 
importance for the patient.

1) The treatment of pain

Modern analgesics particularly and opioides in all 
galenic forms have a quick and, for the patient, 
tangible effect; transcutaneous applications have 
the highest patient compliance, thus enabling rapid 
mobilization. The limiting adverse effects of the past 
have lost importance as a result of the good pros-
pects of controlling the dosage and to modern Ga-
lenism. Currently a widely established analgesic ef-
fect is proven only for (salmon) calcitonin, which 
can be explained by a centrally operating compo-
nent, among others [Lyritis 1999; Yoshimura 2000]. 
The often postulated analgesic effect of bisphospho-
nates is somewhat speculative and has not been 
convincingly proven [Rovetta 2000]. 

2) Reduction of the risk of fracture

Fractures after inadequate or minimal trauma pres-
ent the complication of osteoporosis. Typical loca-
tions of fractures associated with osteoporosis are 
the thoracic and lumbar vertebral bodies, the distal 
radius and the femoral neck. Moreover, every os-
teoporotic fracture increases the risk of another 

fracture five- to seven-fold [Klotzbuecher 2000; 
Khan 2001]. Thus, the main aim of osteoporosis 
treatment is, also in the sense of secondary preven-
tion, to achieve lasting reduction of the fracture risk. 
There is now well documented evidence that some 
substances can halve the risk of vertebral fracture 
within months. Nevertheless, the influence of ex-
traskeletal factors that can lead to reduction of the 
fracture risk independently of pharmacotherapy 
should also be considered [Valtola 2002; Frost 
2001].

3) Increase of bone density

An increase of bone density within osteoprotective 
treatment is usually associated with reduction of the 
fracture risk. The extent to which the fracture risk 
changes in relation to the increase of bone density 
can vary according to the drug used [Wasnich 2000; 
Cummings 2001, 2002; Hochberg 1999; Meunier 
2004]. Drugs that both increase the bone density 
and also lead to distinct reduction of absorption 
markers seem to be effective in reducing non-verte-
bral fractures. 

Nonetheless, bone density changes as the sole 
criterion for the effectiveness of an osteoprotective 
therapy are of limited use in identifying a definitive 
effect on the fracture risk, as they do not indicate 
biomechanical changes or changes of the material 
properties of the osseous tissue. 

4) Influencing biochemical markers of bone
metabolism

Biochemical markers of bone turnover contain 
markers of ossification (e.g. alkaline phosphatase, 
osteocalcin, PICP type I procollagen) as well as of 
osteoclastic activity (cross-links, ICTP, collagen telo-
peptides). The diagnostic value of such markers is 
doubtful: thus far no direct links to bone mineral 
density or fracture risk have been proven [Marcus 
1999; Looker 2000]. However, these markers are 
widely used as a monitoring method to verify the 
effectiveness of a treatment, especially in studies 
with larger populations, [Miller 1999], although un-
fortunately they do not provide evidence on the 
individual therapeutic response. The fact that labo-
ratory assays for bone metabolism markers have not 
yet been standardized should also be taken into ac-
count. In antiresorptive treatments, reduction of re-
sorption markers seems to be associated with in-
crease of bone density and reduction of the fracture 
risk [Meunier 2004]. Drugs with an osteoanabolic 
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effect lead to an increase of both absorption mark-
ers and formation markers, resulting in an increase 
of bone density and reduction of the fracture risk 
[Finkelstein 1994; Neer 2001]. 

Indication for osteoporosis therapy

According to the WHO, the indication for osteopo-
rosis therapy is based on the T-Score, which is de-
termined from the measurement of bone density 
and defines four diagnostic categories: normal, os-
teopenia, osteoporosis, and severe (or manifest) os-
teoporosis. These categories are defined by the de-
viation of the bone mineral density, which is mea-
sured by dual X-ray absorptiometry, from the mean 
normal value of young adults with healthy bones. 
The extent of the deviation (in standard deviation) is 
expressed as the T-Score. Thus postmenopausal 
women may be classified according to these catego-
ries by densitometry with the DEXA method and 
with an accurate fracture history. Each of the four 
categories is linked to a recommendation on how to 
proceed (therapeutically), enabling decisions for fur-
ther management [Kanis 1994]. For example, if a 
patient belongs to the category “osteoporosis”, the 
appropriate treatment should be given, whereas the 
category “normal” is linked to the recommendation 

“no therapy is necessary”. This algorithm helps with 
decisions to a certain extent but fails in cases where, 
in spite of a normal bone mineral density, a fracture 
occurs after minimal trauma. Postmenopausal wom-
en already showing one or more risk factors for an 
osteoporotic fracture in addition to suffering from 
extreme osteopenia are also not taken into account 
[Black 2001]. In the light of recent epidemiological 
findings, it would therefore make sense to adjust the 
original scheme and begin treatment when the con-
ditions showing in Tables 1 and 2 apply [American 
Association of Clinical Endocrinologists 2001].

Treatment options
Basic medication with calcium-vitamin D

Calcium

The adult skeleton contains an average of 1000–
1300 g calcium and loses 250–300 mg every day as 
the result of the transformation activities of bone 
and to excretion [Mundy 1999]. In consequence, 
this amount of dietary calcium is needed every day 
for well balanced calcium homeostasis. As the trans-
intestinal absorption of calcium lies at around 30%, 
accordingly more calcium should be taken. In the 
postmenopause, the daily loss of calcium and the 

Table 1. Indications for a drug therapy for osteoporosis (if a combination of findings listed in the columns 1, 2, and 3 ap-
plies, and after ruling out secondary osteoporosis and differential diagnoses) 

Results Plus additional results Plus DXA T-score

Postmenopausal woman/old man Vertebral fracture (verified by x-ray) < –2

Minimal traumatic peripheral fracture (radius, 
humerus, femoral neck, or tibia) 

< –2.5

Underweight (BMI < 20) 

High risk of falling (2 or more incidents of domestic 
falling within the last 6 months 

Begin of a chronic glucocorticoid therapy 
(> 7.5 mg prednisolone equivalent > 6
months) or fractures with glucocorticoid 
therapy (independent of dose and duration)

< –1.5

Detection of a vertebral fracture < –1.0

Chronic glucocorticoid therapy for more 
than 6 months (> 7.5 mg prednisolone 
equivalent) 

< –2.5

Detection of a vertebral fracture < –1

High risk of a secondary osteoporosis Depending on the 
basic disease

Drug therapy of osteoporosis
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demand for new calcium for the skeleton is greater, 
as the result of the increased process of bone ab-
sorption [Rodriguez-Martinez 2002]. 

The daily calcium requirement for a postmeno-
pausal woman is approximately 1000–1200 mg. 
The daily calcium dose should be based on the 
average supply of calcium with the food, bearing in 
mind that some components of food, e.g. oxalic 
acid (spinach, rhubarb) or phytic acid (bran, whole-
meal products), can lead to non-absorbable calcium 
complexes. There is some evidence that in women 
adequate calcium substitution can reduce both the 
postmenopausal loss of bone density and the risk of 
vertebral fracture [Cummings 1997] [Dawson-
Hughes 1990; Recker 1996; Reid 1995]. In addition, 
it is proven that the effect of adequate calcium sup-
plementation on bone mineral density is most dis-
tinct within the first year of therapy [Mackerras 
1997]. 

The possibility of overdosage with resulting hy-
percalcemia is unlikely, because of the intestinal 
absorption mechanisms for calcium, and can be ex-
pected only when the daily dose is higher than 
2500 mg [The North American Menopause Society 
2001]. The question of developing kidney stones as 
a consequence of calcium intake has not yet been 
clearly answered, but daily doses of up to 1500 mg 
could possibly lead to reduction of the same. 

The combination of calcium with vitamin D

The combination of adequate doses of calcium and 
vitamin D has proven to make sense in both preven-

tion and treatment of postmenopausal osteoporosis. 
The positive effect on the skeleton seems to result 
mainly from the additive effect of calcium and vita-
min D, as well as from reduction of the concentra-
tion of serum parathormone [Dawson-Hughes 
1997], which usually increases with age. In older 
postmenopausal women with vitamin D deficiency, 
combining daily doses of 1200 mg calcium with 
800 I.E. (20 µg) vitamin D appears to reduce the risk 
of femoral-neck and other non-vertebral fractures 
[Chapuy 1992, 1994].

In prospective, randomized, placebo-controlled 
studies with very small numbers of postmenopausal 
women, treatment with active vitamin D (Calcitriol) 
and corresponding correction of the daily calcium 
supply showed significant effect on the bone min-
eral density and the fracture risk [Aloia 1988; Gal-
lagher 1990].

Hormone replacement therapy – 
a fundamental change in evaluation

Recent literature provides much undisputed evi-
dence for the positive effect of hormone replace-
ment therapy (HRT) on bone metabolism and frac-
ture rates. Nevertheless, ongoing discussions about 
the benefits and risks of conjugated estrogens and 
estrogen derivatives, with or without gestagen, for 
the prevention of postmenopausal osteoporosis sug-
gest that such treatments should be used only in 
carefully chosen indications and should be moni-
tored very closely. There are only very few selective 
diagnostic indications that call for HRT.

Table 2. Bone mineral density values and fracture risk

Diagnostic category T score (DEXA) Fracture risk Consequence

Normal BMD > –1.0 Low No intervention 

Osteopenie –1.0 to –2.5 Medium a)  prevention especially with perimenopausal 
women 

b)  state the dynamics of bone loss 
c)  treatment especially of older patients with 

“fragility fracture” 

Osteoporosis < –2.5 High a)  for younger patients: eliminate triggering or 
enhancing factors 

b)  full anti-osteoporotic therapy especially with 
patients < 75a

Manifest osteoporosis < –2.5 Very high a)  eliminate of triggering /enhancing causes 
+ 1-e or several 
“fragile fractures”

b)  full anti-osteoporotic therapy strongly 
indicated

H. Resch and C. Muschitz
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All clinical studies have shown that HRT leads to 
an increase of bone mass, and recent prospective 
data prove beyond question that the incidence of 
vertebral and non-vertebral fractures is reduced 
[Rossouw 2002]. Further advantages of HRT are im-
proved quality of life and reduction of the incidence 
of colon cancer. On the other hand there is heated 
debate about increased cardio- and cerebrovascular 
and venous thromboembolic incidents [Cauley 
2003], though the risks of myocardial infarction and 
breast cancer have been relativized and even re-
vised in meta-analytic studies. The benefits and 
risks of HRT for osteological indications should 
therefore be weighed individually; especially since 
in the last five years large treatment studies have 
revealed other, non-endocrine, treatment options to 
increase bone mass and reduce the risk of fracture. 
It is without doubt that HRT can be used for preven-
tion of osteoporosis in postmenopausal women who 
have a high fracture risk and show an incompatibil-
ity to other drugs approved for the prevention of 
osteoporosis, or for whom those drugs are contrain-
dicated. 

Substances that inhibit bone absorption

Bisphosphonates

Bisphosphonates are analogs of pyrophosphates, 
which were described for the first time in the 1960s. 
Their effect is based on the inhibition of bone ab-
sorption, which is achieved both directly by acting 
on the osteoclasts and indirectly by primarily affect-
ing the osteoblasts. Bisphosphonates are currently 
the gold standard in treatment of osteoporosis. 
Treatment studies on the effects on bone mass and 
risk reduction of vertebral and peripheral fractures 
are considered as therapy directives and every new 
drug has to be compared with the results of these 
large studies before it can take its place among the 
other treatments. Peroral and parenteral drugs (Clo-
dronat, pamidronate, ibandronate, zoledronate) are 
currently approved and registered for treatment of 
postmenopausal osteoporosis as the peroral form 
alendronate and risedronate.

Older women are at high risk of vertebral and 
peripheral fractures and are the group for whom 
oral bisphosphonates are indicated. In numerous 
clinical studies investigating clinical relevance, alen-
dronate and risedronate have shown similar reduc-
tion of the risk of vertebral (35–50%) and non-ver-
tebral (35–50%) fractures [Cranney 2002; Reginster 

2000]. The effects are detectable after only six 
months. Although the oral and increasingly the par-
enteral bisphosphonates are common therapy op-
tions, there still are no standardized guidelines for 
optimum length of treatment. Data show that ten 
years’ alendronate [Bone 2004] and eight years’ 
risedronate therapy [Sorensen 2003] lead to a last-
ing increase in bone density, but as our knowledge 
of bone structure increases, concerns about long-
term suppression of bone restructuring arise. The 
question of whether long-term increase of bone 
mineralization encourages the development of mi-
crofissures remains unanswered [Mashiba 2000]. 
Once-weekly dosages are now available for both 
alendronate (70 mg) and risedronate (35 mg) 
[Schnitzer 2000; Brown 2002], which make daily 
peroral dosages of bisphosphonates a less appealing 
alternative, even though studies with comparable 
fracture data are still missing. Parenteral bisphos-
phonates gain importance in the case of undesirable 
gastrointestinal side effects of oral treatments, or 
where patients have limited compliance and/or dis-
turbed gastrointestinal absorption [Recker 2004], 
they have been recently approved for treatment of 
osteoporosis (e.g. ibandronate, zoledronate) [Rosen 
2001].

Ibandronate is a highly potent aminobisphos-
phonate of the third and latest generation. Ibandro-
nate is extremely well tolerated and, because of its 
particular structure, allows low but highly efficient 
dosing with prolonged intervals. Approval for treat-
ment of osteoporosis is based on the results of a 
fracture study examining oral use, with both con-
tinuous and intermittent regimens. The incidence of 
further vertebral fractures was reduced by 62% 
with the continuous regimen and by 50% with the 
intermittent regimen. The incidence of non-verte-
bral fractures was reduced by 69% in a selected 
high-risk group. In a continuing non-inferiority 
study it was shown that monthly doses of 50 mg/
50 mg on two consecutive days have the same ef-
fects on bone density and bone metabolism as a 
single dose of 100 mg or 150 mg, and are better 
than a daily continuing regimen with 2.5 mg [Reck-
er et al. 2004a]. Parenteral intravenous doses of 
2 mg/2 months and 3 mg/3 months as bolus injec-
tion was also examined in a second non-inferiority 
study [Recker et al. 2004b]. Ibandronate is ap-
proved as Bonviva for treatment of osteoporosis 
and as Bondronat for treatment of skeletal metasta-
sis after breast cancer. 

Drug therapy of osteoporosis
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Selective estrogen-receptor modulators 

Raloxifen is a selective estrogenic receptor modula-
tor (SERM) that has either an estrogen-agonistic or 
an estrogen-antagonistic effect, depending on the 
tissue: it has the former effect on bone and on lipid 
metabolism, and the latter effect on endometrium 
and breast tissue [Mitlak 1999]. The effectiveness of 
the drug in significantly reducing the risk of verte-
bral fracture in postmenopausal women has been 
clearly proven [Ettinger 1999] and is always accom-
panied by an increase of the lumbar bone density 
[Cummings 2002]. Reduction of the risk of femoral-
neck fracture has not yet been demonstrated. In 
addition to the effect on bone tissue, a 76% reduc-
tion of breast cancer risk and a 90% reduction of 
an estrogenic-receptor-positive breast cancer risk 
were shown within the same study population. Fur-
thermore, significant reduction of cardiovascular 
risk was shown in women who already had an in-
creased risk for cardiovascular disease [Barrett-Con-
nor 2002]. However, although there is good gastro-
intestinal compliance, there is a slight risk for venous 
thromboembolic events. 

Calcitonins

A salmon calcitonin spray for intranasal use (Salm-
Calcitonin), salmon calcitonin for sub-cutaneous ad-
ministration (Salm-Calcitonin), and a synthetic eel 
calcitonin derivative are currently available on the 
market. The recommended daily dose for the nasal 
spray is 200 IU, and positive effects on bone den-
sity and risk of vertebral fracture were achieved 
with a continuous daily dosage at this level [Chest-
nut 2000]. Under these conditions, the effect on 
bone density can still be proven after five years of 
use. Reduction of the risk of femoral neck fracture 
has not yet been convincingly proven. 

Tibolone

Tibolone is a synthetic steroid that shows estrogenic, 
progestagenic and, to a certain extent, androgenic 
effects. In some countries, this steroid is also regis-
tered as a drug for the prevention of postmeno-
pausal osteoporosis. The positive effect of tibolone 
on bone is primarily due to stimulation of estrogenic 
receptors [Kloosterboer 2001]. A daily dose of 
1.25 mg or 2.5 mg tibolone appears to increase the 
bone mineral density of the axial skeleton, lower 
arm and femoral neck [Berning 1996; Gallagher 
2001], probably as a result of inhibition of bone 

absorption [Bjarnason 1997]. The question of wheth-
er tibolone can also lower the fracture risk cannot 
be answered at present, as no significant studies are 
available. 

Substances that increase bone formation

Parathormone

With the development and registration of teripara-
tide (rhPTH) [1–34] and rhPTH [1–84], an indisput-
ably effective bone anabolic treatment for advanced 
osteoporosis is available, the first since the introduc-
tion of fluorides. Teriparatide is a recombinant form 
of native parathormone (PTH) and consists of the 
first 34 N-terminal amino-acids [Dobnig 1997]. 

Unlike the historic fluoride therapy, it is now 
possible for the first time not only to change bone 
mineralization but also to influence bone structure 
in a positive way. This mechanism of action clearly 
differs from that of bisphosphonates, which mainly 
reduce bone metabolism and increase the mean 
mineralization of the bone matrix but do not lead to 
an increase of actual bone mass. The primary target 
cell for PTH is the osteoblast, where the hormone 
is bound by type I PTH/PTHRP receptors and trig-
gers several effects by activating a signal transduc-
tion mechanism [Schmidt 1995]. This is followed by 
stimulation of the production of various growth fac-
tors such as IGF-1, IGF-2 and TGF-  [Rubin 2002]. 
One of the first cellular effects, which can be found 
after only a few days of intermittent PTH use, is the 
transformation of resting bone parietal cells into ac-
tive osteoblasts [Dobnig 1995]. The drug is applied 
subcutaneously by means of injection pens. Ac-
cording to the available data, duration of treatment 
is limited to 18 months and must be followed by an 
antiresorptive therapy if the newly gained bone 
mass is to be preserved. At the end of the largest 
treatment study to date [Neer 2001], the bone den-
sity of the spine had increased by 9.7% (compared 
with 1.1% in the placebo group) and of the femoral 
neck by 2.8% (compared with –0.7% in the placebo 
group). The rate of new vertebral fractures was re-
duced by 65%, the rate of multiple vertebral frac-
tures by 73%. The number of non-vertebral frac-
tures was too small to allow any conclusions about 
the effectiveness of the drug on the various fracture 
locations. 

Combination therapies

The effects of a combination of antiresorptive drugs 
have been examined in only a few prospective ran-
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domized studies. Combined or consecutive admin-
istration of antiresorptive and anabolic drugs has 
not yet been examined in any adequate studies. No 
data are available on a possible influence on the 
fracture risk. 

Parathormone and antiresorptives

For a long time the prevailing opinion was that in-
hibition of bone absorption with simultaneous stim-
ulation of bone formation should have a better ef-
fect than the respective mono-therapies. Two recent 
publications, however, do not verify this hypothesis. 
The use of PTH on its own produced a greater in-
crease in lumbar bone density than monotherapy 
with alendronate or a combination of the two drugs 
[Schmidt 1995; Rubin 2002]. If absorption-inhibiting 
drugs are given after PTH treatment, preservation 
and even further increase of bone density can be 
shown, whereas the gain in bone density is slowly 
lost if anti-absorptive treatment is not given [Finkel-
stein 2003; Black 2003].

Fluorides

The effect of fluorides on bone is mediated through 
stimulation of osteoblast differentiation and prolif-
eration [Farley 1983]. In particular, the trabecular 
bones not only react with an increase of bone den-
sity in dependence on the dose [Riggs 1990, 1994; 
Pak 1995] but also show dysmorphic changes of the 
micro-architecture, which can be verified radiologi-
cally and histologically [Fratzl 1994; Kleerekoper 
1996]. Whether this seemingly inconsistent effect isWhether this seemingly inconsistent effect ishis seemingly inconsistent effect isis 
due to the dose, the type of fluoride used, or toor to 
Galenism, or a combination of these factors, cannot 
yet be answered with any certainty [Haguenauer 
2000]. Nevertheless, the optimum therapeutic range 
is probably 20–30 mg of available fluorides daily. A 
concluding judgement on the effect of sodium fluo-
ride on fracture risk is not yet possible. The weight 
of undisputed data on other therapeutic agents and 
their beneficial effect on bone density and reduc-
tion of fracture risk means that, at present, fluoride 
treatment has lost its importance. 

Substances with a synchronous effect on bone 
formation and absorption

Strontium ranelate (SR) is the first substance that si-
multaneously increases bone regeneration and de-
creases bone absorption, leading to positive physi-
ological balance of bone metabolism and distinctly 
better bone quality. 

In vitro, SR increases the replication of pre-osteo-
blastic cells, leading to an increase in genesis of 
collagen and in synthesis of bone matrix proteins 
[Boivin 1996]. At the same time, inhibition of osteo-
clast differentiation and a direct inhibiting effect on 
these cells lead to reduction of bone absorption. In 
clinical studies in postmenopausal women [Meunier 
2002, 2004], SR lowered the relative risk of vertebral 
fracture (44% yearly) in addition to increasing the 
bone density (7.3%). In the TROPOS study [Regin-
ster, 2004] of more than 5000 women, SR achieved 
significant reduction (16%) in the relative risk for one 
or more non-vertebral fractures (p < 0.05), com-
pared with the placebo. In addition, there was a 
41% reduction of fracture risk of the hip joint 
(p < 0.025) within the first 18 months of the study. 
The increase in bone density of the femoral neck 
was significantly greater in the SR group and showed 
a relative change of 6.54% in comparison with the 
placebo group (p < 0.001). The serum level of bone-
specific alkaline phosphatase (BALP) also increased 
in the SR group, whereas NTx in the urine decreased. 
This provides further confirmation of the broad ef-
fect of SR. Furthermore, this drug has proven to be 
very well tolerated; the daily dose is 2 g and treat-
ment should continue for three years. At present 
there are no known significant side effects. 

Substances with a biological effect 

The RANKL antibody – new approaches in the
treatment of osteoporosis

The discovery of the receptor-activator of the nucle-
ar factor- B ligand (RANKL) from the TNF super-
family has led to a better understanding of the cell 
biology of osteoclasts. RANKL leads to activation of 
RANK, which is also found on the osteoclast cell in 
its preliminary stages. This mechanism encourages 
not only the formation and activation of osteoclasts 
but also their survival by suppressing apoptosis [Hsu 
1999]. RANKL itself is in turn expressed by osteo-
blasts in order to maintain osteoporotic homeosta-
sis. The secretory glycoprotein osteoprotegerin 
(OPG) is the natural antagonist of RANKL and its 
activity is also controlled by cytokines and hor-
mones [Simonet 1997]. Disturbances of this balance 
inevitably lead to the development of bone diseases 
as a result of increased bone absorption. 

Monoclonal antibody Denosumab offers a new 
approach in the treatment of osteoporosis and other 
diseases accompanied by increased bone absorp-
tion; for example, multiple myeloma or bone metas-
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tasis in breast and prostate cancers. Experiments 
with inactivated RANKL in mice demonstrated arti-
ficially induced osteoporosis resulting from the 
maintained function of osteoblasts, which in turn 
resulted from the non-activation of osteoclasts [Kong 
1999]. AMG 162 antibody binds to RANKL and thus 
blocks the fusion and activation of RANK. 

The first dose-determining study in postmeno-
pausal women was published in early 2004 and 
demonstrated a placebo-controlled and, depending 
on the dose, rapid reaction (within 12 hours), as 
well as sustaining a constant reduction (up to six 
months) in serum and urine bone-specific markers 
(NTx) after a single subcutaneous injection [Bekker 
2004]. The bone-formation marker BALP, the intact 
PTH and the serum-calcium level did not change 
during the treatment, apart from initial variation. 
This can be seen as a demonstration of the antire-
sorptive potency of Denosumab. The injection was 
tolerated well by all the patients; not one showed 
significant changes in serum chemistry or in T or B 
lymphocytes. Nine months after the injection the 
antibodies could no longer be traced chemically. 

Following the above study, the first double-blind, 
placebo-controlled phase III study with approxi-
mately 7000 untreated women with manifest osteo-
porosis was carried out in late 2004. 

Osteoporosis in men
Prevention and therapy 

The principles for prevention of fractures are similar 
for both men and women; it is essential to minimize 
the risk factors. Attention should be paid to smoking 
habits, insufficient intake of calcium and/or vitamin 
D, excessive consumption of alcohol and insuffi-
cient exercise. Current guidelines recommend 
1200 mg calcium and 400–600 IU vitamin D daily 
after the age of 50 [Dawson-Hughes 1997].

Few studies have dealt specifically with the treat-
ment of men suffering from osteoporosis. In the first 
major study testing a bisphosphonate over a period 
of two years in men suffering from osteoporosis, 
alendronate achieved significant increase of bone 
density in both the lumbar and hip areas irrespec-
tive of testosterone and estradiol levels in the serum. 
In addition, there was a decrease of vertebral frac-
tures during the study period [Kurland 2000]. 

It was also observed in men suffering from os-
teoporosis caused by glucocorticoids that both alen-
dronate and risedronate showed positive effects on 

bone density and reduced the incidence of verte-
bral fractures. 

PTH treatment, which has already shown excel-
lent increases of bone density and reduction of the 
fracture incidence in postmenopausal women with 
osteoporosis, also seems to have huge potential in 
osteoporosis treatment in men [Orwoll 2000].
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Clinical diagnosis of spinal fracture

In general, a fracture is clinically diagnosed by lo-
calizing the pain; however, this simple clinical fea-
ture is not reliable in the case of osteoporotic frac-
tures of the spine, where up to 20% are incidental 
radiological findings, without the patient conscious-
ly experiencing pain [Cooper 1992]. Delayed diag-
nosis is a further problem. Osteoporotic fractures 
generally occur spontaneously without a traumatic 
incident and also partly respond well to analgesics, 
therefore the radiological diagnosis, if the fracture is 
diagnosed at all, is often delayed. In addition, many 
patients never go to a doctor but are treated by 
physiotherapists or masseurs [Ross 1991]. In con-
trast, patients with advanced collapse of a vertebral 
body and a resulting deformity have a higher level 
of pain and thus are diagnosed sooner and treated 
earlier than patients with simpler fractures [Watts 
1991]. 

Two groups of patients can be distinguished re-
garding the course. The first group presents the 
cases described above, showing a distinctive verte-
bral collapse accompanied by immediate persisting 
pain that improves gradually within the following 
weeks and months. The second group of patients 
presents only light fractures accompanied by mild 
pain. However, this group often develops recurrent 
pain, which can last up to 18 months. Furthermore, 
this group is characterized by progressive collapse 
of one or several vertebrae [Lyritis 1989] and by 
progressive loss of the physiological posture [Ryan 
1994]. Several fractures can occur in the same ver-
tebra in this period. This inhomogeneity of symp-
toms generally leads to delayed diagnosis, so that 
patients with vertebral fractures are often not treat-
ed until four weeks after the onset of pain [Cooper 

1992]. With our own patients also, we have ob-
served periods of 4–6 weeks between the pain 
event and the presentation at our hospital [Becker 
2004]. There are many clinical effects of the two 
courses, which vary from slightly deformed com-
pression fractures and “pseudoarthroses” with per-
sisting instability [McKiernan 2003] (see also chap-
ter on osteonecrosis) to multiple fractures with loss 
of posture [Heini 2004] and fractures with consecu-
tive neurocompression (Fig. 1).

Neurological failures as a consequence of pure 
osteoporotic sintering fractures are rare, but can oc-
cur [Leech 1990; Heggeness 1993; Korovessis 1994]. 
Particular cases of complete paralysis are also de-
scribed [O’Connor 2002]. 

The pain is often typically located in the area of 
the fractured vertebra, without any radicular symp-
toms [Silverman 1992]. The important clinical symp-
toms become obvious during palpation and percus-
sion, as clinical examination of a fresh osteoporotic 
fracture is always painful. In our experience, thora-
columbar fractures are not only locally painful but 
the pain also extends to the lumbosacral transition 
area. In general, an operation is not indicated if 
there is no local pain. As is well known, spinal pain 
can have multiple causes, therefore locally induced 
pain caused by palpation and percussion is the only 
reliable clinical sign for an acute osteoporotic frac-
ture of the spine. 

The duration of pain varies according to the 
groups mentioned above; there are reports of pain 
lasting up to six months [Ringe 1987] and within our 
own cases we see patients who still have pain in the 
fracture area up to 12 months later. However, after 
such a long time, multiple fractures or delayed frac-
ture cure, e.g. after taking cortisone, should always 
be considered.

Chapter 3

Clinical aspects and mortality risk of the osteoporotic spine 
fracture

S. Becker and M. Ogon



18

The course of the pain is variously described in 
the literature, but all authors agree that within the 
first two weeks after fracture there is no distinct 
change of pain and no change in consumption of 
analgesics [Gennari 1991; Lyritis 1990; Montagnini 
1989]. Under conservative treatment, significant re-
duction of pain could not be observed until the 
third week after osteoporotic fracture; pain reduc-
tion of 40% was described after 30 days [Gennari 
1991]. 

The clinical consequences of a spinal 
fracture 

The biomechanical changes after a vertebral frac-
ture and kyphosis are described in Chapter 4. Clini-
cal consequences after a kyphotic deformity lie in a 
higher risk of recurrent spinal fracture and of sec-
ondary fractures in another part of the skeleton.

The risk of recurrent vertebral fracture is on a 
different aspect. Primarily the risk of subsequent 
fractures increases with the number of prevalent 
fractures, ie the more primary vertebral fractures 
occur, the higher is the risk of a secondary vertebral 
fracture. The risk increases from 3.2 (relative frac-
ture risk compared with the healthy population) af-
ter the first vertebral fracture to 23.3 after the third 
[Lunt 2003]. Furthermore the risk depends on the 
type of fracture: an anterior or mid-vertebral frac-

ture has a higher fracture risk (5.9, relative fracture 
risk compared with the healthy population), where-
as a pure posterior fracture has a lower risk of 1.6. 
The localization of the prevalent fracture also plays 
a role: the presence of a vertebral deformity at base-
line increases the risk of an incident fracture six-fold 
compared with absence of deformity at baseline, 
but the risk varies with the distance from the base-
line deformity. For example, if the subsequent frac-
ture lies within three vertebral bodies on either side 
of prevalent fracture, the relative fracture risk is 7.7, 
compared with a lower risk of 4.0 if the subsequent 
fracture is more than three healthy vertebral bodies 
distant from the primary fracture.

These findings from the European Prospective 
Study on Osteoporosis (EPOS, Lunt 2003) give a 
clear indication of the necessity of preventing or 
treating a kyphotic deformity in order to lower the 
subsequent fracture rate.

The changed posture due to the kyphosis results 
in a distinctly uncertain gait and increases the risk 
of falls [Lynn 1997; Skelton 2001]. As a result, in 
their further history approximately one third of the 
patients will suffer from one or several peripheral 
fractures in addition to the spine fracture. Most in-
cidents involve the wrist, then the humerus head; 
these are followed by fractures of the femur neck 
and tibia [Vega 1990]. Specific postoperative bal-
ance training is therefore essential for these patients, 
and because of the importance of this topic, we 

Fig. 1. Spectrum of the spinal problems related to osteoporosis [Radiographs by P. F. Heini, Bern]. a Plain vertebral fracture 
with persisting pain lasting 2 months. b Pseudoarthosis of Th 11-6 months after a fracture. The instability causes pain when 
changing position. c Multiple vertebral fractures within the thoracic spine with a consecutive disturbance of equilibrium and 
severe hyperlordosis of the cervical spine. d Th 7 fracture with spinal stenosis and myelon compression; the patient shows 
signs of gait ataxia 

S. Becker and M. Ogon
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have dedicated a whole chapter to this treatment 
(see Chapter 12).

The lung is another organ system which imme-
diately causes increased mortality after fractures of 
the spine. Kyphosis significantly reduces the vital 
capacity (VC) and the forced expired volume (FEV) 
[Culham 1994; Di Bari 2004; Schlaich 1998]. Up to 
10% reduction of the VC was detected in patients 
with an osteoporotic spine fracture [Leech 1990; 
Schlaich 1998]. Reduction of the VC in particular 
indicates a restrictive lung disease [Schlaich 1998]. 
Mass screening of patients with chronic obstructive 
pulmonary disease (COPD) detected a significantly 
high frequency of osteoporotic fractures of the spine 
[Papaioannou 2003]. A corresponding reduction of 
pulmonary function could also be diagnosed in pa-
tients with other restrictive lung diseases caused by 
kyphotic deformity (ankylosing spondylitis, severe 

kypho-scoliosis etc.) [Kafer 1977; Kroker 1991; Leech 
1985]. We know from scoliosis surgery that pulmo-
nary function increases with the straightening of the 
thorax [Kovac 2001]; this also applies to osteopo-
rotic kyphosis. 

Apart from the physical changes, the psyche of 
the patient is also affected. The changes in physical 
appearance and posture lead to social isolation and 
loss of self-esteem, loss of independence and loss of 
drive [Linnel 1991], and in the end to a loss of qual-
ity of life [Cook 1993; Silverman 1992].

Mortality after fractures of the spine 
(Table 3)

The mortality rate after vertebral fractures is in-
creased as the consequence of accompanying dis-
eases, especially pulmonary changes as described 

Table 3. A Survival rate after osteoporotic vertebral fractures. B Survival rate after femur neck fractures. C Survival rate 
after wrist fracture. According to Cooper et al. (1992)

A B

C

Clinical aspects and mortality risk of the osteoporotic spine fracture
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above. Many studies describe increased mortality 
after spinal fractures [Hasserius 2003; Chesnut 1997; 
Lyles 1993; Gold 1996; Ismail 1998], and in the five 
years after a fracture the increase may be up to 23% 
(15–37%) [Browner 1991; Cooper 1993; Kado 1999]. 
Increased mortality from lung diseases and lung 
cancer has also been observed after osteoporotic 
fractures. 

As a result of the kyphosis and accompanying 
restriction of pulmonary function, patients suffer 
from lung diseases more frequently after an osteo-
porotic vertebral fracture and have a mortality risk 
2.1 times higher than in healthy people [Kado 1999]. 
Here the severity of the kyphosis is the crucial point: 
advanced kyphoses show significant increase of the 
mortality risk (2.6 times higher than in healthy peo-
ple [Kado 1999]).

The increased occurrence of lung cancer (1.4-
fold increased risk) [Cooper 1993; Kado 1999] can 
be regarded only as a secondary phenomenon of a 
paraneoplastic osteoporosis; it seems that these pa-
tients already suffer from osteoporosis and an ac-
companying vertebral fracture before the lung can-
cer is clinically manifested.

A recent study on the relationship of mortality 
rate to deformity [Pongchaiyakul 2005] clearly 
showed a 2.7 times higher mortality rate in patients 
after vertebral fracture, with the overall highest rate 
in patients with the lowest bone density and/or ky-
photic deformity resulting from a vertebral frac-
ture. 

Thus the mortality rate after a spinal fracture is 
comparable to the mortality rate after a fracture of 
the femur neck, except that in the latter case the 
rate is higher in the first six months, whereas the 
mortality rate after spinal fractures increases in a 
somewhat linear manner [Cooper 1993]. However, 
related studies have not taken into account that after 
a spinal fracture patients have an increased risk of 
falls because of their changed posture and gait, so 
the mortality risk is surely higher because of the 
combination of various injuries.
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Biomechanics of cement injection in 
vertebroplasty

G. Baroud and A. Schleyer

Summary

Vertebroplasty is being increasingly used for con-
solidation of osteoporotic vertebrae or other patho-
logical findings; for example, in bone cancer. In this 
chapter we present a combination of theoretical 
considerations and in vivo and ex vivo studies on 
cement injection. The unexpected results reflect the 
fact that approximately 95% of the overall injection 
pressure is necessary for cement delivery through 
the cannula, and only approximately 5% for the 
dispersion of cement in the spongiosa. One of our 
most important findings is that the process of ce-
ment injection makes conflicting demands on bone 
cements, which are required to be more viscous 
and less viscous at the same time. A low viscosity 

eases cement delivery through the injection can-
nula, whereas a high viscosity reduces the risk of 
cement leakage out of the vertebra. The challenge 
therefore is to develop biomaterials, techniques and/
or devices that can overcome or manage the con-
flicting demands concerning cement viscosity.

Introduction

Vertebroplasty is a relatively new technique for the 
treatment of vertebral fractures originating in osteo-
porosis or resulting from other pathological findings 
[Cotton et al. 1996; Deramond et al. 1998; Heini et 
al. 2000; Jensen et al. 1997; Mathis et al. 2001]. In 
this procedure, bone cement is injected under pres-
sure through a cannula into the porous structure of 
the cancellous bone. The bone marrow is thereby 
displaced out of the cavities of the vertebra (Fig. 2). 
The in situ curing of the cement in these cavities 
strengthens the weakened vertebra [Heini et al. 
2000, 2001; Jensen et al. 1997; Krause et al. 1982; 

Chapter 4

Biomechanics

Fig. 2. Pictures of a three-dimensional reconstruction of trabeculae of the spongiosa of healthy (A) and osteoporotic bone 
(B). The bone is depicted in turquoise, the bone marrow in violet
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Mathis et al. 2001; San Millan Ruiz et al. 1999; Wil-
son et al. 2000].

Until now it has not been possible to develop 
uniform standards for the cement-injection proce-
dure. Furthermore, there are no clear guidelines 
from which to choose the parameters necessary for 
ensuring reproducible and safe injection with a pre-
dictable outcome. Because of this situation, the out-
come of cement injection is often unpredictable.

In the following, we present various studies that 
have contributed to a clearer understanding and 
therefore to potential enhancements of the injection 
process.

Initially, we analyzed the process of the injection 
pressure and injection volume for successful in vivo
cement injection, an insufficient cement injection 
(aborted injection because of too high an injection 
pressure) and a risky in vivo injection (aborted be-
cause of potential cement leakage out of the verte-
bra). Because the injection pressure seemed to play 
an important role in the outcome of an injection, it 
was further analyzed in a theoretical study. The in-
jection pressure was divided into an extravertebral 
component (delivery of cement through the cannula) 
and an intravertebral component (spreading of ce-
ment throughout the vertebral cavities). Following 
the theoretical analysis, the different pressure com-
ponents were measured and evaluated in an ex vivo 
experiment. We discovered that the major part of the 
injection pressure is needed for cement delivery.

In addition to examining the injection pressure, 
we addressed the risk of cement leakage. Specifi-
cally, the role of cement rheological properties in 
cement leakage was examined in both a theoretical 
and experimental manner.

In the last section of this chapter, we present a 
newly developed injection cannula, which is ex-
pected to significantly reduce the injection pressure. 
In an additional study, the injection pressures neces-
sary for the new cannula were compared with those 
for a conventional cannula. For this, ex vivo experi-
ments were performed under simulated clinical 
conditions. 

In vivo measurements of injection pressure/
volume versus time for three representative 
cases of vertebroplasty

In this section, the in vivo injection data (pressure-
versus-time and volume-versus-time) for the three 
possible outcomes (successful, insufficient, unsafe 
injection) are described. Details on technique and 

guidelines for patient selection are described in Hei-
ni et al. [2001]. 

The biomaterial used in all three cases presented 
here was a low-viscosity acrylic cement (Palacos 
E-flow, Essex Chemie, Lucerne, Switzerland). Ten 
milliliters of cement was divided into two 5-cc stan-
dard syringes and then injected through a biopsy 
cannula (8 G, Somatex, Berlin, Germany). After the 
liquid was added to the powder, there was a waiting 
period (elapsed time) of approximately 2 minutes, 
during which time the cement attained the appro-
priate consistency for safe injection. After this 
elapsed time, the cement had a handling time of 
about 3 minutes, during which the procedure had 
to be completed. The injection data described be-
low (for successful, for insufficient and for risky de-
livery) are three cases chosen to represent in vivo
pressure-injection data. 

A custom-made sterilizable injection device 
(Fig. 3) instrumented with force and displacement 
transducers was used to monitor the injection data 
and was calibrated using a universal material testing 
machine (Mini Bionix 856, MTS, Eden Prairie, Min-
nesota, USA). A 5-cc syringe was filled with cement 
and placed in the device. The pressure-versus-time 
and injection volume-versus-time curves of the in-
jection were collected using a Palm Pilot. 

Fig. 3. Device for measuring injection pressure and injec-
tion volume. The device consists of a delivery tool, in which 
you can insert a 5-cc syringe, and a Palm Pilot

G. Baroud and A. Schleyer
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On the basis of the cement expansion and the 
resistance encountered during the first 20 seconds 
of the injection, the clinician is often able to predict 
whether or not the injection will be successful. The 
injection in this case was considered to be success-
ful because the injection forces required were mod-
erate and the cement expansion (infiltration) was 
uniform. 

An injection pressure and volume-versus-time 
graph is shown in Fig. 4. In this case, two syringes 
were injected consecutively, with a time delay when 
the first syringe was replaced by the second. The 
first syringe was injected over a longer time period 
than the second syringe because the cement was 
initially too liquid and thus had to be delivered cau-
tiously. A total of approximately 8.4 cc was injected 
in strokes of approximately 0.4–1.0 cc. The pressure 
in response to these strokes varied substantially be-
cause of the ongoing cement polymerization. The 
maximum pressure of the first syringe was approxi-
mately 0.5 MPa, for the second one it increased to 
about 1.7 MPa.

By tactile and visual feedback, the clinician is 
often able to predict the outcome of the treatment 
within the first 20 seconds of an injection. The in-
jection is considered successful when the required 
pressures are moderate and the cement filling in the 
spongiosa is uniform. An injection is considered 
insufficient when it is aborted at an early stage be-
cause of too high an injection pressure. The injec-
tion process in an unsafe injection is aborted at an 
early stage because the cement leaks; for example, 

through blood vessels and out of the vertebra, thus 
endangering the life of the patient.

For the purpose of clarity, only the pressure and 
volume progression of the successful injection are 
shown in Fig. 4. Afterwards, they are compared 
with the results of the insufficient and the unsafe 
injection. Further results are published in Baroud et 
al. [2004].

The pressure and volume progression of the in-
sufficient injection showed that, despite a clearly 
lower injection rate, the injection pressure increased 
over 2 MPa and therefore the injection had to be 
aborted. In the case of an unsafe injection, the pro-
gression curves were similar to those of the success-
ful injection, therefore presumably factors other 
than pressure are responsible for cement leakage 
out of the vertebra.

In summary, it can be concluded that in most 
cases the injection pressure plays an important role 
in the outcome of vertebroplasty.

Analysis of injection pressures during 
vertebroplasty

For a clearer understanding of the pressure mecha-
nisms in vertebroplasty, we divided the overall pres-
sure, which is in equilibration with the injection 
pressure, into two components: (1) the overall extra-
vertebral injection pressure, which is necessary to 
overcome the friction between the cement and the 
cannula wall while delivering cement, and (2) the 
intravertebral pressure. Equation (I) represents the 

Fig. 4. Injection pressure and injection volume versus time for successful injection
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pressure required for the infiltration of cement into 
the cavities of the spongiosa and for the displace-
ment of bone marrow:

Pinj = Pextra + Pintra  (I)

where Pinj = injection pressure, Pextra = extravertebral 
pressure, and Pintra = intravertebral pressure. The 
intravertebral pressure can be further subdivided 
into (a) the pressure required to infiltrate the tra-
becular cavities with cement, and (b) the shell pres-
sure as hydrostatic resistance caused by the dis-
placement of the bone marrow out of the vertebra 
into the adjacent structure. The hydrostatic resis-
tance strongly depends on the trabecular structure 
and on the porosity of the vertebral shell. The re-
vised mathematical representation is as follows:

Pinj = Pextra + Pinf + Pkomp  (II)

where Pinf = infiltration pressure and Pkomp = shell 
pressure. To analyze the different components of 
the injection pressure, we built a theoretical model. 
The compacta pressure is neglected in this model 
because it is very complex and there is no way to 
describe it mathematically. By means of this model, 
we were able to point out the relationship between 
the extravertebral pressure and the infiltration pres-
sure, as well as the significance of the physical 
properties of the cement and the other injection 
parameters for the injection pressure.

The approach for this model was the equilibrium 
of the injection force, based on Pinj, and the forces 
evoked by the infiltration pressure Pinf and the extra-
vertebral pressure Pextra [Baroud et al. 2003]. To de-
scribe the infiltration pressure, we used the Law of 
Darcy (infiltration of a fluid into a porous medium), 
and for the extravertebral pressure, the Law of Ha-
gen-Poisseuille (flow of a Newtonian fluid through 
a cylindrical tube):

F (Pinj) = F (Pextra) + F (Pinf)

Pinj r2
s = Pinf r2

k + l
0
 2 rkµ dl  (III)

where rs = radius of the syringe, rk = radius of the 
cannula, = shear rate, µ = cement viscosity, and l
= length of the cannula. Because the cement infil-
trates the spongiosa uniformly in a successful filling, 
Darcy’s Law can be integrated in spherical coordi-
nates. Assuming that cement flow in the cannula is 
laminar, the Law of Hagen-Poiseuille can be inte-
grated over the length of the cannula. Accordingly, 
we can write Eq. (III) for the injection pressure in the 
following way:

                   Summand 1                  Summand 2
Q   1 1 8QPinj = µ 4 · rk

– r + µ r4
k

l      (IV)

where µ = cement viscosity, Q = flow rate,  = bone 
permeability, and r = radius of the spreading cement 
cloud. The first term displays the infiltration pressure 
Pinf, the second term displays the extravertebral pres-
sure Pextra. Equation IV shows that the injection pres-
sure depends on a combination of geometrical (e.g., 
length and radius of a cannula) and physical (e.g., 
viscosity and flow rate) parameters. 

Using values taken from the References [Baroud 
et al. 2003a, 2004a, b; Krause et al. 1982; Nau-
mann et al. 1999] for µ, Q and , as well as the 
geometrical dimensions of an 8-gauge cannula (l = 
200 mm, r k = 2 mm) in Eq. IV, a very interesting 
and surprising result emerges: the infiltration pres-
sure of an injection contributes 0% at the beginning 
and only 5.6% at the end to the overall pressure. 
Consequently, the extravertebral pressure, which is 
necessary to overcome the friction in the cannula, 
has to be considered as the limiting factor for ce-
ment injection in vertebroplasty, because it is ap-
proximately 95% of the required injection pressure. 
It is therefore clear that cement delivery through a 
cannula represents the bottleneck of the cement 
injection.

Experimental determination of the different 
pressure components during a cement 
injection

Using the results of the theoretical consideration of 
the injection forces, we measured the injection 
pressure and intravertebral pressure on the lateral 
shell of the vertebra during an injection process in 
an ex vivo experiment with cadaveric vertebrae. 
Our assumption, derived from the theoretical mod-
el, was that the injection pressure would be much 
higher than the intravertebral pressure.

For the experiments, 15 lumbar vertebrae were 
harvested from three osteoporotic spines. The bone 
mineral density ranged from 0.136 to 0.620 g/cm2.
The injection cannula with the connected syringe 
was placed in the vertebra so that it entered the 
right vertebral pedicle, and its end was placed as 
accurately as possible one third of the overall width 
from the right lateral side and one third of the over-
all length from the frontal side. To measure the in-
travertebral pressure at the left lateral shell, a pres-
sure sensor was connected to a vent in the com-
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pacta of the vertebral body. The overall test arrange-
ment was installed in a servohydraulic-engine test 
bench, where the integrated load cell measured the 
injection forces. The schematic test arrangement is 
shown in Fig. 5. Instead of cement, silicon oil with 
a comparable viscosity (100 Pa·s) was used, giving 
reproducible results because of the constant viscos-
ity. More exact information about test preparation 
and test arrangements can be found in Baroud et al. 
[2005]. 

Injection of the silicon oil was carried out under 
controlled kinematic conditions. The pressure ac-
quired by the load cell that was needed to inject the 
silicon oil corresponds to the pressure that a physi-
cian has to apply manually to a syringe during a 
vertebroplasty procedure. The intravertebral pres-
sure produced from the cement dispersion in the 
vertebral body on the lateral shell was acquired 
with the pressure transducer.

After initiation of the injection process, the injec-
tion pressure quickly reached a relatively constant 
level of (344 ± 62) kPa and did not change signifi-
cantly during the remainder of the injection process. 
In contrast to the injection pressure, the intraverte-

bral pressure on the cortical shell increased signifi-
cantly, though the increase was very slight, with 
maximal values of (3.54 ± 2.92) kPa. The hypothesis 
proposed at the beginning of this study was af-
firmed very clearly, because the measured injection 
pressure was approximately 97 times higher than 
the intravertebral pressure. 

For a further control, silicon oil was injected into 
the air, and at the same time, the injection pressure 
was measured under the same conditions as for the 
ex vivo vertebral body experiments. Comparison of 
the pressures in both test sequences resulted in non-
significant differences. This affirms the accuracy/va-
lidity of the assumption made at the beginning of 
the study.

The conclusions drawn from this study are pre-
sented in the following. The experiment clearly con-
firms that the largest amount of the injection pres-
sure is required for cement delivery through the 
cannula; the intravertebral pressure seems to be 
minimal. The problem of insufficient filling of a ver-
tebral body resulting from an injection pressure that 
is too high is not associated with an increase of the 
intravertebral pressure and is therefore only explain-
able by a change in the required extravertebral pres-
sure, which has to be regarded as the key factor of 
the injection process. Methods such as the opening 
of the shell for release of pressure or making a cav-
ity in the spongiosa do not contribute significantly 
to reduction in the risk of insufficient filling. 

One implication of the findings of our study is 
that because the shell pressure contributes very little 
to the overall injection pressure, the shell pressure 
cannot be important for insufficient cement deliv-
ery. However, shell pressure appears to be a signifi-
cant component of intravertebral pressure, and 
therefore it is hypothesized that it may be important 
in how the cement spreads in the vertebral body. 

Analysis of risk of cement extravasation out 
of the vertebral body

In earlier experiments [Baroud et al. 2005; Heini et 
al. 2000; Jensen et al. 1997; Mathis et al. 2001] it 
became clear that cement leakage out of the verte-
bral body (for example, through blood vessels or a 
fracture line) is a frequently occurring and serious 
problem in vertebroplasty, and can culminate in 
nerve damage, pulmonary embolism or even the 
death of the patient. In this paragraph we consider 
the influence of various factors on extravasation risk 
at theoretical and experimental levels.

Fig. 5. Schematic representation of the experimental setup 
for measuring intra- and extravertebral pressure

Biomechanics of cement injection in vertebroplasty
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Because the cement generally chooses the path 
of least resistance, an “extravasation factor“ was 
analytically calculated in the theoretical model. This 
factor describes the relation of the pressure neces-
sary for uniform dispersion of the cement and the 
pressure required for injecting the cement into the 
leakage path [Bohner et al. 2003]. In addition to the 
geometrical factors, such as the diameter of the 
extravasation path or the porosity, which cannot be 
influenced by the physician and are not further ex-
plained here for this reason, the relation of cement 
viscosity µc to the viscosity of bone marrow µb plays 
an important role. From qualitative calculations, we 
conclude that a low ratio µc/µb significantly increas-
es the risk of extravasation, whereas increasing the 
ratio diminishes the risk. For a physician, this means 
using cement that is as highly viscous as possible. 
On examining the dependence of cement viscosity 
on time after mixing the powder with the monomer 
(µc increases with time) [Baroud et al. 2004a], it is 
possible to increase the cement viscosity while post-
poning the injection to a later point in time. Be-
cause of the shear-thinning properties of the ce-
ment, it would also be advantageous if one could 
inject the cement at a low flow rate, which means 
with a low injection pressure.

Although cement with higher viscosity would re-
duce the risk of extravasation, there are certain con-
straints; for example, the trabeculae could break 
under the too high charge during the injection pro-
cess, or the delivery system could fail because of 
the high forces (failing of the syringe), so that there 
is no longer an optimal connection between bone 
and cement.

In experiments with a leakage model, we have 
shown that a higher ratio of cement viscosity to 
bone marrow viscosity and a delayed injection point 

reduce the risk of cement leakage. The leakage 
model consisted of a porous ceramic filter or alu-
minium foam with porosity similar to that of the 
spongiosa. The leakage path was simulated by a 
cylindrical drilling in the test specimen. With the aid 
of a materials-testing machine, cement was injected 
through a cannula into the probe. The behavior of 
dispersion at different moments of the injection af-
ter mixing the ingredients became apparent after 
the injection by means of x-ray images (Fig. 6) of the 
models and affirmed the theoretical perceptions.

The following problems arose from the results for 
the injection process. The time scope in which the 
polymerization process allows an injection is rela-
tively small when injecting cement with a high vis-
cosity. This requires a high flow rate to fill the ver-
tebral body sufficiently and with this, a high injec-
tion pressure (Eq. IV). In addition, the injection pres-
sure increases because of the increased cement 
viscosity. If the injection exceeds the forces a hu-
man being can apply, the injection will have to be 
aborted prematurely. Furthermore, the preferred 
goal is to have low injection pressures to reduce the 
extravasation risk as a result of the shear-thinning 
properties of the cement. The requirements of the 
injection process for uniform infiltration (high ce-
ment viscosity, low pressure) and for sufficient filling 
of the vertebral bodies are thus exactly contrary.

Development of a new injection cannula

On the basis of the results of the preceding studies 
(the extravertebral pressure represents 95% of the 
overall injection pressure and is the key factor in the 
injection process; high viscosity and low pressure 
are necessary for a uniform dispersion of cement in 
the spongiosa; low viscosity and high pressure are 

Fig. 6. X-ray pictures of the cement-filling pattern of strong cement leakage (A, low-viscous cement), moderate cement leak-
age (B, mid-viscous cement), and no cement leakage (C, high-viscous cement). The graph on the right side depicts a digita-
lization that was made to keep the numeric values for the amount of cement leakage
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required for a sufficient filling of the vertebral body), 
we developed a new injection cannula. The goal of 
this development was to achieve significant diminu-
tion of the extravertebral pressure.

The new injection cannula consists of two parts 
with different inner and outer diameters (Fig. 7). The 
distal third of the cannula has the same dimensions 
as a conventional 8-gauge cannula (inner diameter, 
3.38 mm), because this part is introduced through 
the pediculus arcus vertebrae into the vertebral 
body and thus has to be adapted to these anatomi-
cal conditions. The inner diameter of the proximal 
part, which partially penetrates the soft tissue, is 
6.92 mm, which is nearly double the size of the 
distal third. The overall length of the new cannula 
is 135 mm.

A theoretical model, which is based on the law 
of Hagen-Poiseuille and in which the anthropome-
try of the human body was incorporated, was estab-
lished to find the ideal dimensions for the cannula. 
The result, proven in an earlier experimental study, 
is that by doubling the inner diameter of the proxi-
mal part of the cannula the extravertebral pressure 
is decreased by 63% compared with a conventional 
8-gauge cannula [Baroud and Steffen 2005].

In a further study, the newly developed cannula 
was tested under simulated clinical conditions. In-
jection pressures were measured while a surgeon in 

spinal orthopedics injected bone cement into ca-
daveric vertebrae through a conventional cannula 
and through the newly developed cannula under 
the same injection conditions (e.g., flow and pres-
sure) as in a real vertebroplasty procedure. Details 
of the experimental setup and accomplishment can 
be found in Baroud et al. [Baroud et al. 2006]. On 
the basis of the preceding results, we expected a 
diminution of the injection pressure of 50–60% 
with the new cannula. 

Altogether, 40 tests per cannula were performed. 
The ratio of the injection pressures needed to inject 
the cement through the two cannulas averaged 56%. 
This means that the new cannula decreases the in-
jection pressure by approximately 44%. A t-test 
showed that these results have a very high signifi-
cance (p < 0.001). Our hypothesis that the new can-
nula significantly reduces the injection pressure was 
proven by the results of this study.

With the lowering of the injection pressure by 
the new cannula, it is possible to inject more vis-
cous cements without the problem of the required 
pressures exceeding the forces a surgeon can apply. 
Thereby, the risk of cement leakage out of the ver-
tebral body and the risk of insufficient filling are 
reduced. Fortunately, the new cannula is compati-
ble with the standard injection system and is par-
ticularly inexpensive.

Conclusions

For a clearer understanding of the injection process 
in vertebroplasty, analysis of the meaning of injec-
tion pressure and cement viscosity was important 
mainly for the outcome of a treatment.

Consideration of the theoretical model delivered 
surprising results. Approximately 95% of the overall 
injection pressure is needed to overcome the fric-
tion between the cannula and cement (extraverte-
bral pressure), and only 5% of the overall injection 
pressure is necessary in the spongiosa (intraverte-
bral pressure). The subsequent results proved that 
the intravertebral pressure is significantly lower than 
the extravertebral pressure.

Analysis of the extravasation risk showed that by 
using more viscous cement the risk can be reduced 
significantly. Furthermore, a lower injection pres-
sure and a resulting lower intravertebral pressure 
would be advantageous for the regular spreading of 
the cement.

To enhance the injection process, we have de-
veloped a new cannula that through its geometry 

Fig. 7. Geometry of a conventional 8-gauge cannula (A)
compared with the newly developed cannula (B)
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contributes to a decrease in the injection pressure. 
Thus, more viscous cements can be injected and 
the risk of insufficient filling of the vertebral body is 
reduced. There is a need for further studies before 
the new cannula can be used in clinical opera-
tions.
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Glossary

Term Explanation

Injection 
pressure

Total pressure needed to inject the cement 
into a vertebra

Injection 
volume

Volume of cement that is injected into the 
vertebra

Extravertebral 
pressure

Pressure necessary to overcome friction 
between the cement and the cannula wall

Intravertebral 
pressure

Pressure required for dispersion of cement 
in the cavities of the spongiosa and for 
displacement of bone marrow

Infiltration 
pressure

Pressure required to infiltrate the trabecu-
lar cavities 

Viscosity Toughness of fluids – in this case, cement
Extravasation Cement leakage out of a vertebra
8-gauge Measuring unit for the inner diameter of 

the cannula (corresponds to 3.38 mm)
Palm Pilot Recorder for electronically measured data
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Biomechanics of vertebral cement 
augmentation: risk of adjacent fractures 
following vertebroplasty

G. Baroud and S. Wolf

Summary

Vertebroplasty is a minimally invasive procedure 
designed to treat osteoporotic compression fractures 
of vertebral bodies. In this procedure, the affected 
vertebral bodies are strengthened with bone ce-
ment.

New clinical and biomechanical tests have 
shown the appearance of new fractures in abutting 
vertebrae following vertebroplasty. Several hypoth-
eses have been suggested concerning the cause of 
this phenomenon. In this article, we concentrate on 
the biomechanical hypothesis, which is based on 
the stiffening of osteoporotic bone as a result of ce-
ment augmentation.

It seems that under certain circumstances verte-
broplasty works against itself, because it destabilizes 
the abutting vertebrae and causes new fractures. 
Although this hypothesis on the origin of compres-
sion fractures is substantiated by an increasing 
amount of proof, caution is still required. Vertebro-
plasty is a relatively new procedure, and more in-
vestigations are needed to establish the true cause 
of adjacent fractures.

Introduction

At the present time, more and more people are si-
multaneously reaching older ages, with the result 
that diseases such as osteoporosis are more preva-
lent and require greater attention. The most frequent 
complications of osteoporosis are compression frac-
tures of vertebral bodies, which represent 45% of 
osteoporotic fractures. These fractures are often 
noncritical but they can result in acute pain and a 
decrease in the solidity and stability of the back-
bone.

Vertebroplasty aims to stabilize the fractured ver-
tebral body and, if possible, completely restore its 
solidity, thereby alleviating pain. To achieve this 
aim, bone cement is injected into the vertebral 
body, under fluoroscopy, thereby in situ increasing 
both the solidity and stiffness of the vertebral body 
[Heini et al. 2001; Belkoff et al. 2000; Belkoff et al. 
2001; Belkoff et al. 2002; Dean et al. 2000]. Verte-
broplasty is not only an inexpensive alternative to 
conventional methods of treatment but also demon-

strates many encouraging clinical successes when 
its increasing role in patient care is considered 
[Watts et al. 2001].

The present guidelines for vertebroplasty con-
centrate on the principle of maximizing the solidity 
and stiffness of the fractured vertebra by injecting 
the maximum volume of bone cement. However, 
biomechanical experiments have shown that this 
principle requires re-evaluation under certain cir-
cumstances, because the possible risk for an adja-
cent fracture has not been taken into consideration 
[Berlemann 2002].

Adjacent fractures are new compression frac-
tures that occur in vertebrae adjacent to augmented 
vertebral bodies shortly after a vertebroplasty pro-
cedure. This phenomenon has been demonstrated 
in several clinical studies.

Nevertheless, despite the risk of new vertebral 
compression fractures, one should not lose sight of 
the main effect of vertebroplasty, which is to im-
prove the stability of the fractured vertebral body 
[Watts et al. 2001; Heini et al. 2001; Belkoff et al. 
2000, 2001, 2002; Dean et al. 2000] thus protecting 
it from a continuous loss of height. 

Methods and results

To conduct a study on the stabilizing effect of ver-
tebroplasty, three models with different degrees of 
isolation were chosen: (a) an intravertebral model, 
(b) a model of one vertebral body, and (c) a multi-
segment model.

The intravertebral model consists of one cancel-
lous bone core with standardized dimensions and 
provides an opportunity to look at interactions be-
tween bones and cement without their being influ-
enced by other anatomical factors such as the pres-
ence of the vertebral shell. The more complex mod-
el of one vertebral body is used for evaluation of the 
biomechanical efficiency of the procedure in rela-
tion to regeneration of fractured vertebrae and pre-
vention of further fractures. The purpose of the mul-
tisegment model is to analyze the effect of vertebro-
plasty on bordering structures. These models consist 
of two neighboring vertebrae and the intermediate 
spinal disk – a functional back bone unit.

The efficiency of cement filling in terms of in-
creasing the solidity of osteoporotic bone has been 
proven in the intravertebral model [Baroud et al. 
2001; Baroud et al. 2003] and the model of one 
vertebral body [Heini et al. 2001; Belkoff et al. 
2000, 2001, 2002; Dean et al. 2000]. In contrast, 
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results based on the multisegmental model chal-
lenge the principle of maximized filling, because 
this can be disadvantageous for neighboring verte-
brae [Berlemann et al. 2002].

The vertebral shell is essential for the solidity and 
stability of a healthy vertebral body, and a fracture 
through the shell results in partial loss of this stabi-
lizing factor [Rockoff et al. 1969]. Although the aug-
mentation aspires to restore the solidity of the ver-
tebral body, only the trabecular rack and not the 
vertebral shell is stabilized. The result is a kind of 
intravertebral pillar made of cement.

Experimental single vertebra models, mainly os-
teoporotic, generally test the biomechanical stability 
of cadaveric vertebrae in axial compression (Fig. 8) 
prior to and following vertebroplasty. Excised ca-
daveric vertebrae are augmented with bone cement, 
following the maximal filling paradigm, and samples 
then undergo biomechanical testing using a univer-
sal materials testing machine [Heini et al. 2001].

Results of biomechanical tests show that a healthy 
vertebral body can withstand 10 times more axial 
compression than a strong osteoporotic vertebral 
body [Heini et al. 2001] (Fig. 9). Vertebroplasty tries 
to rebuild this strength.

The ability of cement augmentation to stabilize 
osteoporotic bone in the vertebral body seems in-
disputable; it is possible to rebuild the solidity to the 
same level as that of intact bone, and even more. 
However, the following questions arise from these 
studies: What is effective repair? How much strength 
and stiffness should be restored to the vertebral 
body?

The ideal level of restoration is unknown; strength 
can be restored to a prefracture intact level or to a 
healthy nonosteoporotic level. Until the ideal level 
is determined, augmentations may be excessive, 
and reports suggest that these may have adverse 
biomechanical effects on the surrounding tissues. 
Specifically, studies suggest that vertebroplasty may 
cause adjacent fractures (Fig. 10).

Recent clinical studies have supported these ob-
servations, demonstrating significantly increased 
risk for adjacent fractures. Uppin et al. [Uppin et al. 
2003] reported that two-thirds of observed new 
fractures occurred within 30 days after a vertebro-
plasty procedure. Similarly, Grados et al. [Grados et 
al. 2000] reported an increased odds ratio for the 
appearance of adjacent vertebral fractures prior to 
(1.44) and post (2.27) augmentation. Legroux-Gérot 
et al. [2004] noted a similar increase in the odds 
ratio. More recently, Kim et al. [2004] reported that 
8% of all vertebrae in their study developed new 
fractures following vertebroplasty, thus also suggest-
ing that vertebroplasty increases the risk of adjacent 
fractures. 

From these findings, it is important not only to 
notice the significance of these studies but also to 
understand the underlying mechanisms. If a mecha-
nism can be found to explain the appearance of 
adjacent vertebral fractures, it may be possible to 
alter the treatment to prevent this possibly harmful 
long-term effect.

Several hypotheses for the appearance of adja-
cent vertebral fractures have been suggested. A first 
hypothesis by Ross et al. [1993], and others more 
recently [Heini and Orler 2004; Lindsay et al. 2001; 
Fribourg et al. 2004], suggests that it is the effect of 
the natural progression of osteoporosis. This is rea-
sonable, because the risk of subsequent fractures 
increases by four times following the appearance of 
an initial vertebral fracture, even without vertebro-
plasty.

A second hypothesis by Uppin et al. [2003] and 
Heini et al. [2004] suggests that new fractures result 
from the increased level of activity of patients fol-
lowing a vertebroplasty procedure. It is postulated 

Fig. 8. Experimental setup of a single vertebral model [Hei-
ni et al. 2001] in axial compression on a universal testing 
machine. Most biomechanical testing is performed in axial 
compression because it is the direction of the greatest load-
ing on the spine
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that the increased physical activity places increased 
stress on the vertebrae, causing them to fracture. 
Again, this is feasible, because patients generally 
experience remarkable pain relief following a verte-
broplasty procedure.

Although these two hypotheses are both reason-
able, neither allows for any hope of improving the 
situation and minimizing this undesirable effect.

A third hypothesis was proposed by Baroud et al. 
[2001, 2003]; namely, that perhaps vertebroplasty 
itself is the cause of these fractures, as a result of its 
biomechanical effects on the surrounding tissues. 
This is a two-part hypothesis, which proposes that

(a) the rigid cement filling of vertebroplasty leads to 
increased stiffness of the augmented vertebra; 
and 

(b) this, in turn, produces increased loading in the 
adjacent vertebrae. 

Examination of the third hypothesis by both experi-
mental and computational means is the focus of this 
chapter. Specifically, experimental tests examined 
part (a) through materials tests, and computational 
analyses examined part (b) using multisegment mod-
els.

Baroud et al. [2001] conducted experimental 
materials testing on cylindrical samples (height and 
diameter ~8.4 ± 1.6 mm) comprising three experi-
mental groups: acrylic bone cement, calcium phos-
phate bone cement, and osteoporotic bone samples 
– both untreated and augmented using acrylic bone 
cement. The cylindrical samples were subjected to 
axial compression between parallel plates, and the 

Fig. 9. Qualitative load-displacement curves representing untreated healthy vertebral bodies; untreated osteoporotic verte-
bral bodies; and augmented osteoporotic vertebral bodies, with maximal filling with experimental brushite cement [Heini 
et al. 2001]

Biomechanics of vertebral cement augmentation: risk of adjacent fractures following vertebroplasty
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elastic modulus and ultimate strength were mea-
sured.

The specific findings on the elastic modulus of 
the intravertebral model (Fig. 11) were reported. 
There were only minor differences in the elastic 
properties within each group of cement and be-
tween these two cement types. However, it was 
evident that large differences exist between the ce-
ment and the bone; cement is much stiffer than 
bone. Finally, the most important finding was that 
augmented osteoporotic bone is 12 times stiffer than 
untreated osteoporotic bone. 

Similarly, the main findings were reported in re-
lation to the ultimate strength of the osteoporotic 
bone (Fig. 12). Only minor differences exist between 
each type of cement; however, larger differences 
exist between the two groups. More importantly, an 
even greater difference exists between the untreated 
osteoporotic bone and the augmented osteoporotic 
bone: following augmentation, the osteoporotic 
bone is 36 times stronger, an important increase in 
its load-bearing capacity. 

These results demonstrated a substantial change 
in the material properties of trabecular bone follow-
ing augmentation and support the hypothesis by 
confirming (a): augmentation leads to an increased 

stiffness in the augmented cancellous bone. From 
this, it is hypothesized that increased stiffness will 
lead to reduction in intravertebral joint flexibility 
and increase in disc pressure.

Experimental biomechanical studies are limited 
in their use and therefore computational studies are 
often conducted to complement them. Computa-

Fig. 10. A typical case of an adjacent vertebral fracture. The radiograph on the left was taken prior to the vertebroplasty 
procedure, and the radiograph on the right was taken 2 weeks after the procedure. Comparison of the two radiographs 
demonstrates the appearance of an adjacent vertebral fracture (highlighted). The radiographs are from the same patient 
[Baroud et al. 2003]

Fig. 11. The modulus of elasticity of three groups of cylin-
drical samples: (a) untreated osteoporotic cancellous bone, 
(b) Biopex cement, (c) Norian SRS cement, (d) vertebroplas-
tic cement, (e) cranioplastic cement, (f) Simplex cement, 
and (g) osteoporotic cancellous bone infiltrated with ce-
ment
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tional studies employ a technique called finite ele-
ment (FE) modeling, a tool used by engineers to 
examine stress and strain fields in complex struc-
tures; these are especially valuable because they 
have the power to show hidden effects, such as the 
mechanisms responsible for observed phenomena.

Baroud et al. [2003] and Polikeit et al. [2003] 
created a computational model to examine the 
loading in both augmented and non-augmented 
motion segments. The basic FE model was of a 
functional spinal unit (FSU) composed of two lum-
bar vertebrae and one intervertebral disc. Each 
component was composed of several parts: the ver-
tebrae consisted of an internal cancellous bone 
structure enclosed by a cortical shell, and the disc 
was a water-like nucleus surrounded by fibrous rings 
and a Teflon-like annulus. The augmented FSU was 
altered to model the reinforcement of the lower, L5, 
vertebra with bone cement. 

Each material was modeled separately to ensure 
a more accurate representation of the in vivo envi-
ronment. The bone was modeled as a linearly elas-
tic material. The nucleus was an incompressible 
solid with nonlinear material properties, the sur-
rounding fibers were nonlinear rings, and the an-
nulus was linearly elastic. Both the augmented and 
nonaugmented FSU models were distally con-
strained and subjected to axial compression.

The resulting mechanical loading (Fig. 13) was 
then examined for each case to determine how the 
augmentation altered loading in the surrounding tis-

Fig. 12. The ultimate strength of three groups of cylindrical 
samples: (a) untreated osteoporotic cancellous bone, (b)
Biopex cement, (c) Norian SRS cement, (d) vertebroplastic 
cement (acrylic), (e) cranioplastic cement (acrylic), (f) Sim-
plex cement (acrylic), and (g) osteoporotic cancellous bone 
infiltrated with cement

Fig. 13. Multisegment FE model where the mean stresses (MPa) in the sagittal plane highlight the load shift. The endplates 
of the untreated model (right) bulge symmetrically under nucleus pressure. The rigid cement pillar in L5 inhibits the inward 
endplate bulge of the superior L5 endplate in the augmented model (left). This increases both the inward endplate bulge of 
the inferior L4 endplate and the bone stresses in L4 [Baroud et al. 2003]

Biomechanics of vertebral cement augmentation: risk of adjacent fractures following vertebroplasty
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sues. The broad finding was that there is a redistri-
bution of pressure in the augmented model. 

Closer examination of the pressures shows sev-
eral important changes. There was a significant in-
crease in intravertebral disc pressure (19%), an in-
creased load on L4 (17%), and an increase in joint 
flexibility (11%). In addition, there was a decrease in 
the endplate bulge of the superior endplate of L5 
and a resulting increase in the endplate bulge of the 
inferior endplate of L4. These findings represent an 
important change in the mechanical loading of the 
augmented model [Berlemann et al. 2002].

Biomechanical cadaveric studies in spinal mo-
tion segments have shown that both the intraverte-
bral disc and the endplates determine flexibility. For 
a nonaugmented joint, it has been reported that the 
intravertebral disc contributes approximately two-
thirds of the flexibility, and the endplates contribute 
approximately one-third, or about 15% per endplate 
[Brinckmann et al. 1983].

Vertebroplasty seems to alter normal joint load-
ing through reinforcement of the vertebral body 
with rigid cement in a mechanism termed the pillar 
effect. The augmentation creates a pillar of cement 
that reduces flexibility of the endplate by inhibiting 
endplate bulge, thereby reducing flexibility of the 
entire motion segment. This decreased flexibility 
may cause loading to be redistributed, thereby in-
creasing loading on adjacent vertebrae.

These computational results thereby confirm part 
(b) of the biomechanical hypothesis; that is, the rig-
id pillar effect of the cement creates increased load-
ing in adjacent vertebrae.

Results obtained in the multisegment model sug-
gest a mechanism responsible for the change in bio-
mechanical loading leading to adjacent vertebral frac-
tures: the pillar effect, outlined in the following steps:

1. Augmentation with rigid cement produces in-
creased stiffness in the augmented vertebra.

2. Increased stiffness in the augmented vertebra re-
duces its endplate bulge.

3. Reduction in endplate bulge is responsible for
reducing overall joint flexibility.

4. The reduction in joint flexibility seeks to reverse 
itself by increasing the intervertebral disc pres-
sure.

5. The increased intervertebral disc pressure seeks 
to relieve itself by increasing the load on the 
adjacent vertebra.

6. The increased load on the adjacent vertebra re-
lates directly to increased risk of fracture.

Discussion

Further evidence to suggest the pillar effect as the 
mechanism responsible for adjacent vertebral frac-
tures has been reported in the literature in support 
of the findings previously presented.

Ananthakrishnan et al. [2003] were the first to 
experimentally measure disc pressure, an important 
step that provides the first evidence of increased 
loading in surrounding tissues. These authors con-
cluded that the significantly increased intervertebral 
disc pressure following augmentation is communi-
cated via the disc to the adjacent vertebra.

Berlemann et al. [2002] conducted experimental 
studies on FSUs and reported a 19% decrease in 
overall strength of the FSU following vertebroplasty 
when compared with matched controls. Further, 
these authors reported that failure was isolated to 
the untreated cranial vertebra in the augmented 
FSUs, whereas failure generally occurred in both 
vertebrae in the untreated control FSUs.

In experimental studies on multisegment models, 
Lu et al. [2001] found that stiffness increased above 
the level of intact models, but that after cyclic load-
ing stiffness is brought back below the level of intact 
FSUs.

Wilcox [2004], using FE modeling of a fractured 
model, concluded that a load shift to the untreated 
vertebra in an FSU pair was responsible for instigat-
ing new compression fractures. The fractured mod-
el was subjected to a 16% increase in strain in the 
adjacent vertebra. The presence of increased load-
ing in this vertebra turned it into the weakest link in 
the model, thus creating a venue for the continued 
increase in loading until failure occurred in the form 
of a new compression fracture. Polikeit et al. [2003], 
using an elaborate multisegment FE model, reported 
similar results.

The three most important findings drawn from 
research on adjacent vertebral fractures are as fol-
lows:

1. Although rigid cement augmentation increases 
the strength of an individual vertebra, it seems to 
weaken the spine as a whole;

2. vertebroplasty seems to result in increased load-
ing in tissues adjacent to the augmented verte-
bra; and

3. the mechanism responsible for the load increase 
in the surrounding tissues, especially the adja-
cent vertebrae, is the pillar effect.

Thus, it appears that the pillar effect contributes to 
the risk of adjacent vertebral fractures, and therefore 
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the next logical step is to apply this knowledge to 
improving vertebroplasty by preventing the appear-
ance of new fractures following the procedure.

Currently, the mechanical properties of bone 
and cement are drastically different. It has been sug-
gested that cements could be adapted to more 
closely resemble the properties of bone as a possi-
ble solution to the risk of adjacent vertebral frac-
tures. Young’s modulus and the ultimate strength 
can be decreased from normal cement values to 
match those of bone.

Using computational models, Wilcox [2004] and 
Sun and Liebschner [2004] have both demonstrated 
that the excess loading on adjacent vertebrae can be 
altered through the use of less-stiff materials. The 
cement’s porosity can be increased by altering its 
composition through the addition of soluble fillers or 
other materials not currently in use. An example of 
a successful adjustment is provided by De Wijn et 
al. [1976], who were able to decrease the compres-
sive strength of cement from 80 MPa to approxi-
mately 5 MPa through the addition of a 65 vol% 
aqueous phase.

A further method for improving the mechanical 
loading response is to change the current paradigm 
from maximal filling to minimal filling. Berlemann et 
al. [2002] have reported a negative correlation be-
tween cement volume and the overall strength of an 
experimental FSU, an indication of the importance 
of minimal filling. More specifically, Belkoff et al. 
[2001] reported that their experimental models were 
adequately augmented after injecting only 2 cc of 
bone cement, and Liebschner et al. [2001] reported 
that injecting only 3.5 cc of cement adequately sta-
bilized their computational models.

To successfully implement the use of either mod-
ified cements or an adapted minimal-filling para-
digm in vertebroplasty, further studies, particularly 
clinical studies, are required. Specifically, the mini-
mum strength and stiffness required to afford suffi-
cient stability to fractured vertebrae, while also pro-
viding an appropriate mechanical response in the 
surrounding tissues of the spine, must be deter-
mined.

Although there is an increasing amount of evi-
dence to support this theory of the origin of adja-
cent fractures, caution is needed. Vertebroplasty is 
a relatively new procedure and further observations 
are required to conclusively determine the cause of 
adjacent fractures.
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Indications and contraindications 

Balloon kyphoplasty has now been carried out 
worldwide on over 230,000 patients with more than 
275,000 vertebral fractures. As with every tech-
nique, the best results are achieved if the special 
indications and contraindications are strictly ad-
hered to. 

The technique of balloon kyphoplasty was ini-
tially developed in 1998 for osteoporotic compres-
sion fractures of vertebral bodies, but with the 
spread of the technique the indication has now 
been extended to tumors and traumatic fractures. 

The indications with the best experience are 
painful osteoporotic compression fractures of the 
thoracic and lumbar spine resulting from primary or 
secondary osteoporosis. Further indications concern 
tumor metastasis, to which we have devoted a spe-
cial chapter (see Chapter 9). 

Increasing experience has allowed the use of 
balloon kyphoplasty on traumatic or osteoporotic 
compression fractures of vertebral bodies of the 
chest and the lumbar spine; however, we recom-
mend starting with kyphotic and osteoporotic spinal 
fractures. 

As experience in trauma treatment has increased, 
there are hardly any strict contraindications against 
the operation, apart from general contraindications 
such as coagulation disorder, unsuitability for gen-
eral or local anesthesia, or the inability to lie in a 
prone position. Before performing a balloon kypho-
plasty it is necessary to clarify whether the fracture 
is primarily osteoporotic or is a traumatic fracture of 
an osteoporotic bone. It must also be clarified in 
advance whether the pain that the patient experi-
ences is caused by the fracture (see Chapter 9). 

Severe iodine allergy is a special contraindication; 
the balloons are normally filled with iodine-based 
contrast medium and in principle can burst, there-
fore undiluted gadolinium should be used in the 
presence of a severe iodine allergy. Nevertheless, if 
a balloon does burst it will remain whole and there 
is merely a small perforation from which the con-
tents (contrast medium) are emptied, i.e. the balloon 
does not fragment.

As already remarked, the contraindications have 
changed as the result of increasing experience and 
broader indication. Only a few years ago, balloon 
kyphoplasty on people under the age of 40 was 
contraindicated, but this no longer applies. The de-
velopment of new bone cements means that bal-
loon kyphoplasty can perfectly well be performed 
on those under 40; however, we use absorbable 
bone substitution materials with these patients (see 
respective chapters on resorbable bone cements). 

Imaging 

Imaging plays a crucial role in the diagnosis of os-
teoporosis, apart from the clinical symptoms listed 
in Chapter 3. 

The locally experienced pain means that a sus-
pected fracture can often be pin-pointed in clinical 
examination. However, an x-ray with anterior-poste-
rior and lateral views does not always show the 
fracture and is even less likely to permit determina-
tion of its age. Furthermore, it is possible that re-
newed sintering in the same segment of an already 
existing fracture has taken place. The diagnosis is 
made much more difficult if no earlier x-rays are 
available.

Chapter 5

Indications, contraindications and imaging in balloon 
kyphoplasty

S. Becker 
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MRI thus plays the decisive role in the diagnosis 
of osteoporotic fractures and the differentiation from 
metastatic fractures [Baker 1990; Baur 1998; Chan 
2002; Park 2004; Stabler 1992]. When making the 
diagnosis from MRI, it is important to take the case 
history of the patient into account. If the patient is 
suspected of already having an old fracture, it could 
well be that the normal T1 and T2 sequences can-
not show the acute fracture on the MRI. 

In general, the T1 sequence shows a reduced 
signal in the case of an acute fracture; in contrast, 
the T2 sequence shows an increased signal because 
of the fracture edema. After a few months this can 
differ individually; the T2 examination increasingly 
loses its edema characteristic, so that an extended 
fat suppression will be needed. Fat suppression of 
the T2 image, known as short tau inverted recovery 
(STIR), is particularly indicated in the presence of 
occult fractures, unclear x-ray results or older frac-

tures [Meyers 1991; Van Gelderen 1997]. There will 
always be a positive STIR sequence in cases of os-
teoporotic fracture [Gaitanis 2004]. As is shown in 
the example (Fig. 14), a fracture edema can be 
traced up to a year or more. In case of older osteo-
porotic changes we always recommend MRI using 
the STIR sequence, because only this can ensure 
that the height of the fracture is diagnosed correctly 
and that the operation will be limited to the appro-
priate segment.

MRI examinations have considerably gained in 
importance; formerly, whenever a fissure was sus-
pected or if a fracture could not be clearly identified 
on an x-ray, conservative treatment was started and, 
in order to diagnose the further course with increas-
ing collapse, the fracture was x-rayed again 4 to 6 
weeks later. Thus, connection with an accident or a 
suspected fissure could be verified retrospectively. 
This method is no longer usual practice; it is now 
recommended that the MRI is done at an early 
stage. Indeed, it is inadvisable to perform a balloon 
kyphoplasty without an MRI, otherwise there is a 
risk of kyphoplasting the wrong segment. 

If it is not possible to get an MRI, because of 
contraindications (e.g. existing pacemaker), a com-
bination of computer tomography and bone scan 
would be the alternative [Cook 2002; Ryan 1997; 
Wiener 1998]. If there is a traumatic genesis (a trau-
matic fracture in a patient with osteoporosis), it is 
recommended that the guidelines of trauma surgery 
are followed and additional computer tomography 
performed when a posterior wall fracture is sus-
pected.

For diagnosing fractures of the spine, computer 
tomography has a lower sensitivity than MRI [Rhee 
2002] and can confirm the diagnosis only in combi-
nation with bone scintigraphy. The latter, however, 
has a diagnostic window: the scintigraphy can be 
falsely negative in the acute phase following the frac-
ture, and an already healed fracture can still show as 
positive years after the event. The sensitivity here is 
also considerably lower than on MRI [Ryan 1994; 
Wiener 1998]. PET examination can also confirm the 
diagnosis in case of doubt [Schmitz 2002].

In summary, before performing balloon kypho-
plasty an x-ray in two planes and an MRI (if possible 
with a STIR sequence) should be routinely carried 
out. This approach significantly increases the sensi-
tivity and specificity of the methods. In our daily 
practice we perform balloon kyphoplasty only if the 
clinical symptoms and the localization of the height 
coincide with the findings of the MRI and X-ray.

S. Becker 

Fig. 14. MRI with STIR sequence 4 months after treatment 
of fractures of T11 and T12 with balloon kyphoplasty (a)
refracture 4 weeks after initial treatment. The MRI clearly 
shows both the 4 months old fracture as well as the acuter, 
4 weeks old fracture (b)
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Sequential therapy after osteoporotic 
vertebral fracture – a treatment 
scheme

As shown above, vertebroplasty and balloon ky-
phoplasty have been extensively investigated in 
various health technology assessments (HTA) in dif-
ferent countries. Benefits, pros and cons have been 
discussed, but is there still a place for conservative 
treatment of osteoporotic vertebral fractures?

Worldwide, conservative treatment is still the 
gold standard even 20 years after the introduction 
of vertebroplasty and nearly 10 years after balloon 
kyphoplasty. Personal experience and multiple pub-
lications show the value of conservative treatment 
[Becker 2006]. 

However, the main complication after conserva-
tive treatment remains the risk of increased kyphosis 
with its detrimental impact on subsequent fractures 
and pulmonary function [Browner 1991; Cooper 
1993; Kado 1999; Lunt 2003], as has already been 
shown (see Chapter 3). Therefore, after management 
of pain, management of kyphosis should be the cen-
ter of any therapeutic focus [Becker 2006]. This goal 
can be realized with vertebroplasty up to six weeks 
after the fracture, or even longer in cases with os-
teonecrosis. Nevertheless, because of the time fac-
tor in vertebroplasty, some patients are treated im-
mediately without taking into account the good re-
sults after conservative therapy, resulting sometimes 
in unnecessary interventions.

I have therefore adapted a concept of the Swiss 
Society of Spinal Surgery, whose members reached 
consensus on a sequential treatment plan, needed 
nationally for reasons of reimbursement. The plan 
includes conservative measures and indications of 
treatment failure and has been followed with suc-
cess for nearly two years in our center (see Fig. 15) 
[Becker 2006]. The main point of interest in this 
scheme is the regular follow-up at the treatment 
center, together with an interdisciplinary approach 
involving the radiologist, orthopedic surgeon and 
medical specialist, which assures optimal treat-
ment.

Patients should be transferred to a specialized 
and experienced center as soon as possible after an 
osteoporosis fracture, to be assessed for conserva-
tive or operative management. If the patient shows 
no indication for immediate balloon kyphoplasty 
(reduction of vertebral height > 1/3rd in relation to 
an adjacent healthy vertebra, kyphosis > 15° in the 
thoracic spine and 10° in the lumbar spine), conser-

Indications, contraindications and imaging in balloon kyphoplasty
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vative treatment is indicated. Most centers have 
their own conservative treatment schemes and 
should therefore continue to follow the scheme that 
gives the best results. For lumbar or thoracolumbar 
fractures, we immobilize the patient in a slightly 
flexible lumbar brace and begin outpatient physio-
therapy under adequate management of pain. If the 
fracture is very painful, the patient will receive treat-
ment as an inpatient. We also assess the need for 
calcium, vitamin D and bisphosphonates, and as 
most of the patients are not under an adequate 
treatment scheme we start all three immediately. 
After two to three weeks all patients are carefully 
reassessed with clinical and radiological investiga-
tion in the outpatient clinic. This is the central part 
of the treatment scheme, as only regular follow-ups 
can demonstrate changes of kyphosis angles of ver-
tebral height and failures of conservative manage-
ment. Any changes of the radiological result towards 
the shown indication for surgery or failure of pain 
management or persistent pain (VAS > 3) for longer 
than six weeks warrant balloon kyphoplasty.

This scheme excludes immediate vertebroplasty 
and avoids unnecessary operations as it includes the 
opinion and result of conservative medicine togeth-
er with balloon kyphoplasty. Because good results 
are achieved with balloon kyphoplasty even six 
weeks or more after a fracture, individual adequate 
treatment can be chosen according to the pain sta-

tus and deformity. Immediate surgery in cases with-
out the required parameters for balloon kyphoplasty 
may yield good results regarding pain, but in those 
cases the known risk of vertebroplasty has to be 
accepted, always bearing in mind that conservative 
management may have reached the same goal as 
the operation.

In orthopedic surgery nowadays it is important 
to develop treatment schemes that optimize and 
standardize the treatment and the results. A scheme 
is only as good as it is when transformed and adapt-
ed to individual patients, and in some cases a treat-
ment scheme may not be applicable (e.g. patients 
receiving cortisone treatment or those with verte-
bral osteonecrosis). Nevertheless, I think that this 
guideline helps both the interdisciplinary team and 
the general practitioner to optimize the treatment of 
osteoporosis vertebral fracture while minimizing the 
risks; furthermore, the guideline recognizes the 
trend towards interdisciplinary approaches and dis-
cussion of budgets.
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The venous drainage system of the 
vertebral body and spine and its 
consequences for balloon kyphoplasty

S. Becker 

Because of the possibility of extravasation of ce-
ment from the vertebral body, the venous system of 
the spine should be carefully considered. The verte-
bral venous system (VVS, Batson’s plexus [Batson 
1940]) is basically divided into three parts: the ex-
ternal vertebral venous system (EVVS), the basiver-
tebral system (BS) and the internal vertebral venous 
system (IVVS) [Batson 1940; Clemens 1961; Fleisch-
hauer 1994] (Fig. 16).

The vertebral venous system (Fig. 16)

In principle all vertebral venous systems are built 
horizontally. Each vertebral body has an outer ve-

nous plexus and also has veins running within the 
vertebral body. Ventrally, the outer plexus lies close 
to the vertebral body (plexus venosus vertebralis 
externus anterior), and dorsally it lies on the verte-
bral arches and ligaments (plexus venosus vertebra-
lis externus posterior). This system is directly con-
nected to the azygos vein and the thoracic hemia-
zygos vein, as well as to the ascending lumbar veins 
via the segmental lumbar veins. Thus the inferior 
and superior vena cavae are directly connected dor-
sally via this system (Fig. 17).

The basivertebral system

The basivertebral system (BS) lies within the verte-
bral body, and is formed either by one vein or by a 
pair of veins which take in smaller veins from the 
vertebral body. The two veins unite centrally in the 
basivertebral vein and connect ventrally with the 
anterior venous vertebral plexus and towards the 
spinal cord with the IVVS. 

Chapter 6

Special anatomy and classification of fractures

Fig. 16. The vertebral venous system and its individual parts: The external vertebral venous system (EVVS), the basivertebral 
system (BS) and the internal vertebral venous system (IVVS) 
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The internal vertebral venous system

The IVVS (epidural plexus) lies directly in the epidu-
ral lipoid space. In accordance with the EVVS, the 
IVVS also forms an anterior venous plexus (plexus 
venosus vertebralis internus anterior) which is di-
rectly connected to the basivertebral vein, and a 
posterior venous plexus (plexus venosus vertebralis 
internus posterior) which is directly connected to 
the external dorsal venous plexus. Thus there are 
two rings of veins (EVVS and IVVS) surrounding 
each vertebral body in each segment; the rings are 
connected via the BS. 

All three systems are designed as valveless ve-
nous systems. The EVVS and IVVS run along the 
complete spine, from the hiatus sacralis up to the 
foramen magnum, and lead anteriorly into the basi-
lar venous plexus and posteriorly into the suboc-
cipital sinus [Groen 2004].

The volume of the venous system of the spine is 
20 times larger than the arterial volume [Clemens 
1961; Vogelsang 1970] and, because of the absence 
of valves, allows blood flow in both directions, de-
pending on the intra-abdominal and intrathoracic 
pressures. The function of the inordinately large ve-
nous system of the spine is still not clear. Possible 
functions are: an already laid out collateral circula-
tion in case of occlusion of a vena cava, and the 
possibility of compensating the venous pressure 
[Herlihy 1947]; a safety cushion for the medulla 

[Penning 1981; Reesink 2001]; an absorption space 
for cerebrospinal fluid [Zenker 1994]; or a cooling 
mechanism for the central nervous system [Zenker 
1996].

The effects that the anatomy has on injection of 
liquid polymethylmethacrylate (PMMA) cement into 
the vertebral body are obvious and were shown in 
vivo in a study by Phillips. Contrast medium is di-
rectly instilled during balloon kyphoplasty and ver-
tebroplasty, and it was observed that the medium 
leaked into the EVVS and the IVVS when using ei-
ther technique, although significantly less escaped 
during balloon kyphoplasty than during vertebro-
plasty [Phillips 2002]. 

In principle, the cement can escape directly into 
the greater circulation if either the EVVS or the BS 
is directly punctured. Furthermore, it is possible that 
bone marrow enters these veins. The literature de-
scribes an increased occurrence of pulmonary em-
bolism after penetration by pedicle screws [Taka-
hashi 2003]. Because of the anatomical situation, 
the possibility of pulmonary embolism caused by 
either bone marrow or cement should always be 
taken into account. The reason for the lower risk of 
embolism, whether caused by bone marrow or 
PMMA, during or after balloon kyphoplasty has not 
been resolved with certainty. The injection of PMMA 
cement without high pressure plays a decisive role 
in balloon kyphoplasty [Phillips 2002]; PMMA em-
bolism caused by high-pressure injection of the ce-
ment into bone has already been proven to occur in 
limb surgery [Markel 1999; Orsini 1987]. Further-
more, it is possible that the basivertebral veins are 
compressed by the balloon and therefore neither fat 
nor PMMA can pass. A crucial factor regarding the 
pressure within the whole VVS is the position of the 
abdomen during the operation. 

Compression of the inferior vena cava alone 
leads to increased blood flow in the VVS via the 
collateral circulation, and thus to increased risk of 
embolism [Batson 1940, 1957]. This fact must be 
taken into account, especially with patients suffer-
ing from portal hypertension as a consequence of 
hepatic cirrhosis. Since cement injection techniques 
are generally carried out with the patient in an ab-
dominal position, attention should be paid to the 
intra-abdominal pressure, which must be as low as 
possible, i.e. the abdomen should be positioned 
freely during surgery (see Fig. 89, Chapter 11). This 
means that the venous collateral circulation involv-
ing the VVS is reduced to a great extent, and that 
the blood flows in the caval system. Increased intra-

Fig. 17. Collateral circulation between inferior and the su-
perior vena cava via the venous vertebral system 
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abdominal pressure could theoretically be compen-
sated by increased intrathoracic pressure, prevent-
ing collateral circulation and thus increased blood 
flow through the vertebra [Groen 2004]. However, 
equalization of the pressure between the two body 
cavities is impossible without appropriate monitor-
ing during the operation, and such monitoring would 
be too demanding during surgery. In addition, car-
diovascular complications must be taken into ac-
count in the case of increased intrathoracic pres-
sure. To conclude, optimal positioning of the pa-
tient, relieving the abdomen, is the only remaining 
efficient prophylaxis for avoiding embolism.

Classification of osteoporotic vertebral 
fractures 

B. Boszczyk 

Balloon kyphoplasty is principally suitable for treat-
ment of vertebral fractures that have a localized 
fragmented zone within the spongiosa and a ky-
photic deformity, or for treatment of endplate im-
pression fractures. A precondition for a successful 
reduction is a healthy vertebral base as a support 
for the balloon. These criteria are met by fractures 
of type A1.1 (end plate impression fracture, Fig. 18a), 
A1.2 (wedge fracture, Fig. 18b, c) and A3.1 (incom-
plete burst fracture, Fig. 18e–g). According to cur-
rent knowledge, split fractures (A2), burst fractures 
(A3.2) and complete burst fractures (A3.3) are not 
suitable for balloon kyphoplasty, as the splitting 
component of those fractures cannot be stabilized 
by the augmentation. However, a complete burst 
fracture type A3.3 must be distinguished from an 
osteoporotic collapse of a vertebral body type A1.3 
(Fig. 18d) [Magerl 1994]. The latter is suitable for 
balloon kyphoplasty, as the endplates are hardly 
fragmented or not fragmented at all, unlike in a 
complete burst fracture. According to the above cri-
teria for morphology of fractures of the vertebral 
body, corresponding fractures of group B are also 
suitable for balloon kyphoplasty, in combination 
with an internal fixator. This applies to type B1.2 
and B2.3 fractures. Precise diagnostics and exact 
classification of the fracture are indispensable for 
the successful application of balloon kyphoplasty 
for those fractures. A combination of computed to-
mography (CT) and MRI offers the best possible 
exactness for assessment of osseous and disco-liga-
mentous injuries.

A criterion that has not yet been examined com-
prehensively is injury of the adjacent end plate. The 
classification by Oner provides a graduation of end-
plate injuries on the MRI in four degrees of severity, 
going beyond the conventional classification [Oner 
2002]. The first degree merely shows a deformation 
of the end plate, whereas the second and third de-
grees each show an isolated injury in the anterior or 
posterior third of the vertebral body. Injuries reach-
ing throughout the complete endplate are ascribed 
to the fourth degree. Although no prognostic data on 
balloon kyphoplasty within this classification system 
are available, long-term integrity of the intervertebral 
disc can most probably be assumed in the case of 
an isolated deformation of the disc or of fissures in 
the posterior third of the vertebral body. 
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Fig. 18. a Schematic sagittal view of a vertebral fracture 
type A1.1 (end plate impression fracture) – merely the end-
plate shows a deformation. b, c Schematic sagittal view of 
a vertebral fracture type A1.2.1 (wedge fracture) the cranial 
part of the vertebral body is fractured without participation 
of the anterior wall. This type of fracture can also occur as 
a caudal fracture (type A1.2.3 – c). d Schematic sagittal view 
of a vertebral fracture type A1.3 (vertebral body collapse) 
– the vertebra body has totally collapsed, but without being 
fragmented. e–g Schematic view of a vertebral fracture type 
A3.1 (incomplete bursting fracture) – the sagittal view shows 
the wedge shaped fracture with participation of the anterior 
wall of the cranial part of the vertebral body; the axial view 
in the pedicle plane shows the fragmentation of the upper 
part of the vertebral body (f) the axial view beneath the 
pedicle plane rules out a split fracture (g)

a b

c d



Balloon kyphoplasty is a minimally invasive percu-
taneous method for stabilizing the spine. The instru-
ments are designed accordingly and together with 
the inflatable bone tamps (IBT) are described be-
low. 

The set of instruments

The basic set of instruments with the bone access 
tools (Fig. 19) consists of the following: 

– 2 Kirschner wires (length 267 mm, blunt and 
pointed),

– 1 working cannula (osteointroducer). The work-
ing cannula is ready to use with a bougie and an 
additional inlay,

– 1 Jamshidi puncture needle (size s, Chapter 11).

A special set containing a special working cannula 
(advanced osteointroducer) and an additional drill is 
available (Fig. 20a, b). 

This special working cannula can be used in 
young patients as well as for hard bones. In princi-
ple it differs from the regular working cannula in 
that it has a 15 mm-long drill at the tip, which makes 
it easier to introduce the working cannula transpe-

dicularly. It is also advisable to use this instrument 
in cases under local anesthesia in order to avoid 
hammering.

The other instruments can be ordered individu-
ally packed and opened as required or can be or-
dered in a package including all necessary tools and 
balloons to perform a balloon kyphoplasty. In addi-
tion, it is possible to use a special curette in order 
to make a cavity in the bone, so that the balloon 
can be led in a certain direction, or to enable easi-
er repositioning above the balloon (Fig. 20c, d). The 
curette can also be used for treating old fractures. 

Chapter 7 

The technique of balloon kyphoplasty 

S. Becker 

Fig. 19. Basic set of instruments for performing balloon ky-
phoplasty. a Jamshidi puncture needle; b Osteointroducer; 
c Kirschner wires

Fig. 20. Set for young patients, hard bones: a advanced 
osteointroducer; b drill; c curette; d tip of the curette

a

a

b

b

c

d

c
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The following instruments are also necessary: a 
bone filler (1.5 ml) and a bone biopsy instrument if 
required (Fig. 21a, b). The bone biopsy instrument 
looks more or less the same as the bone filler except 
that it has teeth that taper to a point at the end, 
which makes the biopsy easier. 

The working cannulae, the drill, and the bone 
filler are marked at intervals of 1 cm so that the 
depth of penetration into the bone can be followed 
at any time without x-ray. 

The balloon catheter (inflatable) bone 
tamp and the pressure syringe 
(Figs. 22, 23) 

The balloon (IBT) is the central instrument in bal-
loon kyphoplasty and various types are available. 

Conventional balloons (KyphX Xpander®) consist of 
a balloon, the shaft (length: 293 mm without bal-
loon) and two adapters. One adapter is for attaching 
the pressure syringe; the other one contains a guide 
wire. These balloons are available in the sizes 
10 mm, 15 mm and 20 mm. 

There are also two special balloons especially 
suited for targeted local reduction of fractures 
(KyphX® Exact™) or where an large reduction is 
necessary (KyphX® Elevate™). The shaft length of 
KyphX® Exact™ is 257 mm and of KyphX® Elevate™ 
265 mm, both measured without the balloon.

The capacity for contrast medium of every bal-
loon is limited, as is the maximum applicable pres-
sure. Table 4 gives an overview of the maximum 
volume and maximum possible pressure for each 
type of balloon. 

A pressure syringe is necessary for filling the bal-
loon. The in-line pressure gauge can indicate the 
pressure within the balloon in psi (pounds/inch2)
and in atm (atmosphere). 

Table 4. Balloon sizes, volume, and maximum pressure

Length Maximum 
content

Maximum 
pressure

KyphX Xpander® 20 mm 6 ml 400 PSI

KyphX Xpander® 15 mm 4 ml 400 PSI

KyphX Xpander® 10 mm 4 ml 400 PSI

KyphX® Exact™ 10 mm
15 mm 

3 ml
4 ml 

300 PSI
400 PSI

KyphX® Elevate™ 15 mm 4 ml 300 PSI

Fig. 21. a Bonefiller with pestle; b biopsy bonefiller 

Fig. 22. Balloon catheter. a KyphX Xpander ® 20 mm; b KyphX® Elevate™; c KyphX® Exact™

a

b

a

b

c
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Table 5 gives a summary of all the tools and ce-
ment needed to carry out a balloon kyphoplasty on 
a lumbar vertebra. 

Anatomical landmarks and image 
intensifier settings (Figs. 25–27) 

Unlike open surgery, where screws are applied 
transpedicularly at typical points, balloon kypho-
plasty differs in that the IBTs must be placed in an 
optimum position in the middle of the vertebral 
body in order to achieve best possible reduction of 
the vertebral fracture without injuring the lateral 
margins of the vertebral body. 

It is thus necessary to define certain landmarks 
in the image intensifier, which makes operating con-
siderably easier. 

It is important to identify the following land-
marks on the vertebral body, and set the image 
converter accordingly: pedicles, spinous process, 
endplates and the posterior wall. 

The pedicles

It is important to know that the pedicles (pedicle 
rings) visible on the AP image of the image intensi-
fier represent neither the beginning nor the end but 
the narrowest part of the pedicle. Consequently, it 
is important that the primary starting point is chosen 
so that the Jamshidi needle appears to lie outside 
the pedicle ring on the AP view (Figs. 28, 29). It is 
also important that the pedicles are reproduced in 
the upper third of the vertebral body, as this ensures 
that the vertebral body is not tilted in the sagittal 
plane. 

The spinous process

The spinous process must come to lie centrally on 
the AP image. It is for the surgeon to decide wheth-
er to incline the image intensifier or the operating 
table until the spinous process lies in the middle. In 
our experience it is easier to tilt only the image in-
tensifier, particularly if balloon kyphoplasty is being 
performed on several vertebral bodies. The image 
intensifier can be tilted faster and more precisely 
than the operating table. 

The endplates and the posterior wall

Both the endplates and the posterior wall must 
come to lie parallel on the AP and lateral images. 
Only this can ensure that the IBT lies in a perfect 

Fig. 23. a Pressure syringe, b pressure gauge

Fig. 24. Cement mixing set 

Table 5. Complete set of tools for the performance of bal-
loon kyphoplasty on a lumbar vertebra

•  1 basic set of instruments (2 Kirschner wires, 1 hand-
drill with handle) 

•  1 operating cannula (osteointroducer or advanced 
osteointroducer with a spare inlay) 

• 2 x 20 mm kyphoplasty balloons 
• 2 pressure syringes
• 2–4 bonefillers 
• 1 Jamshidi needle
• 1 scalpel 
• 1 Kocher clamp 
• 1 hammer 
• 1 PMMA cement for balloon kyphoplasty 

(e.g. KyphX HV-R) 
• 1 dermal suture 

a

b
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position and that the vertebra is kyphoplastied prop-
erly. A good image of the posterior wall is espe-
cially important, as it must be ensured that the 
working cannula lies ventrally to it in order to avoid 
leaking of cement. 

Special procedures in the case of scoliosis

In a case of scoliotic spine it may well be that an 
orthograde positioning of the spinous process and 
the pedicles is impossible. In these cases the image 
intensifier or the table must be tilted until an ortho-
grade view through the pedicle into the vertebral 
body is possible (so-called en face or pedicle view, 

Fig. 27). If an MRT or CT is available, the inclination 
of the image intensifier or of the operating table can 
be set before the operation, making the intra-opera-
tive setting much easier. 

Starting and end points in lumbar 
transpedicular operations 
Starting point (Figs. 28, 29)

As has been stated above, the starting point, i.e. the 
point where the Jamshidi needle starts to penetrate 
into the pedicle, has to be chosen so that the needle 

Fig. 25. Spine AP – x-ray with optimal projection

Fig. 26. Spine lat – x-ray with an optimal projection 
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is apparently outside the pedicle on the AP image. 
The zones typically chosen in operations of the 
lumbar spine, including the 11th and 12th thoracic 
vertebrae, are on the left-hand side 9 to 11 o’clock, 
and 1 to 3 o’clock on the right-hand side. 

End points (Fig. 30)

To make sure that the Jamshidi needle or any other 
instrument does not perforate the anterior wall of 
the vertebral body or the spinal canal, end points 
must be defined. First it is important that the ap-
propriate instrument, in most cases the Kirschner 

wire, comes to lie approximately 3–4 mm dorsal of 
the anterior wall, or at the transition point 80%:20% 
of the vertebral body (Fig. 30a) on the lateral image. 
The anterior cortical wall cannot always be felt in 
an osteoporotic vertebra, therefore an end point 
based on palpation is not safe enough. 

The Kirschner wire should not go beyond the 
center line, i.e. the spinous process on the AP im-
age; an optimum position is achieved if the Kirsch-
ner wire touches the transition point 80%:20% of 
the vertebral body on the lateral image and just 
touches the spinous process on the AP image 
(Fig. 30b). 

Fig. 27. Diagram and x-ray with an orthograde view through the ipsilateral pedicle (so-called en face or pedicle view image) 

Fig. 28. Starting point of right transpedicular access between 1 and 3 o’clock. The skin incision is 1 cm lateral of this point 
for L1 to L4, and 2 cm lateral for L5

The technique of balloon kyphoplasty 
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Fig. 29. Starting point of left transpedicular access between 9 and 11 o’clock

Fig. 30. Ending points for transpedicular access. a Ending point of the Kirschner wire on the lateral image approximately 
4 mm dorsal of the front edge or at the transition point 80%:20% of the vertebral body. b Ending point of the Kirschner 
wire on the AP image, convergence towards the centre line, which however should not be crossed

a

b
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Starting and end points in thoracic 
extrapedicular operations (Fig. 31)

Although the end point for extrapedicular access 
into the thoracic spine is the same as the end point 
for transpedicular access, the starting point is differ-
ent. Cranial of Th10 a transpedicular access is not 
possible any more because of the size and form of 
the vertebrae, which do not allow the balloon to be 
positioned in an optimum way. When accessing ex-
trapedicularly, the first bone contact is the cranio-

dorsal corner of the end plate, because of the ana-
tomical situation (Fig. 31a), and not the pedicle as in 
transpedicular access. The Jamshidi needle there-
fore has to be orientated towards the respective 
cranial corner of the vertebral body as a starting 
point on the AP image (Fig. 31b). The optimum situ-
ation is that, when touching the corner, the poste-
rior wall has already been reached (more detailed 
instructions are in the chapter on carrying out bal-
loon kyphoplasty). As already mentioned, the end 
point of the Kirschner wire or the balloon is the 

Fig. 31. Starting/ending points of extrapedicular access, a analogue to Fig. 29. b Ending point analogue to Fig. 30b, note 
that the skin incision is carried out 1 cm lateral and 2 cm cranially of the starting point which is located on the lateral upper 
vertebral wall. c Axial presentation of the perforation point of the trailing edge of the vertebral body

a

b c
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same as in transpedicular access, i.e. the maximum 
is the 80%:20% limitation on the lateral image and 
the center line on the AP image (Fig. 31a, b). 

Preparation and positioning of the 
patient 

From our own experience we recommend giving 
patients a laxative on the day preceding the opera-
tion. This ensures optimum presentation of the spine 
in the image intensifier without the overlapping of 
bowel gas, which could have a negative influence 
on an already poor image of an osteoporotic spine. 
Because of the anatomical situation of the venous 
plexus surrounding the vertebra (Figs. 16, 17, Chap-
ter 6), the patient should be placed in a prone posi-
tion so that only the thorax and pelvis rest on the 
table and the abdomen hangs free. This allows 
closed reduction of a fracture and prevents in-
creased bloodflow through the vertebra, which 
could encourage cement or fat embolism. One or 
two image intensifiers, depending on the local situ-
ation, may be used during the operation; we rou-
tinely operate using only one image intensifier which 
can be oriented easily according to the demands. 

Performing balloon kyphoplasty 
The impact of positioning versus balloon 
kyphoplasty on restoration of vertebral 
height

In trauma management, closed reduction of a ver-
tebral facture has been performed for decades. The 
widely reported ligamentotaxis of the anterior and 
posterior longitudinal ligaments helps to restore ver-
tebral congruity. The question therefore arises of 
whether postoperative gain in vertebral height is 
due to the balloon or simply to positioning the pa-
tient in a prone position on the table (Fig. 32, see 
also figures in osteonecrosis chapter).

It is reported in the literature that balloon kypho-
plasty significantly increases vertebral height and 
reduces kyphosis [Ledlie 2003; Lieberman 2001; 
Phillips 2003], but there are also reports of signifi-
cant reduction of kyphosis by positioning alone 
[Faciszewski 2002; McKiernan 2003]. The signifi-signifi-
cant loss of vertebral height after deflation of theof vertebral height after deflation of theof vertebral height after deflation of thevertebral height after deflation of the 
balloon has been reported in comparison with ver-
tebral height with the balloon in situ; nevertheless,; nevertheless,nevertheless,nevertheless, 
overall kyphosis and correction of vertebral height 
was still significantly better after balloon kyphoplas-

ty than after positioning [Voggenreiter 2005]. How-after positioning [Voggenreiter 2005]. How-positioning [Voggenreiter 2005]. How-
ever, those studies did not include osteonecrotic 
fractures, where total collapse of the vertebra may 
cause greater instability of the vertebral bodies and 
therefore theoretically greater collapse of the verte-
bral body after removal of the balloons (see chapter 
on osteonecrosis). 

We therefore analyzed the effects of positioning 
and balloon kyphoplasty in patients with osteone-
crotic fractures (same patient group as in the osteo-
necrosis chapter). The difference between closed 
reduction in the OR and restoration of postopera-
tive height with balloon kyphoplasty is shown in 
Table 6. 

In contrast to other studies, our results showed 
no significant difference between the postoperative 
height correction of the vertebral body and the pri-
mary correction gained by positioning [Voggenreiter 
2005], possibly a consequence of the greater dy-
namic instability in osteonecrotic fractures. Never-
theless, the feared loss of reduction after removal of 
the balloon did not occur. Because of the limited 
number of patients, we performed detailed statisti-
cal analysis including partial eta2 values and found 
a tendency to correction of the mid-vertebral height 
only in the group with osteonecrosis (eta2 0.274). 

In conclusion, we found that closed reduction 
alone significantly reduces vertebral height in pa-
tients with osteonecrosis and that the balloon may 
help to increase the mid-vertebral height.

In our opinion, closed reduction by positioning 
osteonecrosis patients on the OR table allows good 
reduction of the fracture, particularly in these pa-
tients in whom the best result can still be achieved 
with balloon kyphoplasty.

Anesthesiological preparation 

Balloon kyphoplasty can be performed under gen-
eral or local anesthesia. We prefer general anesthe-
sia for multiple levels. Reasons for carrying out bal-
loon kyphoplasty under local anesthesia could be 
that the method is preferred by the surgeon, or that 
general anesthesia is contraindicated, or the medical 
history of the patient rules out general anesthesia. In 
this case however, it should be ensured that the pa-
tient also receives a sedative. Local anesthesia should 
anesthetize the pedicle, i.e. a depot of the local an-
esthetic should be brought directly at the starting 
point into the pedicle. The correct starting point is 
often missed at first, therefore it is advisable to apply 
the anesthetic generously to the pedicle. Further-
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Fig. 32. Female, 66 years, spontaneous onset of pain 4 weeks ago, osteoporotic fracture Th12 with suspicion of osteone-
crosis (a). By positioning in the X-ray department, the kyphotic angle could be reduced from 32° (a) to 21° (b). The vertebra 
clearly shows signs of osteonecrosis

Table 6. Percentage of restored vertebral height (AH anterior height, MH middle height, PH posterior height) during closed 
reduction and after balloon kyphoplasty (ON osteonecrosis, VP vertebra plana without osteonecrosis)

AH – mean MH – mean PH – mean

ON Group (n = 8) – after closed reduction 72.71 SD 7.13 56.42 SD 15.84 74.28 SD 9.96
ON Group – after balloon kyphoplasty 75.71 SD 12.04 71.46 SD 15.32 82.67 SD 11.87
p /eta2 0.49 /0.081 0.183 /0.274 0.26 /0.200 
VP Group (n = 7) – after closed reduction 48.83 SD 25.67 53.00 SD 25.75 72.00 SD 21.53
VP Group – after balloon kyphoplasty 58.54 SD 17.91 53.26 SD 14.27 75.72 SD 12.01
p /eta2 0.50 /0.094 0.995 /0.000 0.78 /0.017 

more, it can also be necessary to introduce a depot 
of local anesthetic into the vertebra itself before in-
flating the balloon, as this can be painful. 

Lumbar transpedicular access

Transpedicular access is suitable for kyphoplasting 
vertebrae Th10 to L5. Depending on the size of the 

patient and of the pedicles, it may be that extrape-
dicular access must be chosen in the area of Th10. 

After positioning the patient in the appropriate 
manner, the image intensifier should be set for an 
AP image, and the typical point for penetration into 
the pedicle should be marked on the surface of the 
skin. Because of the convergence of the pedicles, 
the incision in the area of Th12 to L4 should be 
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1 cm lateral of the typical starting point into the 
pedicle (Figs. 28, 29). An exact skin incision is very 
important as this determines proper convergence of 
the Jamshidi needle towards the pedicle and also 
ensures that the surrounding muscular and soft tis-
sues do not divert the Jamshidi needle during the 
control image. With obese patients it is advisable to 
hold the Jamshidi needle with an instrument during 
the image intensifier control. 

After situating the Jamshidi needle properly at 
the starting point into the pedicle on the AP image, 

the pedicle should be slightly perforated and the 
Jamshidi needle advanced a few millimeters into the 
pedicle. 

A lateral image is then taken with the image in-
tensifier (Fig. 33a). This enables orientation of the 
Jamshidi needle, depending on the kind of fracture. 
In normal wedge-shaped vertebrae it is recommend-
ed that the Jamshidi needle is aligned parallel to the 
deck plate, in concave fractures in the middle, and 
in fractures of the basal lamina in the direction of 
the basal lamina (Fig. 33b–d). Normally, it should 

Fig. 33. Introduction of the Jamshidi needle and the operating cannula (osteointroducer). a Starting point of the Jamshidi 
needle on the lateral view. b–d The cranial-caudal orientation of the Jamshidi needle has to be adapted according to the 
type of fracture. b Fracture type A1.2.1. c Fracture type A1.2.3. d Fracture type A1.3. e Ending point of the Jamshidi needle 
with a slight perforation of the posterior wall on the lateral view. f Ending point of the Jamshidi needle on the AP view. The 
medial limitation of the pedicle ring should not be exceeded. g Ending point of the operating cannula at least 2–3 mm 
ventrally of the posterior wall of the vertebral body. h Biopsy with bonefiller. i Preparing the cannula for the balloon 

g

h i
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now be possible to introduce the Jamshidi needle 
without problems transpedicularly in the already 
pre-determined direction up to the posterior wall, 
purely by palpation and without an image intensifier 
control. The first osseous resistance is where the tip 
of the Jamshidi needle has reached the posterior 
wall (Fig. 33e). Contrary to common belief, the ped-
icle is not continuously open into the vertebra. As a 
result of embryonic development, the posterior wall 
is usually readily palpable even in the transpedicular 
approach. In practical terms this means, bearing in 
mind the radiological protection of the patient and 
the operation team, that for transpedicular introduc-
tion of the Jamshidi needle there is no necessity for 
an image intensifier control before a hard resistance 
is felt. The optimum situation is that when this hard 
resistance is felt, the needle has already reached the 
posterior wall. If this is not the case, the AP and 
lateral positions have to be corrected accordingly. It 
is sufficient to perforate the posterior wall only 1–
2 mm with the Jamshidi needle. If the needle is po-
sitioned in an optimum way, it should not exceed 
the medial limitation of the pedicle on the AP image 
(Fig. 33f). At this point it is still easy to correct the 
position of the Kirschner wire, which, unlike the 
working cannula, causes much less damage to the 
posterior wall in case of misplacement (Fig. 36). 
Now the blunt Kirschner wire is advanced through 
the Jamshidi needle; the pointed Kirschner wire 
which is also delivered in the balloon kyphoplasty 
set is more suited for young patients with hard bone. 
The Kirschner wire allows simulation of the end 
point of the balloon, as described above (Fig. 30a, 
b). It is important to record the end position of the 
Kirschner wire on both AP and lateral images and, 
in case it lies too medial or too lateral, to correct the 
position either by inserting the Jamshidi needle anew 
or, as we do in our clinic, by changing the orienta-
tion of the working cannula. 

Once the Kirschner wire has been brought into 
the proper position the Jamshidi needle can be re-
moved and the working cannula introduced (the 
regular working cannula for normal osteoporotic 
fractures or the advanced osteointroducer for young 
patients). It must be ensured, particularly in the case 
of osteoporosis or of correction of the angle of the 
working cannula that the Kirschner wire is pulled 
backwards of the vertebral body to avoid anterior 
perforation during working channel insertion. 

The working cannula is driven in transpedicularly 
until it comes to lie about 3 mm ventrally of the 
posterior wall of the vertebra (Fig. 33g). This ensures 

that the working cannula is fixed in the posterior 
wall and that leakage of cement is impossible. 

It is important that once the working cannula has 
been brought into the posterior wall its position 
should not be changed again. If the cannula is re-
moved or moved accidentally, there is a risk of cre-
ating a second hole in the posterior wall when po-
sitioning it anew. If the pedicle has been perforated 
at the transition point of the pedicle to the posterior 
wall with the first hole, there is a high risk of cement 
leaking into the spinal canal. Therefore the working 
cannula should not be removed from the posterior 
wall of the vertebra, even if it is not in a 100% op-
timal position.

At this stage a transpedicular biopsy can be tak-
en, either with the biopsy instrument or with the 
bone filler (Fig. 33h). If the vertebral body is very 
hard it may be necessary to drill a canal for the bal-
loon with a hand-drill instead of carrying out the 
biopsy. When taking the biopsy, care should be 
taken not to perforate the anterior wall.

After carrying out the biopsy or the drilling, the 
bone canal must be smoothed by repeatedly bring-
ing in a bone filler which is equipped with a pestle. 
This is to avoid pointed edges in the bone, as these 
could perforate the balloon when it is being inflated 
(Fig. 33i). 

After smoothing the canal in the vertebral body, 
a balloon chosen according to the size of the verte-
bral body can be introduced. Both balloons should 
be introduced and inflated simultaneously. As an 
optimum, the balloon should come to lie in the 
middle of the vertebral body and with both mark-
ings outside the working cannula (Fig. 34). The pres-
sure syringe is then brought into the 0 ml position 
by applying pressure to the handle. The pressure 
gauge is turned on with the green button on the 
LCD box, and then the units can be changed from 
atm to psi with the blue button (Fig. 23b). It is advis-
able to carry out the balloon kyphoplasty using the 
psi scale as this is divided into smaller units and is 
thus more sensitive. Now, by turning the handle 360 
degrees clockwise for each 0.5 ml, the contrast me-
dium can be brought into the balloon. 

Note: It is advisable to use an iodine contrast 
medium as visualization in the image intensifier is 
much better. However, if the patient suffers from 
iodine allergy it is advisable to add undiluted gado-
linium to the balloon. 

The balloon should be inflated with a pressure of 
approx. 50 psi. After that the guide wire (Fig. 22) 
may be removed. This ensures that the balloon 
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Fig. 34. Non-inflated balloons in the vertebra, both markings of the balloons must lie outside of the operating cannula. a,
b Ending points of the balloons, the balloons should not perforate any cortical substance, neither on the AP (a), nor on the 
lateral (b) view. c The removal of the balloons leaves an extensive cavity in the vertebra

a

b

c

a

b
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keeps its original form and situation. The reason for 
removing the guide wire is to allow the balloon to 
expand without hindrance in the direction of the 
lowest bone resistance. This maneuver is not neces-
sary when using the Exact or the Elevator balloon. 
After removing the guide wire the balloon can be 
inflated to the required size. It is advisable to carry 
out an AP image intensifier control after bringing 
1 ml of contrast medium into the balloon in order 
to ensure that neither balloon perforates the cortical 
substance laterally. 

The inflation of the balloon is continued until 
either the maximum amount of contrast medium has 

been introduced, the maximum pressure within the 
balloon has been reached (see Table 4), or the end-
plates or the lateral vertebral body walls are touched 
(Fig. 34a, b). The volume of medium brought into the 
balloon may be determined from the graduation 
marks on the pressure syringe; the amount of ce-
ment may be deduced from the volume of the bal-
loon. Removal of the balloons often leaves a clearly 
visible cavity in the vertebra (Fig. 34c). 

The cement can now be introduced into the ver-
tebral body. It is advisable to keep the balloons 
within the vertebral body until the cement has 
reached the appropriate viscosity (Fig. 41). This en-

a b

Fig. 35. Retrograde filling of the vertebral body with bonefiller; it has to be kept in position during the filling process. a, b
Filling the vertebral body with a sufficient amount of cement (here 3 ml on both sides), which is firmly connected with the 
spongiosa
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Fig. 36. Indications of potential incorrect positions (see text). a Proper position of the Jamshidi needle on the lateral view; 
b proper position of the Jamshidi needle on the AP view; c medial perforation; d operating cannula too lateral

b

c

a
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sures that no additional blood or fat is pressed into 
the blood circulation as the result of injecting the 
cement. The balloons must be emptied completely 
by squeezing the handle and drawing it back. It is 
advisable to hold the working cannula with one 
hand while withdrawing the balloon so that it can-
not be dislocated from the pedicle. 

If this does happen, the working cannula should 
calmly be applied to the vertebra body again, ac-
cording to the above procedure. It is better to dis-
card a packet of cement than to risk having the 
working cannula lying in the wrong position. 

After the removal of the balloons, the bone fillers 
must be brought into the working cannula. At this 
point the graduation marks are helpful (Fig. 21). The 
first thick graduation line on the bone filler indicates 
that it has not yet left the working cannula. The 
bone filler is marked with one, two or three further 
lines which correspond to the depth of its penetra-
tion into the vertebral body after leaving the work-
ing cannula. It is usually safe to drive the bone filler 
two lines deep into the vertebral body, even without 
an image intensifier control. 

The bone filler should be introduced at least two 
graduation lines deep into the vertebral body. It is 
advisable to bring in both bone fillers and, under 
continuous image intensifier control, to first fill one 
side then the other with cement. This ensures that 
in case of cement leakage, it can be related to a 
specific side. 

The bone filler should be left in its anterior posi-
tion to ensure retrograde homogeneous filling of the 
vertebral body (Fig. 35). The maximum amount of 
cement usually corresponds with the maximum vol-
ume in the balloon, but in cases where additional 
filling is necessary, an additional 0.5 ml of cement 
can be applied per pedicle; however, it is necessary 
to monitor this additional filling closely. 

After the vertebral body has been filled with the 
required quantity of cement on both sides, both 
bone fillers should be drawn back to the first line in 
order to avoid the cement being pulled out along 
with the bone filler into the pedicle. The bone filler 
should be left in this position in the bone until the 
cement has hardened. 

A final AP and lateral image completes the intra-
operative documentation (Fig. 35a, b).

Further special techniques, such as the egg shell 
technique, are explained in Chapter 9.

Extrapedicular access 

In the extrapedicular approach the incision of the 
skin is in a different place from that in the transpe-
dicular approach (Fig. 31b). The optimal incision of 
the skin is 1 cm lateral and 2 cm proximal of the 
starting point, i.e. of the lateral endplate corner. It 
should then be possible to introduce the Jamshidi 
needle into the vertebral body between the rib and 
the transverse process without resistance up to the 
posterior wall (Fig. 31a, c). However, because of the 
anatomical situation, it is possible that the canal 
between the rib and the transverse process is so 
narrow that the Jamshidi needle cannot be driven in 
without using a hammer. The same applies for facet 
joint arthritis. This is not dangerous if, with an opti-
mal incision, the needle is led towards the corner of 
the vertebral body on the AP image. Under all cir-
cumstances the Jamshidi needle must not be intro-
duced into the vertebral body below the pedicle on 
the lateral x-ray, because the nerve root and seg-
mental vessels run here. 

Extrapedicular access requires a little more prac-
tice than transpedicular access; however, it is just as 
safe as transpedicular access if the needle is di-
rected at the lateral vertebral corner.

After perforating the posterior wall of the verte-
bra with the Jamshidi needle by 1 to 2 mm, the in-
troduction of the Kirschner wire, the following of 
image intensifier controls and the further steps of 
the operation should be performed according to the 
transpedicular approach. 

Fig. 37. Schematic axial view of a transcostovertebrally in-
troduced balloon kyphoplasty balloon. Increased conver-
gence allows a central position of each individual balloon
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Fig. 38. Anatomy of the middle thoracic spine. a Note the proximity of the vertebra to the big thoracic vessels, to the 
pleura and to the lungs. b An introduction of the Jamshidi needle beneath the pedicle endangers the corresponding spinal 
nerves 

a b

In the extrapedicular approach, the Kirschner 
wire may cross the spinous process on the AP im-
age. This happens if the Kirschner wire or the Jam-
shidi needle converge too much, and the balloon is 
brought too far towards the center of the vertebral 
body (Fig. 37). This is not as important here as it is 
in transpedicular access, as the entrance point is 
lateral of the pedicle anyway (Fig. 31c). However, it 
could prove impossible to introduce the second bal-
loon; in this case we leave the primary balloon in 
situ and perform balloon kyphoplasty with only one 
balloon. 

Malpositioning of the working cannula 
(Figs. 36, 37) 

In principle, lateral and medial malpositions of the 
osteointroducer have to be avoided because there is 
a danger of perforating the pedicle or the lateral 
vertebral body wall. It is therefore necessary to de-
tect any danger of malpositioning immediately after 
introducing the Jamshidi needle. If wrong position-

ing is suspected, an image-intensifier image should 
be made in the AP view when the Jamshidi needle 
has approximately reached the middle of the pedi-
cle on the lateral image (Fig. 36a). In ideal position-
ing, the tip of the needle should lie approximately 
in the middle of the pedicle (Fig. 36b) on the AP 
image; however, if the needle has already reached 
the medial limitation of the pedicle ring (Fig. 33f) 
there is a danger of perforating the pedicle medially 
(Fig. 36c). If, however, on the AP image the needle 
is close to the starting point, the working cannula 
(osteointroducer) is most likely to lie too far laterally 
(Fig. 36d). A too lateral position does not always 
have to be corrected, though in this case care has 
to be taken when inflating the balloon, in order not 
to perforate the lateral vertebral body wall. 

There is also the danger of injuring the surround-
ing anatomical structures when accessing extrape-
dicularly (Fig. 38a, b). If the Jamshidi needle enters 
too far sagittally it can injure the pleura and the 
lungs, and a ventral perforation can injure the big 
thoracic vessels. An entrance below the pedicle or 
a cranial orientation endangers the spinal nerves 
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and the intercostal vessels. Therefore it is absolutely 
necessary to make an exact skin incision and to 
orientate the needle exactly towards the upper lat-
eral limitation of the vertebral body. 
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High thoracic approach

B. Boszczyk

The transpedicular route has become popular for 
VP under fluoroscopic guidance [Lin 2001]. The KP 
working cannula however, through which the bal-
loon is passed, has a large diameter of 4,2 mm, 
which is only inconsistently suitable for pedicles of 
the upper thoracic vertebrae which have a reported 
width of 2,5–7 mm (average 4,5–5 mm) between 
T4–T6 [Zindrick 1987]. These vertebrae consistently 
have the most slender pedicles of the thoracic spine 
[McLain 2002; Tan 2004; Zindrick 1987] and the 
percentage of vertebrae with a pedicle width of less 
than 4,5 mm is given as 33% for T4, 25% for T5 and 
17% for T6 in Caucasians [McLain 2002]. In Asian 
populations a transpedicular route for KP may be 
unsuitable altogether at certain levels (average width 
of ~4 mm at T4–T6 in Singaporean Chinese [Tan 
2004]). The strong sagittal alignment of upper tho-
racic pedicles and the relatively small size of the 
vertebral bodies further increase the difficulty of 
achieving sufficient tool convergence for central 
balloon placement. While needle placement in VP 
is somewhat less crucial for the success of the pro-
cedure, as cement flow will often distribute suffi-
ciently from an excentric placement, the desired 
effect of vertebral body height increase in KP is 
dependent upon relatively central expansion of the 
balloon under the endplate.

The patient is positioned prone on cushions and 
the affected vertebral body is localised with bipla-
nar fluoroscopy. For high thoracic procedures it is 
advisable to keep the arms adducted next to the 
body with a bolster placed under the sternum, to 
allow the shoulders to drop forward and out of the 
path of the fluoroscopy beam. The anterior-posterior 
(ap) view is adjusted with the spinous process of the 
targeted vertebral body in the exact midline, end-
plates parallel and pedicles placed symmetrically in 
the upper lateral quadrant of the projection of the 
vertebral body. The lateral (lat) view is adjusted with 
pedicles superimposed, endplates parallel and the 
posterior wall aligned with a single contour. After 
draping, the costal angle associated with the tar-
geted vertebral body is localised in the ap view and 
a transverse stab incision is placed immediately su-
perior to its cranial border. A bone biopsy needle is 
introduced from craniolateral towards the costover-
tebral joint. Contact is made with the neck of the 
rib or the transverse process. Ideally, the needle is 
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Fig. 39. Pathological fracture of T2 with metastasis of a cervix carcinoma of a 52-year-old patient with a disseminated me-
tastasis [Boszczyk et al. 2005]. The preoperative computer tomography shows the vertebral collapse on the transversal (a), 
frontal (b), and sagittal (c) reconstruction 

a b

c

High thoracic approach

then slid along the neck of the rib, passing under the 
transverse process and penetrating the ligament 
complex of the costovertebral joint until the lateral 
pedicle wall is reached (Fig. 39a–c). In the fluoro-
scopic ap view the tip of the needle should be 
projected at the craniolateral border of the targeted 
pedicle cortex. In the corresponding lat view, the tip 
of the needle should be projected between the su-
perior and inferior border of the pedicle, anterior to 
the facet joints and close to the base of the pedicle. 
A projection of the tip of the needle posterior to the 
facet joint indicates placement on the transverse 
process – in this case a more cranial starting point 
should enable the needle to pass under the trans-
verse process along the neck of the rib. Once the 
needle is correctly placed (Fig. 39), it is tapped 
through the lateral pedicle cortex. Before passing 
the posterior vertebral wall into the vertebral body 
in the lat view, the tip of the needle should be 

verified within the pedicle ring on the ap view. Only 
after having passed the posterior vertebral wall on 
the lat view may the tip of the needle cross the 
medial pedicle wall in the ap view. Strict adherence 
to these landmarks is mandatory for the avoidance 
of spinal perforation. A guide wire is now placed 
through the biopsy needle, which serves to direct 
the KP working cannula along the same track. The 
KP balloon is then placed convergently into the ver-
tebral body, close to the anterior cortex (Fig. 40). 
Balloon inflation and cement augmentation do not 
differ from the transpedicular technique [Boszczyk 
2005]. After cement augmentation has been com-
pleted, the working cannula is withdrawn and the 
stab incision is closed with a single suture. The in-
stillation of 2 ml of local anaesthetic into the can-
nula, as it is withdrawn, can help alleviate postop-
erative discomfort from mechanical irritation of the 
costovertebral joint.
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Fig. 40. Same patient as in Fig. 38. The intraoperative X-ray shows the central position of the balloon on the AP view (a)
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Instructions for preparation of the 
cement 

S. Becker 

Cement leakage has to be avoided in all spinal percu-
taneous augmentation methods. The risk of leakage is 
greater the more liquid the cement, i.e. the lower its 
viscosity, therefore the cement used in kyphoplasty 
has to have a certain consistency. We use the PMMA 
cement KyphX® HV-R (Kyphon, Sunnyvale, USA) for 
balloon kyphoplastic surgery. The instructions given 
in the following refer to this cement; if other cements 
are used, the corresponding instructions given by the 
manufacturers should be observed. 

Depending on the level of training and experi-
ence of the surgeon, preparation of the cement can 
be carried out in such a manner that it has the op-
timal consistency precisely when all instruments 
have been brought in into the vertebral body, and 
the vertebral body has been restored by the kypho-
plasty balloons. Beginners are advised to mix the 
cement a little later, and to first calmly restore the 
vertebra, instead of being concerned about early 
hardening of the cement and thus possibly ignoring 
certain safety guidelines. 

The cement is mixed from two compounds in 
the usual manner, and can be applied directly to the 
bone filler device. A bone filler contains 1.5 ml of 
cement; the total amount of the cement to be ap-
plied is determined by the maximum volume of the 
kyphoplasty balloon. The cement has the right con-
sistency as soon as it no longer drips from the sy-
ringe or the bone filler (Fig. 41). For loading bone 
fillers, it has proven to be practical to fill a 2 ml 
syringe for each device. It is easier to use a 2 ml 
syringe, especially for refilling a bone filler, than us-
ing a syringe with a larger volume. Another tip for 
the consistency of the cement: it has optimal con-

sistency to be brought into the vertebral body when 
it is like chewing gum and no longer sticks to the 
operation glove. 

The cement usually reaches optimal consistency 
8–9 minutes after mixing, and can be applied with-
in the next 6 minutes. After that the cement be-
comes so hard that it cannot be brought into the 
bone through the bone filler, and after a total of 19 
to 20 minutes the cement (KyphX® HV-R) has 
reached its final hardness. 

If required, a KyphX® cement-mixing instrument 
can be used to mix the cement (Fig. 24); this allows 
several bone fillers to be loaded, and at the same 
time the exposure of the operation team to cement 
monomers and solvents is reduced. However, if the 
mixer is used, the cement hardening time is reduced 
and therefore application time limited.

Fig. 41. Optimal consistency of the cement before filling the 
cavity with the bonefiller 

Instructions for preparation of the cement 
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Fig. 42. Drawing of the image intensifier setting for percutaneous balloon kyphoplasty with biplanar screening; view from 
the side (a) view from above (b). Surgeon and assistant are standing to the side of the patient, the anesthesist is at the head 
end, and the instruments are handed from the foot

Radiation exposure

B. Boszczyk and M. Bierschneider

Exposure time (ET) is almost always longer in the lat 
view due to the monitoring of PMMA injection, 
which relies heavily on the lat view for recognising 
even minimal epidural or paravertebral venous leak-
age. In an investigation on 60 patients an average 
ETlat of 2,2 min was required in cases treated for 
single levels [Boszczyk 2006] (Fig. 42). When treat-
ing multiple level cases, the ETlat per level was re-
duced to 1,7 min per level. This finding is due to the 
considerable imaging overlap between adjacent lev-
els. Up to three adjacent vertebrae can ideally be 
visualised with the same C-arm setting, occasionally 
allowing simultaneous PMMA injection.

The addition of ETap and ETlat to a total ET per 
treated level or case is not rational from a dosi-
metrical standpoint as they relate to different pro-
jections. Nevertheless, total ET per level provides 
the clinician with a rough guideline as to the amount 
of radiation that is “used” and may allow an – ac-
knowledgeably unscientific – comparison between 
different operative set-ups and techniques. With this 
restriction in mind, average total ET per level in 
single fracture cases was 3,8 min (range 1,1–6,6 min). 
In multiple level cases, the average total ET per 
level was 2,8 min (range 1,1–4,5 min). Correspond-
ing total ET per level in multiple level VP cases 
(average 4,25 vertebrae per session) by Harstall et 

al. [2004] was slightly lower with 2,2 min. This may 
reflect the greater technical demand of KP over VP 
during tool introduction and balloon inflation. Al-
though the risk/benefit ratio of the techniques will 
need to be clarified through comparative studies, it 
is unlikely that such a minor difference in ET will be 
found to be of any clinical significance.

The calculated entrance skin dose (ESD) values 
of the above patients 3 shows that the 2 Gy thresh-
old to early transient erythema [Wagner 1994] was 
not reached in either plane. Correspondingly, no 
signs of erythema developed in any of the patients. 
ESDap was well within the safety limit with an aver-
age of 0,23 Gy and even the maximum value only 
reaching 0,86 Gy. ESDlat is of greater concern, as the 
average value reached 0,68 Gy and the maximum 
value rose to 1,43 Gy. The latter value was obtained 
in a patient treated for two adjacent vertebral frac-
tures (L1, L2) with an ETlat of 3,6 minutes. In cases 
that are difficult to visualise (e.g. pre-existing scolio-
sis) or that require continuous live fluoroscopy dur-
ing PMMA injection due to complex pathology (e.
g. posterior wall disruption or osteolysis) it is con-
ceivable that ETlat could reach levels of concern. 
The use of a larger C-arm, would hereby markedly 
reduce ESD, as skin exposure drops along an in-
verse second order function with increased skin to 
focus distance.

Effective dose (E) values were found to reach an 
average of 4,28 mSv. The lifetime risk of developing 
a cancer after a single KP procedure is theoretically 

a b
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increased by 0,02–0,06%. These values are to be 
seen in relation to a baseline of 20–25% cause of 
death from cancer in the Western European popula-
tion. This 20–25% lifetime risk of developing a fatal 
cancer is therefore theoretically increased by 0,02% 
for the mean E value of 4,28 mSv and by 0,05% for 
the maximum E value of 10,14 mSv after a single KP 
procedure. In the estimated worst case of E ~40 mSv 
the risk would increase by 0,2%. Although low, the 
risks of developing an early transient erythema or a 
cancer cannot to be totally disregarded. All attempts 
should therefore be made to control and minimise 
dose to the patient (see below).

Fluoroscopic guidance allows KP to be per-
formed in the operating theatre with the advantage 
of optimal sterility and the option of operative inter-
vention in the event of complications. Although 
data for comparison is lacking, it is unlikely that 
comparable fractures could be treated with lesser 
E-values through CT guided KP as repeated scan-
ning and additional fluoroscopy during PMMA in-
jection is usually necessary. It therefore appears 
justifiable to reserve CT guided KP for fractures with 
very poor visualisation, such as occasionally occur 
in the upper thoracic spine or in metastatic disease 
with extensive vertebral osteolysis.

Exposure is directed by the surgeon via foot ped-
als. As the entire finesse of the procedure is in the 
hands of the surgeon, this is the only way of opti-
mising fluoroscopy exposure without endangering 
the patient and hampering the flow of the opera-
tion. It is highly doubtful, whether exposure guided 
by a radiology technician would have been able to 
achieve comparable values and would in any way 
have contributed positively to the success of the 
procedure.

A reduction of ET can be achieved through 
pulsed imaging. The concern of missing PMMA 
leakage however usually prompts surgeons to use 
non-pulsed imaging in short bursts. Nevertheless, 
pulsed imaging should be used where justifiable 
(e.g. for tool introduction). Studies will need to be 
directed towards comparing the risk of PMMA leak-
age in pulsed and non-pulsed imaging before for-

mulating recommendations in this regard. Although 
employing adjustable diaphragms would reduce E, 
they are usually not used as the entire circumfer-
ence of the vertebral body must remain well visu-
alised during PMMA injection in order to detect any 
prevertebral venous leakage that could lead to pul-
monary embolism. Further technical measures to 
reduce patient dose in KP include operating the 
fluoroscopes at the highest level of image intensifier 
sensitivity, which is acceptable for this intervention. 
The most suitable characteristic curve should be 
selected to govern the control mode of the auto-
matic brightness control unit. With regard to patient 
dose, characteristic curves are preferable, which in-
crease tube voltage to enhance the x-ray output, 
compensating for increased patient thickness. Use 
should be made of the lock-in switch once the au-
tomatic brightness control unit has established tube 
voltage and tube current according to patient thick-
ness. This measure prevents readjustment of x-ray 
output towards higher values, when contrast media 
and tools enter the x-ray beam. C-arms with large 
spans should be used and the patient should be 
positioned as close to the image intensifier as prac-
tically possible. This mainly helps to reduce ESD. 
Finally, the fluoroscopes should be regularly in-
spected, to ensure their proper function and the 
operating team should be familiar with the control 
mode of the automatic brightness control unit and 
the consequences of this device for patient dose 
and image quality.
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During recent years kyphoplasty has gained increas-
ing importance in the treatment of osteoporotic ver-
tebral body fractures. In addition to the pain-reliev-
ing effect, the possibility of reducing the fracture 
and thus preserving the spinal alignment is advanta-
geous. Patients with these fractures often suffer from 
chronic pain, as well as the acute pain, because of 
the increasing kyphotic condition of the vertebral 
body and the resulting deviation of the spine. The 
change in spinal alignment correlates with restricted 
mobility and loss of quality of life, leading to the 
increased mortality rate following vertebral body 
fractures [Lyles 1993]. Furthermore, these parame-
ters get progressively worse, with an increasing 
number of vertebrae affected and the resulting in-
crease of the positional failure [Ross 1997]. It would 
be invaluable for those affected if this development 
could not only be stopped but even reversed with 
minimally invasive technology causing little stress to 
the patients. Kyphoplasty claims to already fulfil 
many features of such a technology. The impression 
given by individual articles on the clinical results of 
kyphoplasty is extremely positive, though because 
of the large number of recently published articles it 
is easy to lose track. The following questions arise: 

– How do the published results look if they are 
brought together systematically? 

– How must the results of kyphoplasty be judged 
in comparison with vertebroplasty? 

– Does kyphoplasty really fulfil the requirement to 
durably improve the position of the sintered ver-
tebral body? 

– And if so, is there a measurable advantage for 
the patient? 

– What problems and complications arise during 
the time following an initially successful kypho-
plasty? 

– In particular, how do adjacent segments and fur-
ther vertebral bodies react? 

This chapter will try to find answers to these 
questions on the basis of published data and will 
evaluate the current clinical standing of kyphoplas-
ty. 

Materials and methods 

Published clinical data on kyphoplasty were system-
atically analyzed and relevant parameters were 
compared with data on vertebroplasty. The sources 
used were Medline, The Cochrane Library and Cur-
rent Contents, in which articles containing the key-
words “vertebroplasty” and “kyphoplasty” were 
searched as of November 1, 2004. A total of 530 
articles were identified. After excluding biomechan-
ical studies, review articles, editorials, articles in 
languages other than English, French, German or 
Spanish, 44 articles on vertebroplasty and 19 on 
kyphoplasty remained for further evaluation [Ber-
lemann 2004; Coumans 2003; Crandall 2004; Dar-
ius 2003; Dudeney 2002; Fourney 2003; Fribourg 
2004; Harrop 2004; Hillmeier 2004a, b; Kornp 
2004; Lane 2004; Ledlie 2003; Lieberman 2001; 
Phillips 2003; Rhyne 2004; Theodorou 2002; Weiss-
kopf 2003; Wilhelm 2003]. These were assessed by 
at least two reviewers using a modified version of 
the quality assessment tool of Downs and Black 
[Downs 1998]. This tool contains all the criteria for 
assessment of scientific work used by the leading 
institutions and agencies in this field; e.g. the Agen-
cy for Healthcare Research and Quality (AHRQ), 
the Cochrane Collaboration Back Review Group 
and the NHS R&D Health Technology Assessment 
Program. Various criteria were evaluated and indi-
vidually awarded points; a maximum total score of 
29 points was possible. The morphological data and 
results described in the articles were summarized 
and evaluated according to the following sub-
points: 

Chapter 8 
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– Pain relief
– General health
– Improvements in function
– Satisfaction with treatment
– Repositioning of kyphosis
– Complications (especially cement extrusions)
– New fractures

Not every article dealt with each sub-point, there-
fore the number of cases that could be evaluated 
was reduced accordingly in some articles. 

Results 

The quality of the evaluated work differed very 
much. The average rating of the articles was 16.6 
points out of a possible 29 (standard deviation 3.9, 
range 6.5–23.5). Eleven of the 19 kyphoplasty arti-
cles were prospective studies. None of the studies 
fulfilled the criteria for randomization and only a 
few included a control group. In total, the results of 
887 patients in 1624 kyphoplasties are described in 
the 19 articles. The average age of the patients was 
71 (mean range 63.5–76), 65% of the patients were 
women, and 60% of the kyphoplasties were in the 
thoracic-lumbar region TV11–LV2. 

The cited comparison data were taken from eval-
uation of 44 articles on vertebroplasty. These dealt 
with the treatment of 4827 vertebral bodies in 3325 
patients. The demographic data were similar to 
those for the kyphoplasty group.

Pain relief 

The proportion of patients who experienced pain 
relief after kyphoplasty was very high at 91% (95% 
confidence interval (CI) 93–99%), slightly higher 
than after vertebroplasty (86%, 77–95%). Pain relief 
was typically experienced very early, either imme-
diately after the operation or within a few days. The 
VAS decreased from 7.25 (95% CI ± 0.55) to 3.2 
(95% CI ± 0.69), roughly corresponding with the 
results for vertebroplasty. Only three studies also 
reported SF-36 scores; in these the value for pain 
dropped by 22.4 points to 47.1 and the value for 
function dropped by 17.2 points to 29.3. No differ-
ences could be shown in the areas of general or 
mental health. 

Correction of kyphosis

The measurement and description of kyphosis cor-
rection is very inhomogeneous. Some studies mea-
sure the absolute height of the treated vertebral 

body, some express the height in relation to height 
before treatment or in relation to the adjacent ver-
tebra. The percentage improvement varies from 
12.9% to 47%. The degree of the kyphosis correc-
tion is also described very inhomogeneously, add-
ing to the wide range of results which vary from 
15.1% to 50.2%. Table 7 shows the results of the 
individual articles. A good third of the treatments 
did not show any visible repositioning of the verte-
bra, i.e. the alteration was less than 5° and thus lay 
within the area of the measuring error. Varying re-
sults are described for the loss of the repositioning: 
in some cases practically no recurrence of kyphosis 
is described, whereas Hillmeier describes losses of 
up to 44% of the initial gain in height [Hillmeier 
2004b].

Almost no details are given on the success of 
repositioning in vertebroplasty. Some of the articles 
describe a subgroup of “mobile fractures” that 
achieve similar repositioning results to kyphoplasty 
by positioning the patient properly [Jang 2003; Lee 
2004; McKiernan 2003]. The rate of the “failures,” 
i.e. the cases without certain repositioning (< 5°), is 
also of interest and varied from 22.2% to 89% of 
kyphoplasty cases, with a corresponding rate of 
28.5% to 64.6% for vertebroplasty.

Complications 

The rate of clinically relevant complications reached 
1% of the treated vertebral bodies in kyphoplasty 
and 2.7% in vertebroplasty. However, problems in 
placing the instruments must be distinguished from 
problems of cement extrusion from the vertebral 
body. The rate of extrusions was 8.5% (CI 1.6–
15.3%) for kyphoplasty but 36.8% for vertebroplas-
ty (CI 27.7–46%). Nevertheless, most of these extru-
sions were clinically asymptomatic and the rate of 
serious problems remains low, e.g. the risk of pul-
monary embolism is 0.01% in kyphoplasty and 
0.6% in vertebroplasty. 

New fractures 

Nine clinical studies on kyphoplasty and 13 on ver-
tebroplasty gave information on the occurrence of 
new fractures. However, because of varying course 
durations, exact calculation of the rate per time unit 
was practically impossible and therefore any signifi-
cant difference between the two techniques could 
not be seen from the data. Nevertheless, it can be 
stated that 60–67% of the new fractures occurred 
directly next to an augmented vertebra and that 
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Table 7. Balloon kyphoplasty – reduction of the vertebral body height and kyphosis 

Study Duration of 
symptoms 
(months) 

Number of 
vertebral 
bodies 

Patients with 
no change of 
kyphosis (%)

Middle range 
improved (%)  
[method‡]

Reduction of kyphosis 

Correction 
(%) 

Pre-Op 
angle 
(degree) 

Post-Op 
angle 
(degree)

Berlemann 
et al. 2004 

1
(2–180 days)

27 
(mobil)

22.2 – 47.7 17 ± 6.6 9 ± 5

Crandall 
et al. 2004

< 10 weeks
> 4 months

40
46 
(MRI)

8
20 

28 [4] 
23 [4] 

47 
33 

15 
15 

8
10

Darius 
et al. 2003 

– 8 – – 34 – –

Dudeney 
et al. 2002  

11 
(0.5–24) 

39 
(MRI)

31 34 [3] – – –

Fourney 
et al. 2003 

3.2†
(0.25–26) 

37 
(MRI)

– 42 ± 21 [3] 16 25.7 ± 9.7 20 ± 8.7

Hillmeier 
et al. 2004a 

all 
(a) < 4 wk 
(b) > 4 wk 

173 
(a) 20 
(b) 153 

50 (0–10%) Mean = 10.3 
(a) 20 [4]
(b) 9 [4]

– – –

Hillmeier 
et al. 2004b (a) < 4 wk 

(b) > 4 wk 

192 
(a) 20 
(b) 172 

– Mean = 10 
(a) 18 [4]
(b) 9 [4]2

– – –

Lane 
et al. 2004 

> 3 (90%) 46 (meta) 
37 (osteo) 

9
0

53.4 ± 29* [3]
60.3 ± 29 [3]

Ledie and 
Renfro 2003  

2.4 (0–14) 26 (acute 
frakt.) 

– 25 [4] – – –

Lieberman 
et al. 2001 

5.9 (0.5–24) 70 (MRI) 30 (height) 35 [3] 
46.8* [3]

– – –

Phillips 
et al. 2003 

3.8 
(0.9–12.3) 

52 
(oedema) 42.3 – 50.2 17.5 8.7

Rhyne III 
et al.  

1 (0.2–27.7) 82 
2004 
(oedema
MRI)

– 23.2 [2] 15.1 22.5 19.1

Theodorou 
et al. 2002 

3.27 
(0.5–11) 

24
(acute) 

– 26.1 [2]§

65.7 ± 36 [3]
12.9 [4]

38.8§ 25.5 ± 10 15.6 ± 6.7

Weisskopf 
et al. 2003

– 37 89 – – – –

Wilhelm 
et al. 2003 

2.26 
(0.4–72) 

56 – – 56.5 11.5 5

All values represented as mean ± SD. “No change of kyphyosis” is defined as changes less than 5° between the pre- and 
post-operative angles. ‡ % height restoration, method according to McKiernan et al., 2003. Method 1: Absolute height res-
toration in mm. Method 2: Proportional height restoration relative to the initial fracture height. Method 3: Proportional height 
restoration relative to the height loss of the vertebral body. Method 4: Proportional height restoration relative to another 
vertebral body as reference. Method 5: Proportional height in relation to the height of a reference vertebral body. § Calcu-
lated from the available data. *Data concerning those vertebral bodies for which a repositioning of the vertebral body height 
could be detected.
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most new fractures were seen within the first six 
months after the intervention. 

Discussion 

This overview encompassed 19 studies that includ-
ed a total of 887 patients who underwent 1624 
kyphoplasties overall. In addition, the data were 
compared with those for vertebroplasty, with re-
cords on 3325 patients and 4827 treated levels. The 
most striking point when analyzing the studies was 
the great lack of homogeneity in aspects such as 
patient recruitment, methodical procedure, and 
evaluation and presentation of results. This not only 
has a negative effect on the validity of the publica-
tions but makes comparisons much more difficult. 
Nonetheless, it was possible to draw up a catalog 
according to which future treatments should be 
documented and evaluated: 

– Preoperative MRI to determine the activity of the 
injury, at least in cases with unclear age of the 
fracture; 

– Preoperative functional image in order to deter-
mine the mobility of the fracture;

– Postoperative thorough analysis of cement extru-
sions, possibly by means of CT;

– Postoperative assessment of kyphosis reduction 
by means of measurement of height of both the 
treated vertebral body and its intact neighbor, as 
well as measurement of the angle of the treated 
vertebral body and the appropriate segment of 
the spine (including the cranial intervertebral 
disc);

– Radiological examination to identify new frac-
tures after 6 weeks, 3 months and 6 months;

– Clinical documentation by means of VAS, SF36 
and Oswestry scores, preoperatively and then 
after 6 weeks, 3 months, 6 months and 12 
months.

A further important point is that not a single pro-
spective randomized study has yet been published 
that compares kyphoplasty directly with vertebro-
plasty, nor either technique with conservative treat-
ment.

Despite these restrictions some aspects can be 
clearly derived from the studies analyzed in this 
review. 

Both kyphoplasty and vertebroplasty are very 
successful pain-relieving methods. This applies at 
least for the short-term course (< 1 year). The mech-
anism of pain reduction is most likely to lie in the 

mechanical stabilization of the fractured vertebral 
body, as there are no essential differences between 
the curing properties of the various cements. Until 
now, details on the question of when to expect 
complete pain relief, as opposed to those few cases 
where patients show no pain reduction at all, could 
not be determined. Follow-up observations of more 
than a year are still scarce; however, there are no 
indications that a positive result showing after one 
year changes essentially later on [Zoarski 2002].

There is only one non-randomized prospective 
study that has compared vertebroplasty with con-
servative treatment [Diamond 2003]. Directly after 
treatment of acute fractures the vertebroplasty pa-
tients had considerably less pain, but after only six 
weeks the results for the two groups were similar 
again. 

Direct comparison of kyphoplasty and vertebro-
plasty is also rare. In a more recently published 
paper, which was not included in the present analy-
sis, the two techniques gave similar pain-relieving 
results but more cement extrusions were observed 
with vertebroplasty (DeNegri 2007).

This advantage of kyphoplasty could also be 
clearly shown in the analysis: the risk of cement 
extrusion was considerably higher with vertebro-
plasty, by a factor of 4–5. In kyphoplasty relatively 
viscous cement can be used, which allows con-
trolled filling of a cavity in the vertebral body, and 
this considerably reduces the risk of cement leak-
age. This is an advantage not only with respect to 
potentially immediately dangerous extrusions into 
the spinal canal or to embolism but also for initially 
clinically asymptomatic cement leakages that may 
have negative long-term effects. A considerably 
higher rate of fractures of adjacent segments could 
be established in cases of intradiscal cement extru-
sions [Lin 2004].

Fractures of further vertebral bodies represent 
the largest clinical problem in the treatment after 
augmentation with cement, and certainly also deter-
mine the long-term outcome. Adequate treatment of 
osteoporosis as the basic disease is of crucial impor-
tance in the interdisciplinary approach. However, in 
individual cases the question will always arise of 
whether a new fracture is due to the natural course 
of the condition or whether it has been provoked 
biomechanically by the augmented vertebral body. 
Whether there are any differences between verte-
broplasty and kyphoplasty in this risk cannot be 
determined from the available data. Reduction of 
kyphosis of the affected segment combined with 
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relief of the anterior column should at least theo-
retically reduce the risk of subsequent fractures. The 
consequences of the distribution of the cement, ei-
ther diffusely within the vertebral body (vertebro-
plasty) or as a bolus (kyphoplasty), on biomechani-
cal reactions have yet to be examined more close-
ly. 

Reports on the success of repositioning with 
these augmentation methods vary considerably. The 
age of the fracture has been highlighted as an im-
portant criterion for kyphoplasty [Berlemann 2004; 
Lieberman 2001], in the sense that old or already 
osseous strongly consolidated fractures can no lon-
ger be reduced. On the other hand, repositioning of 
fractures not older than 6–8 weeks is usually quite 
successful (Table 7). The possibility of height resto-
ration of the vertebral body is also described for 
vertebroplasty, and in cases of “mobile fractures” 
achieves results that are quite comparable to those 
of kyphoplasty. However, this is achieved through 
postural mechanisms of the patient on the operating 
table, as the technique of vertebroplasty, unlike ky-
phoplasty, does not offer any intrinsic possibility of 
fracture repositioning. The actual benefit of the di-
rect internal raising of the vertebral body with bal-
loons has been examined only recently and has 
shown that the use of a kyphoplasty balloon tamp 
is superior to postural correction alone (Shindle 
2006).

The question of loss of repositioning in the fur-
ther course has also been evaluated in different 
ways. Some articles describe no essential loss after 
kyphoplasty [Berlemann 2004; Ledlie 2003], where-
as others report sintering, at least in individual cas-
es of acute fractures [Hillmeier 2004b]. 

Details on how the application of cement effects 
the overall alignment of the spine are also missing 
from recent studies. In future it would be desirable 
to take this into account by taking survey radio-
graphs of the spine, as the overall posture of the 
spine is of greater significance for the patient than 
the condition of a single segment [Lieberman 
2001]. 

At present, the questions asked at the beginning 
of the chapter can be answered as follows:

Kyphoplasty is a very successful method for re-
duction of pain in osteoporotic vertebral body frac-
tures, and in that respect is not greatly different from 
vertebroplasty. In addition, the complication rate in 
kyphoplasty, especially regarding the risk of cement 
extrusion, is significantly lower than in vertebro-
plasty. 

Improvements in the positioning of the vertebral 
body can be achieved in two-thirds of all kypho-
plasty cases. In certain cases of “mobile fractures” 
the improvement partially occurs through appropri-
ate positioning of the patient, which similarly leads 
to height restoration in the appropriate subgroup of 
vertebroplasty cases. 

Proof that this repositioning is advantageous to 
the patient, compared with applying cement “in 
situ,” has yet to be confirmed.

The biggest clinical problem in the follow-up 
after kyphoplasty is the occurrence of new frac-
tures; however, in this respect it is still unclear 
whether there are any differences between the two 
techniques. 

It is interesting to note that further recently pub-
lished reviews reach conclusions similar to those of 
the present data analysis [Taylor 2006, 2007].
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Summary: the risks of kyphoplasty 

M. Bierschneider, B. Boszczyk, and H. Jaksche

The risks of kyphoplasty and the procedure pre-
sented here also apply to vertebroplasty, a simpler 
technique with direct uni- or bipedicular injection 
of cement into the vertebral body without the intro-
duction of a balloon. The techniques of vertebro-
plasty and lordoplasty, a minimally invasive further 
development, are explained below in chapter 11. 

In principle, both kyphoplasty and vertebroplas-
ty carry possible risks at all levels of decision and 
action, i.e. pre-, intra- and postoperatively. 

1. Preoperative risks 

If a minimally invasive augmentation method is in-
dicated, the therapist should ask the following ques-
tions: 

–  The right method? 
– The right patient? 
– The right surgeon? 
– The right vertebra? 
– The right material? 

1.1 The right method? 
Neither vertebroplasty nor kyphoplasty are suited in 
principle to replace the established methods of spi-
nal surgery for traumatic fractures. However, they 
can represent an alternative to conservative treat-
ment as well as to open surgery for selected pa-
tients. The indication for vertebro- or kyphoplasty is 
restricted to patients with fractures of types A 1.1 
and A 1.2 and to selected cases of type A 3.1. Great 
caution is advised in all cases of spinal or foraminal 
stenosis accompanied by any clinical loss of func-
tion (spinal claudication, radicular failures), as ce-
ment injection cannot help with these problems. 

1.2 The right patient? 
A minimally invasive method does not turn an inop-
erable patient into an operable one. 

The patient must be capable of receiving a gen-
eral anesthetic or, if the operation is to be carried 
out under local anesthesia, at least be able to lie in 
an abdominal position for the duration of the op-
eration. In cases of severe adiposis, the identifica-
tion of anatomical marks necessary for placing the 
instruments and the observation of the bone cement 
during injection could be so difficult that it is not 

safe to carry out this procedure. This particularly 
applies to the high thoracic region and the lumbo-
sacral area because adjacent anatomical structures 
(shoulders, pelvis) make radiological superposition 
possible. 

Furthermore, the following absolute contraindi-
cations must be observed for both methods when 
selecting patients: 

1. Asymptomatic vertebral body fractures;
2. Treatment-refractory coagulopathy or hemor-

rhagic diathesis;
3. Bacterial infections.

1.3 The right surgeon?
The surgeon should have sufficient experience in 
operating the spine and should have participated in 
a theoretical-practical course for learning the tech-
nique of vertebro- or kyphoplasty. In addition the 
surgeon should be capable of treating complications 
that require switching to open surgery. 

1.4 The right vertebra? 
Great care must be taken to identify the correct 
vertebra responsible for the pain. This is frequently 
difficult in elderly patients as they often have a long-
standing case history with backache and thus cor-
responding degenerative changes appear on the 
initial x-ray.

The x-ray, the sector-scan and the clinical pain 
of the patient must correlate. 

In clinical practice, magnetic resonance imaging 
has proven to be extremely helpful in identification 
of bone edema in the vertebral body in cases of 
doubt. A variety of bone cement is available. In 
order to be suitable for vertebro- or kyphoplasty the 
material must fulfil defined requirements: it must 
have good injecting qualities, adequate radiological 
visualization, a time frame of approx. 10–12 min-
utes for processing, and provide sufficient primary 
stability. Cements primarily used are based on poly-
methylmethacrylate. Comparable results have also 
been achieved with calcium phosphate cements for 
osteoporotic fractures. The suitability of calcium 
phosphate cements for traumatic fractures in young 
people is currently being investigated. 

2. Intraoperative risks 

Two types of intraoperative risk can be primarily 
distinguished: risks caused by the access and risks 
caused by applying cement. 

Summary: the risks of kyphoplasty 
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Fig. 43. A 59-year-old patient, in pain since 10/2004, CT of lumbar spine 2/2005: Fracture L3. Percutaneous bilateral balloon 
kyphoplasty of L3 on February 23, 2005. During the operation one balloon protruded into the intervertebral space, so the 
expansion was stopped and the balloon on the opposite side kept in place while filling the cement. After filling the cavern 
on the opposite side, the balloon was deflated and removed. While filling the balloon on the right hand side, cement leaked 
into the spinal canal (a). The amount of cement that had leaked seemed to be too much to be left unattended, therefore the 
spinal canal was opened via an extended fenestration and the cement removed (b). The cement was located on the medial 
pedicle wall and could be removed effortlessly with the rongeur (c). A big epidural vein had caused the leakage. The patient 
had no postoperative neurological deficits even though the cement had already hardened at the time it was removed

a b

c
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Fig. 44. A 47-year-old man, who fell during a game of curling on March 4, 2004. The MRI shows acute fracture of T7. He 
underwent percutaneous unilateral balloon kyphoplasty on March 18, 2004 and was discharged painless on March 22, 
2004. After 2 days of increasing thoracic pain, he presented in the outpatient department on March 30, 2004. The MRI 
shows a perivertebral inflammation reaction with abscess of T6/7 (a–c). He was treated with antibiotics, hyperbaric oxygen 
and a corset. Slow recovery from pain in the course of a year, but increase of the malposition and pain when stress on the 
anterior column. The patient was offered a ventro-dorsal stabilization which he declined

a b

c
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Fig. 45. A 78-year-old patient with a case history of several VB fractures and acute backache since 3 days ago. The preop-
erative MRI shows acute fracture of T8 (a, b). Percutaneous unilateral balloon kyphoplasty performed from the right (c). 
During mobilization, renewed postoperative pain immediately in the area of the operation entrance. Control MRI shows a 
subsequent fracture of T9 (d). Percutaneous unilateral balloon kyphoplasty of T9 performed from the right (e), distinct post-
operative recovery from pain

a

b

c

e d

In principle all structures and organs within and 
surrounding the spine are in danger of being injured 
while the cannula is pushed forward, under x-ray 
guidance, into the appropriate vertebral body. Me-
dial deviation of the cannula can perforate the spi-
nal canal and injure the spinal cord or the cauda 
equina, with corresponding neurological failures. 
Lateral deviation of the cannula could possibility 
perforate the lungs or the abdominal organs, de-
pending which segment of the spine is being treat-
ed. An anterior perforation could possibly lead to 
injury of the big vessels. 

Nevertheless, the injury rate for structures sur-
rounding the route into the vertebral body is con-
siderably under 1% for both methods, although the 

number of unrecorded cases carried out by less 
experienced practitioners seems to lie considerably 
higher. 

Bad imaging and insufficient experience of the 
surgeon are considered the main causes of injury to 
adjacent structures. 

Cement leakage is the most frequent complication 
in both methods (Fig. 43). Cement can leak into the 
spinal canal, the neuroforamina, the surrounding mus-
cular system, as well as into the blood vessels and 
then spread into the lungs. The leakage rate varies 
considerably between the two methods: from 10–70% 
for vertebroplasty, to less than 10% for kyphoplasty. 
The much higher rate of cement leakage in vertebro-
plasty is due to the difference in the technology. 

M. Bierschneider, B. Boszczyk, and H. Jaksche
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In vertebroplasty thin cement is injected into the 
trabeculate bone under a high pressure; in kypho-
plasty viscous cement is brought under low pressure 
into a cavity created by a balloon. The reasons for 
cement leakage can be, apart from too thin a ce-
ment and too high an injection pressure, bad imag-
ing during the injection phase and impatience on 
the part of the surgeon during the injection. 

In order to avoid cement leakage it is therefore 
recommended that the cement is injected as vis-
cous as possible, without force, without haste, and 
with good imaging. 

3. Postoperative risks 

The postoperative risks are primarily infections and 
a subsequent fracture. 

3.1 Infection (Fig. 44) 
Postoperative infection can appear locally as wound 
infection in the access area, or it can extend into the 
paravertebral soft tissue, break into the spinal canal, 
or involve the vertebral bodies or the intervertebral 
disc. 

There are various factors that predispose a pa-
tient to postoperative infection. Immunosuppres-
sion, diabetes mellitus and adiposis have to be men-
tioned first, but sterility failures during preparation 
and performance of the operation must also be tak-
en into account. 

In order to minimize the risk of infection, pa-
tients should be selected according to their per-
sonal risk profile, taking contraindications into con-
sideration and using paraoperative antibiotic pro-
phylaxis if necessary. The operation should of course 
be performed in an adequately equipped operating 
room, and with the usual hygienic precautions for 
operations. 

3.2 Connecting fracture (Fig. 45)
Of new fractures that occur, 30–60% are adjacent. 
There is an increased risk of connecting fractures in 
cases of multiple pre-existing fractures and in sec-
ondary osteoporosis. As far as we know today this 
can be interpreted as follows: 

The risk of a connecting fracture is determined 
by the extent of the basic osteoporotic condition. 

Consistent treatment of the basic disease im-
proves matters here. 

Conclusion 

Minimally invasive technology does not mean mini-
mal risk.

The risks can be calculated if the operation is 
performed by an experienced surgeon who has ac-
cess to good imaging in an adequately equipped 
operating room with the possibility of treating com-
plications. 

We see the main risk as the uncritical expansion 
of the indications by surgeons who do not have suf-
ficient experience in operating the spine.

Summary: the risks of kyphoplasty 



In this chapter we describe special techniques that 
are required in difficult situations. The normal bal-
loon kyphoplasty technique has to be modified in 
cases of neurological deficits with compression of 
the spinal cord or nerve roots and in the case of 
metastatic changes. Of course it is up to the sur-
geon to combine the conventional balloon kypho-
plasty technique with an open reduction in the case 
of compression syndromes (Fig. 48) in order to avoid 
an anterior operation. 

Balloon kyphoplasty for the treatment 
of malignant bone tumors 

In principle primary and secondary bone tumors 
have to be distinguished. 

Plasmocytoma (multiple myeloma)

Multiply myeloma represents 50% of all primary 
tumors of the spine. This type of tumor also plays 
the most important role among our own balloon 
kyphoplasty patients. Multiple myeloma causes 
bone resorption by stimulating the osteoclasts via 
the osteoclast activating factor [Callander 2001]. 
This usually leads to a diffuse condition of the spine 
with painful progressive vertebral compression frac-
tures at several levels [Dudeney 2002]. However, in 
the last few years the survival rate of multiple my-
eloma patients has increased significantly as a result 
of further development and improvement in chemo-
therapy [Barlogie 1999; Berenson 1996]. In particu-
lar, bone morbidity is significantly lowered by si-
multaneously administering bisphosphonates [Be-
renson 1996]. Patients with multiple myeloma are 
thus ideal candidates for balloon kyphoplasty and 
first experiences have proved very satisfactory 
[Dudeney 2002]; significant postoperative improve-
ment in the SF-36 score (life quality questionnaire 
[McHorney 1993; Ware 1992]) has been achieved. 

Regarding the prophylactic use of balloon ky-
phoplasty in multiple myeloma patients without 
vertebral fracture, it is difficult to assess whether or 
not they will suffer a fracture in the future. No pro-
phylactic kyphoplasties have been performed in 
these patients but it is imaginable that, in cases 
where chemotherapy fails, early direct stabilization 
of the spine could be carried out.

Osteolytic metastases 

The spine is the part of the skeleton that is most 
frequently affected by metastases. In particular, os-
teolytic metastasis with a spontaneous fracture can 
be misinterpreted as an osteoporotic vertebral body 
fracture. We therefore take a biopsy with the bone-
filler or with the biopsy trocar in every balloon ky-
phoplasty before inserting the balloon (Chapter 7, 
Fig. 21).

Of all cases of the spine affected by metastases, 
only osteolytic metastases are suitable for balloon 
kyphoplasty. In the case of osteoblastic metastasis 
there is a risk that the metastases are pushed into 
the spinal canal by the balloon. Furthermore, even 
though osteoblastic metastases are painful, they 
only seldom cause vertebral fractures, therefore the 
situation of the spine is primarily more stable. Os-
teolytic metastases, however, greatly endanger the 
stability of the spine and furthermore are very pain-
ful so that early operative intervention is required. 
Osteolytic metastases can be caused by primary 
carcinomata of the prostate, breast, stomach, lungs, 
kidneys and thyroid gland [Grundmann 1986]. The 
positive effect of the cement on osteolysis of verte-
bral bodies in adenocarcinoma of the lung and in 
multiple eosinophilic granuloma has already been 
described after vertebroplasty [Baba 1997; Cardon 
1994]. First postoperative results after balloon ky-
phoplasty show significant pain relief lasting up to 
one year after the operation [Fourney 2003]. 

Chapter 9 

Special indications and techniques of balloon kyphoplasty 

S. Becker and M. Ogon 
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Fig. 46. A 53-year-old male, 
known plasmocytoma, condition 
after chemo- and radiotherapy 
with lesion of vertebrae T8, T9 
and L1 (a), lesion of arch T8 (b),
extrapedicular balloon kypho-
plasty T8 and T9, transpedicular 
balloon kyphoplasty L1 (c)

a

b

c
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Fig. 47. An 83-year-old female, condition after vertebroplasty of T12 with osteolysis and unknown primary tumor. a Intra-
operative picture. b Ventral dislocation of the cement beginning after 3 weeks. c Picture 9 months postoperative. d Results 
2 years postoperative 

a b

c d
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Another good indication for balloon kyphoplasty 
is a fracture caused by a hemangioma, a benign but 
painful lesion. Thus far, hemorrhagic problems have 
not been reported after stabilization of these lesions 
[Berlemann 2004; Castel 1999; Galibert 1990]. 

Special techniques in cases of plasmocytoma 
(multiple myeloma) and osteolytic 
metastases 

Unlike vertebroplasty, balloon kyphoplasty is able to 
rebuild an osteolytic vertebral body wall by means 
of the egg-shell technique, which is described be-
low. Nonetheless, in our experience it is more diffi-
cult to carry out balloon kyphoplasty in cases of 
vertebral metastases and plasmocytoma than it is in 
primary osteoporotic fractures. The risk of cement 
leakage is greater than in osteoporotic fractures, 
therefore the egg-shell technique (see below) should 
be preferred to the conventional balloon kyphoplas-
ty technique (Fig. 54). Furthermore, there is the pos-
sibility that the pedicles are also affected by osteoly-
sis, making transpedicular access no longer safe. In 
this case either a contralateral single approach via a 

still intact pedicle or an extrapedicular approach can 
be chosen (Fig. 46). The increased convergence of 
the balloon in the extrapedicular approach allows it 
to be placed centrally in the vertebra and a single 
balloon may be sufficient for the stabilization. Nev-
ertheless, the possibility of dislocation of the cement 
block has to be taken into account if the anterior 
cortical substance is missing (Fig. 47). 

In summary, balloon kyphoplasty combined with 
optimal oncologic therapy offers good possibility for 
stabilization of the osteolytic spine, especially in 
cases of plasmocytoma that have a good survival 
prognosis. Just as for patients with osteoporosis, 
quality of life and reduction of pain are the main 
objectives in treatment for tumor patients. Metasta-
ses on every level of the spine can be treated, and 
individual cases of cervical spine stabilization with 
cement have been reported [Wetzel 2002]. Further-
more, a combined method (Fig. 48) can also lead to 
a primary stable situation in metastatic conditions 
with neurological deficits; balloon kyphoplasty can 
be combined with a purely dorsal instrumentation 
and decompression thus avoiding a secondary ante-
rior approach.

Fig. 48. a Female, metastatic vertebral body compression of T11 with unknown primary tumor, incomplete neurological 
failures of the lower extremities. Clear spinal stenosis. b Surgical treatment with laminectomy and open balloon kypho-
plasty of T11 and dorsal instrumentation of T9 to L1 with dorsolateral cancellous bone graft 

a b
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Microsurgical interlaminary balloon 
kyphoplasty 

B. Boszczyk and M. Bierschneider 

Interlaminary balloon kyphoplasty is a microsurgi-
cal variation of the open bipedicular technique de-
scribed by Wenger and Markwalder [1999]. This 
access has been used previously in patients with an 
extensive posterior wall fracture and/or with neural 
compression symptoms [Boszczyk 2004]. 

This microsurgical operation is performed under 
general anesthesia. The positioning of the patient 
corresponds to the normal knee-chest positioning 
in microsurgical discectomy or decompression. The 
projection of the interlaminar gap on the posterior 
wall of the vertebra is chosen as the point to access 
the affected vertebra. If two adjacent vertebral bod-
ies have to be treated, the joint interlaminar gap 
should be chosen. In general, only one side, the 
side causing the trouble, should be accessed. A 
symptomatic dissection of the thoracolumbar fascia 
is carried out via a median approx. 5 cm incision of 
the skin. The paravertebral muscles are pushed 
aside and the interlaminar space is exposed. While 
carefully sparing the neural structures, a lateral ex-
cision of the flaval ligament and a laminotomy are 

performed, exposing the lateral margin of the dural 
sac. Depending on the neural symptoms, a decom-
pression is carried out laterally, in a joint-sparing 
manner, and carefully expanded to the opposite 
side by undercutting. After complete decompres-
sion, the dural sac is carefully mobilized medially 
and the posterior wall of the affected vertebral 
body is visualized (Fig. 49). The working trocar is 
introduced through this posterior wall with slight 
hammer blows towards the mid-line of the anterior 
wall. Compression of the neural structures must be 
avoided. Now a single kyphoplasty balloon is intro-
duced via the operating cannula and brought into 
a central position (Fig. 51). In general it will be pos-
sible to carry out the described techniques in the 
area of the lumbar spine and the thoracolumbar 
transition without problems, if the spinal canal has 
normal width (Fig. 50). A medial pedicle resection 
might be necessary in the area of the middle tho-
racic spine. The fracture reduction and augmenta-
tion is carried out as described for the percutane-
ous techniques. Microsurgical balloon kyphoplasty 
allows immediate inspection of the spinal canal in 
the case of cement leakage. PMMA that has es-
caped can usually be removed without problems 
before hardening as it does not adhere to the 
dura. 

a b c

Fig. 49. a–c Dorsal view of a motion segment after interlaminary fenestration with flavectomy on the right-hand side (a).
Presentation of the access point (b) at the posterior wall of the upper vertebral body by mobilization of the neural structures. 
Presentation of the access point (c) at the posterior wall of the lower vertebral body by mobilization of the neural struc-
tures 
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Fig. 50. a–f A 79-year-old patient with an incomplete burst fracture of L1 type A 3.1 with large posterior wall fragment and 
substantial loss of height after falling and several weeks of unsuccessful conservative treatment (a) [Boszczyk 2002]. An 
interlaminar access allows secure placing of the kyphoplasty balloon in the vertebral body (b). The lateral X-ray shows a 
subtotal fracture reduction by inflation of a single kyphoplasty balloon (c–d). The augmentation result shows acceptable 
filling of the vertebral body in the anterior and medial third of the vertebral body (e, f). The operation lasted 70 minutes, 
the loss of blood was 120 ml. 18 months after the operation a partial height loss can be detected with ventral spondylophyte 
formation, and satisfactory reduction of pain caused by the fracture (g)

a b

c d

e f g
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Fig. 51. End position of kyphoplasty balloon that was intro-
duced into the vertebral body centrally at the posterior 
wall 
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Special balloon kyphoplasty techniques 
in cases of screw loosening and in spinal 
defects 

S. Becker and M. Ogon 

If traumatic fractures of the spine are operated, they 
are primarily stabilized with an internal fixator. 
Complications with loosening of the pedicle screws 
particularly occur in patients with osteoporosis, with 
reported loosening rates of up to 11% [Dickman 
1992; Essens 1993]. Internal fixation fails more often 
in an osteoporotic spine because the stability is di-
rectly dependent on the bone quality [von Strempel 
1994; Wittenberg 1991]. In the following we de-
scribe four kyphoplastic techniques that can be 
used in cases of instrumentation failure, in older 
patients with osteoporosis and in spinal defects 
(egg-shell technique). 

Transpedicular balloon kyphoplasty after 
screw removal (Fig. 52) 

In transpedicular balloon kyphoplasty the dislocated 
screw is removed in a regular open procedure. The 
operating cannula can then be introduced transpe-
dicularly without problems via a Kirschner wire. The 
only difficulty here is the fixation of the operating 
cannula: because the screw will also have caused a 
pedicle defect in most cases, the operating cannula 
must be manually fixed if inflating the balloon with 
more than 2 ml, as otherwise the balloon will have 
the tendency to dislocate dorsally, possibly leading 
eventually to a defect of the posterior wall. This 
complication has not yet occurred with any of our 
patients. However, it is advisable, as soon as the 
operating cannula is placed on one side, to insert 
the balloon kyphoplasty catheter and to inflate the 
balloon up to approx. 0.5 ml, as this fixes the oper-
ating cannula and thus there is no danger of the 
operating cannula slipping ipsilaterally when the 
contralateral access is performed. 

Another problem arises, associated with the risk 
of cement leakage: screw loosening generally leads 
to perforation of the end plate and the adjacent 
basal lamina may be eroded. This means that a 
considerable defect can occur, reaching into the 
adjacent vertebra. During balloon kyphoplasty, 
there is the possibility of cement leaking into this 
large defect and therefore special attention should 
be paid to the viscosity of the cement (s. chapter 7). 

In addition, the egg-shell technique (see below) is 
indicated in these cases. 

Augmentation techniques (Fig. 53)

Balloon kyphoplasty can be optimally used as a 
ventral support for screw augmentation, if biome-
chanical considerations call for an extension of the 
instrumentation or if the bone is so osteoporotic 
that screw loosening is very likely and stabilization 
with an internal fixator is inevitable. Normal balloon 
kyphoplasty is performed on the vertebra before the 
augmentation is carried out. The osteointroducer 
must be removed before the cement hardens, as the 
screws have to be brought into the still soft cement; 
once the cement has hardened, it can be difficult or 
even impossible to apply the screws properly, as a 
hole would then have to be drilled into the cement, 
and an appropriate bony support is often missing 
ventrally. Furthermore, it should be noted that ver-
tebrae adjacent to the fixation have a very high risk 
of spontaneous fractures, therefore prophylactic sta-
bilization is always indicated here. 

The egg-shell technique (Fig. 54) 

In cases of large vertebral defects the so-called egg-
shell technique is helpful. A PMMA lining is erected 
in the area of the vertebral wall defect by first bring-
ing in 0.5 ml of low-viscosity cement, followed by 
the balloon catheter and inflation of the balloon. 
High-viscosity cement may disrupt the balloon as a 
consequence of the chemical binding heat of the 
cement. The inflation causes the balloon to squeeze 
the cement into the wall defect, by which the egg 
shell, i.e. the PMMA wall, is created. After removing 
the balloon catheter the cement can be applied in 
the usual consistency; this reduces the risk of ex-
travazation considerably. This technique should be 
used under all circumstances after a screw removal, 
especially if the screws have caused large defects 
extending into the next vertebra. Cement that has 
been applied in this manner has considerably less 
tendency to leak from the vertebral body; however, 
leakage cannot always be avoided in cases of larger 
defects after screw loosening. 

Support technique (Fig. 55) 

This technique is helpful if an open operation with 
removal of screws is no longer possible. In the sup-
port technique the balloon is brought into the ver-
tebra adjacent to the vertebra with the loosened 

Special balloon kyphoplasty techniques in cases of screw loosening and in spinal defects 
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a b c

d e

Fig. 52. Balloon kyphoplasty after screw removal. A 78-year-old female patient with an absolute spinal stenosis of L3/L4 
and of L4/L5, which was decompressed and stabilized primarily at the level of L3–S1 (a). A routine check after 3 months 
revealed loosening of the screws of L3, without the patient showing any symptoms of pain (b, c). Because of this loosening, 
the L3 screws were removed, the longitudinal rod was cut correspondingly, and a transpedicular balloon kyphoplasty carried 
out using the above technique at the level of L3, as well as a prophylactic balloon kyphoplasty at the level of L2 (d, e)

S. Becker and M. Ogon 
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d e

Fig. 53. See Fig. 54 
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c d

Fig. 54. Balloon kyphoplasty augmentation technique and egg shell technique. A 60-year-old female patient with severe 
degenerative scoliosis of the lumbar spine, which was dorsally instrumented from T12 to S1 and restored scoliosis. After a 
fall the screws of the segment T12 and L1 came loose (Fig. 53a), therefore balloon kyphoplasty was performed on these 
segments and the instrumentation was prolonged to T10 (Fig. 53b, c). 4 weeks after this operation the cranial screws of T10 
and T11 came loose again (Fig. 53c); this time the screws of T10 and T11 had to be augmented with balloon kyphoplasty 
as well as the eroded basal lamina of T9 (Fig. 53d, e). For further stabilization with a longer lever arm, an additional fixation 
of segment T9 was carried out using transversal hooks of the fracture system (USS®, Synthes). Because of the big defect/ 
damage of T10, the egg shell technique was used on both sides before introduction of the screws (Fig. 54). This reduced 
the cement leakage considerably

S. Becker and M. Ogon 
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screws. It is important that the balloon lies at the 
affected endplate, i.e. in most cases in the direction 
of the basal endplate. If any screws penetrate here, 
a screw can be used as a support to inflate the bal-
loon in a cranial direction and thus correct the ky-
photic malposition again. Alternatively a unidirec-
tional balloon can be used.

Use of the balloon kyphoplasty techniques de-
scribed above has advantages in cases of revision, 
screw loosening and augmentation. Augmentation 
of screws has already been performed with PMMA 
cement for some time, but until now with a verte-
broplasty [Steffee 1986, 1988; Zucherman 1988]. 
The augmentation considerably improves the pull-
out strength of the screws [von Strempel 1994]. 
Once a balloon catheter has been used to stabilize 
a vertebra, it can be easily reused on adjacent seg-
ments to reinforce the screws in order to avoid leak-
age.

We perform balloon kyphoplasty in cases of 
loosening of the internal fixator as an operative sta-

bilization method. Using the techniques described 
above, we have several possible methods at our 
disposal for stabilization of the spine, without hav-
ing to extend the instrumentation proximally or dis-
tally. This reduces the operation time and risk of 
infection considerably. In our opinion conservative 
therapy is not indicated in cases of screw loosening 
or for osteoporotic fractures either above or below 
the implant, as an increase of the malposition of the 
spine is likely because of the different elastic quali-
ties of the implant and the fractured vertebra. A 
critical point regarding our operation methods is 
that, despite the egg-shell technique and the opti-
mal cementing technique, leakage of cement into 
surrounding tissues cannot always be prevented. 
Moreover, depending on the kind of fracture, opti-
mal restoration of the kyphosis cannot always be 
achieved, so that in these rare operations, which 
should be considered as rescue operations in diffi-
cult cases, primary stability with early mobilization 
and relief of pain surely have priority. 

a b c

Fig. 55. Support technique: Increasing kyphotic deformity with screw loosening of T12 five months after dorsal instrumen-
tation of an L1 fracture in a 72-year-old female patient (a, b). Because of internal accompanying diseases, an open operation 
with screw removal was not possible and therefore balloon kyphoplasty was only carried out on the fractured vertebra T11. 
The balloon was positioned directly on the loosened screw, using it as a support for the restoration of the kyphosis. The 
screw was left in situ and therefore, as expected, there was no leakage of cement (c). The patient could be mobilized the 
following day, and findings were stable in the 6 month follow-up, without any pain problems

Special balloon kyphoplasty techniques in cases of screw loosening and in spinal defects 
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S. Becker

The treatment of vertebral 
osteonecrosis and vertebra plana with 
balloon kyphoplasty

S. Becker

Although conservative treatment is generally regard-
ed as the gold standard in osteoporotic vertebral 
fractures, it carries the risk of advanced vertebral 
collapse, increased kyphosis and persisting pain 
(Figs. 56, 58). Those severe collapses may result in 
vertebra plana fractures, which are usually difficult 
to treat and are generally a contraindication for per-
cutaneous techniques. However, it has been report-
ed that cases with pseudarthrosis, osteonecrosis or 
fluid/gas signs on X-ray/MRI are treatable with ver-
tebroplasty [Huy 1998; Jang 2003]. 

Osteonecrosis has been reported in several dif-
ferent bones, and in the spine this disease has vari-
ous names: osteonecrosis, vascular necrosis, pseud-
arthrosis and Kümmel’s spondylitis [Chou 1997; 
Hasegawa 1998; Huy 1998; Ito 2005; Jang 2003; 
Maheshwari 2004; Murakami 2003]. All these de-
scriptions may simply be different names for the 
same disease, the most non-specific description be-
ing “Kümmel or Kümmel-Verneuil spondylitis”, 
which is based on a case series from 1895 [Van 
Eenenaam 1993, Young 2002]. All the descriptions 
have the same findings on X-ray and MRI. On X-Ray 
or CT we typically find an intravertebral cleft, also 
described as a “gas sign” demonstrating fluid and 
gas in the intravertebral body [Bhalla 1998; McKier-
nan and Faciszewski 2003] (Figs. 56–58). This sign 
is typically benign and does not warrant biopsy 
[Bhalla 1998]. On MRI we find fluid or gas in the 
vertebral body; this can be seen as a dark zone on 
T1 and bright on T2/STIR [Hasegawa 1998; Ma-
heshwari 2004; McKiernan and Faciszewski 2003]
(Fig. 58). These findings typically persist as long as 
the fracture remains unhealed and shows clinical 
instability, with a high risk of further progression 
into a vertebra plana (Figs. 56, 58) or development 
of severe kyphosis (Fig. 56).

The different descriptions also all have the same 
histological findings, such as necrotic granulation 
and fatty degeneration of the bone tissue, and a fi-
brocartilaginous membrane surrounding the fluid 
with the absence of any new endochondral bone 
[Antonacci 2002; Hasegawa 1998; Murakami 
2003].

Clinically, several risk factors can cause osteone-
crosis: malignancy, infection, radiation therapy, liver 



99The treatment of vertebral osteonecrosis and vertebra plana with balloon kyphoplasty

Fig. 56. Female, 72 y., spontaneous fracture L1 (a), conservative treatment. Four months later, total collapse of L1 with os-
teonecrosis (b). Intraoperative reduction on OR table with k-wire in place and prophylactic adjacent stabilization (c) and 
result after balloon kyphoplasty (d)

a b c

d e
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Fig. 57. Male 84 y, after fall, CT with osteonecrosis and gas on anterior aspect of vertebral body

a b

S. Becker 

cirrhosis, alcoholism, steroid treatments [Allen 1987; 
Brower 1981; Chou 1997; Lieberman 2001; Malda-
gue 1978; Van Bockel 1987], rarely sarcoidosis [Ito 
2005], hemoglobinopathies such as sickle cell ane-
mia [Maheshwari 2004], Cushing syndrome and 
Gaucher syndrome [Ito 2005], and dysbarism after 
diving accidents [Hutter 2000]. In trauma it has 
been postulated that disruption of the anterior ves-
sels may cause osteonecrosis, which explains why 
osteonecrosis is found anteriorly in some cases 
(Fig. 57).

This dynamic instability of osteonecrotic verte-
bral fractures [McKiernan and Jensen 2003] is per-
sistent with chronic pain and is the main clinical 
finding. The instability can be typically seen with 
the patient in a prone position either on the X-Ray 
table or in the OR (Figs. 56, 59) and is a valuable 
sign that balloon kyphoplasty is feasible, because 
the partial closed reduction of the fracture, due to 
the positioning, facilitates the insertion of the bal-
loon kyphoplasty tools. In cases of uncertainty re-
garding osteonecrosis on X-ray (Figs. 59, 60), we 
favor a prone X-ray rather than a CT, because it 
demonstrates the reduction capability better and 
can be done in any radiological facility.

Whatever may be the cause of vertebral collapse 
and osteonecrosis, surgical treatment with vertebro-

plasty or balloon kyphoplasty is uniform. In general, 
osteonecrosis has poor capacity to heal, but the 
dynamic instability that causes the symptoms can 
be alleviated by cementoplasty. In the literature, 
good results have been reported in osteonecrosis 
patients with vertebroplasty [Huy 1998; Jang 2003]. 
We retrospectively reviewed our balloon kypho-
plasties on vertebra plana fractures from 2002 to 
2005, during which period we performed 230 bal-
loon kyphoplasties on 139 patients. The retrospec-
tive analysis showed a complete collapse with ver-
tebra plana in 15 patients (mean age 76 years, SD 
5.2 years, 3 male, 12 female) and osteonecrosis 
signs in eight patients. The pre- and postoperative 
vertebral height (anterior, middle and posterior 
heights) and the kyphotic angle are shown in Ta-
ble 8. The average time of postoperative surgical 
treatment was eight weeks after the fracture (9.62 
weeks in the osteonecrosis group, 6.14 weeks in the 
vertebra plana group). The treated vertebrae were 
Th7 and Th9 (1 case each), Th11 and Th12 (2 cases 
each), L2 (3 cases) and L1 (6 cases].

Our results (Table 8) show more significant res-
toration of the vertebral height after balloon kypho-
plasty in the osteonecrosis group than in the verte-
broplasty group (p < 0.013). Correction of the ky-
photic angle was achieved in both groups but was 
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Fig. 58. Female, 85 y., spontaneous 
fracture L3 with osteonecrosis, clear-
ly visible on the lateral X-ray (b). The 
MRI also shows fluid within the ver-
tebral body (c). Five months later af-
ter conservative treatment, severe 
segmental collapse with chronic pain 
and immobility (d)

a b

c d
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Fig. 60. Male, 72 y. fracture L1 with uncertain sign of osteonecrosis (a). The instability assessment in the prone position 
clearly shows gas in the vertebra and a good closed reduction of the fracture (b). The postoperative image after balloon 
kyphoplasty still shows an increase in vertebral height (c)

Fig. 59. Male, 84 y., typical osteonecrotic instability L1, although osteonecrosis not clearly seen on X-ray (a), but total reduc-
tion of fracture 4 weeks after onset of pain in prone position on OR table (b)

a b c

a b

S. Becker 
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Table 8. Mean correction of kyphotic angle, anterior verte-
bral height (AH), middle vertebral height (MH) and posterior 
vertebral height (PH) in the osteonecrosis and vertebra pla-
na groups

Osteonecrosis 
group – mean

Vertebra plana 
group – mean

p-values

Kyphosis 
post-op

10,375°
SD 6,89

3,71°
SD 4,42

p = 0.099

AH 33,095%*
SD 13,55

4.92%
SD 4,57

p < 0.001*

MH 37,835%*
SD 12,76

17.51%
SD 9,42

p = 0.004*

PH 19,076%*
SD 18,08

1.83%
SD 2,58

p = 0.031*

*Statistically significant difference.

not significant, because a vertebra plana without 
any kyphotic component very often does not cause 
kyphotic deformity of the whole spine. 

Comparing our data with the literature, it seems 
that in our series of complicated cases with ad-
vanced vertebral collapse the correction capacity of 
balloon kyphoplasty is superior to the capacity in 
“normal” osteoporotic fractures [Garfin 2001; Ledlie 
2003; Theodorou 2002]. The latter authors all de-
scribed the balloon kyphoplasty procedure on os-
teoporotic vertebral fractures and reported a correc-
tion of the vertebral height between 8% and 20%. 

The clinical outcome of our two groups com-
bined showed the following: the physical compo-
nent summary score (PCSS) improved from 27.3 
preoperatively to 36.2 postoperatively, as did the 
mental component summary score (MCSS; pre-op 
33.35, post-op 41), Oswestry score (pre-op 64.3, 
post-op 46.5) and the VAS (pre-op 6.8, post-op 4.2). 
There was no statistical difference in clinical out-
come between the two groups. The results show 
significant improvement of the PCSS, Oswestry 
score and VAS in both groups, which has been well 
reported after vertebroplasty and balloon kypho-
plasty. The fact that both groups showed postopera-
tive improvement, basically independent of whether 
osteonecrosis was apparent or not, supports the in-
dication for minimally invasive stabilization of ver-
tebral fractures with cement, even if corrections of 
height or kyphosis cannot be achieved.

In conclusion, in osteonecrosis there is a high 
risk of severe collapse and early intervention is re-
quired. Balloon kyphoplasty and vertebroplasty can 
significantly improve the vertebral height and major 
changes of the kyphotic angle are possible. Even 
after several months, correction of the deformity is 
possible with balloon kyphoplasty. Nevertheless, all 
patients with a positive fracture sign are treatable 
with cementoplasty to alleviate their pain.
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The safety and treatment possibilities of balloon ky-
phoplasty have rapidly led to the use of this tech-
nique in traumatic vertebral fractures. Initially bal-
loon kyphoplasty was used in osteoporotic patients 
who sustained a fall and a subsequent traumatic 
fracture; however, the general rules of balloon ky-
phoplasty also apply in trauma cases and the guide-
lines shown above remain valid. Although we now 
have a safe and effective method of restoring verte-
bral height and reducing the fracture, the injectable 
bone substance is still an issue, especially in trauma. 
In general there is consensus that polymethylmeth-
acrylate (PMMA) is safer in the elderly, as it is not 
resorbed or remodeled, but in young patients con-
sensus has not yet been found on whether the use 
of PMMA in traumatic fracture is safe. During the 
past five years resorbable calcium phosphate ce-
ments (CPC) have therefore gained in popularity. In 
this chapter we summarize knowledge of the use of 
balloon kyphoplasty with resorbable CPC in trau-
matic fractures in young patients.

Balloon-assisted endplate reduction 
combined with vertebroplasty for the 
treatment of traumatic vertebral body 
fractures

J.-J. Verlaan, W. J. A. Dhert, and 
F. Cumhur Oner

Current approaches and techniques for the 
treatment of traumatic vertebral fractures 

The optimal treatment of traumatic thoracolumbar 
fractures has, in the absence of properly conducted 
trials, been fiercely debated and, despite numerous 
publications showing lower levels of evidence in the 
past four decades, no consensus currently exists 
[Thomas 2006; Verlaan and Diekerhof 2004; Wood 
2003]. Most spine surgeons will agree that the ma-
jority of A.1 and A.2 fractures (according to the AO 
classification by Magerl et al.) can be treated with-
out operative intervention; A.3 fractures sometimes 
require surgery and B-type or C-type fractures al-
most always require surgery for good outcome 
[Magerl 1984; Vaccaro 2005]. Some discussions in 
the literature have focused on the best surgical ap-
proach for fracture reduction and fixation. In a re-
cent systematic review of the literature it was noted 
that scientific evidence does not favor any particular 
surgical approach and preferences are most likely to 
be based on personal or institutional experiences 
[Thomas 2006; Verlaan and Diekerhof 2004]. It can 
be concluded from the literature that posterior short-
segment fixation is currently the easiest surgical 
technique with relatively minor complications and 
generating good-to-excellent results in the majority 
of cases [Korovessis 2006; Verlaan and Diekerhof 
2004]. However, for some fractures, especially com-
plete vertebral body burst fractures (A.3.3), posterior 
short-segment fixation has sometimes been noted to 
be less successful [McCormack 1994]. In a radio-
logical investigation of cadaveric traumatic fractures 

Chapter 10

Indications and experience with balloon kyphoplasty in trauma
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by Oner et al., it was hypothesized that some types 
of disk space disruption may result from the trau-
matic impact and can subsequently lead to second-
ary kyphosis as a consequence of disk subsidence 
through the fractured endplate into the vertebral 
body [Oner 1998]. Radiological observations of 
clinical cases correlated with these experimental 
findings that changes in disk space morphology of-
ten result after traumatic fractures [Oner 1999]. Fur-
thermore, in fractures apparently sufficiently re-
duced on initial radiographs, it was shown that re-
current kyphosis may occur as a result of interver-
tebral disk intrusion into the burst vertebral body 
[Oner 1998]. A study by Speth et al. subsequently 
confirmed these findings in a cohort of patients with 
traumatic burst fractures treated with posterior re-
duction and fixation [Speth 1995]. It was demon-
strated in a series of experimental studies that disk 
space redistribution resulting from intrusion into the 
vertebral body could be prevented by proper end-
plate reduction and intravertebral augmentation of 
the resulting sub-endplate void [Verlaan 2002]. The 
technique for achieving endplate reduction was by 
direct reduction with inflatable bone tamps and in-
jection of CPC. The studies that led to the proce-
dure for fractured endplate reduction and vertebral 
body augmentation are the topic of the current 
chapter.

Experimental and clinical studies for the 
development of transpedicular augmentation 
techniques of the anterior spinal column in 
traumatic fractures

First steps in developing a direct reduction technique
for burst fractures

In 1999 the authors developed the concept of using 
balloons for endplate reduction in traumatic burst 
type fractures (balloon-assisted endplate reduction, 
BAER), combined with vertebroplasty (VTP). The 
predominant safety concerns were potential dis-
placement of bone fragments towards the spinal ca-
nal after expansion of the inflatable bone tamps and 
subsequent leakage of cement in the spinal canal 
through the damaged posterior vertebral body wall. 
It was postulated that primary reduction of the burst 
fracture by ligamentotaxis and subsequent fixation 
with a rigid pedicle screw construct would prevent 
this displacement. The technique was first tested in 
a human cadaveric fracture model [Verlaan 2002]. 
Traumatic burst fractures were created in 23 non-
osteoporotic thoracolumbar specimens. The frac-

tures were reduced using short-segment pedicle 
screw constructs, and the endplates were subse-
quently reduced using transpedicularly introduced 
inflatable bone tamps (KyphX, Kyphon Inc.). The 
cavities that resulted after deflation and removal of 
the balloons were filled with CPC (BoneSource®,
Stryker Orthopedics) consisting of equimolar 
amounts of dicalcium and tetracalcium phosphate 
which, when mixed with saline, form hydroxyapa-
tite. Plain radiographs (anteroposterior and lateral) 
and magnetic resonance images (MRIs) were ob-
tained from the specimens after fracturing, after re-
duction and posterior stabilization, and after the 
BAER/VTP procedure. Distraction of the fractures 
by pedicle screw instrumentation resulted in a re-
duction of both anterior and posterior wall displace-
ment but did not reduce the central impression of 
the fractured endplate, probably because of persis-
tent hydrostatic intervertebraldisk pressure. After 
BAER and VTP the impression of the central end-
plate was significantly decreased. See also Fig. 61 
for a chronological series of fluoroscopical images 
obtained during the experimental procedure. The 
maximum posterior wall displacement caused by 
BAER was 1.3 mm. No cement leakage outside the 
vertebral body could be detected during the proce-
dure or after examination of the sectioned speci-
mens. It was concluded that BAER and VTP might 
be safely used as a less invasive technique for ante-
rior column reconstruction for selected burst-type 
fractures.

The choice of cement as a bone-void filler.
An animal model for vertebroplasty

After optimal reduction of the fractured endplates 
with BAER, the ensuing cavity in the vertebral body 
should be filled with a material strong enough to 
resist the hydrostatic expansive force from the adja-
cent disks, and preferably not interfere with fracture 
healing. Autologous bone could be used, but expe-
rience with transpedicular spongioplasty as addi-
tional treatment to posterior fixation suggests that 
graft necrosis frequently develops [Alanay 2001; 
Verlaan and Diekerhof 2004]. Furthermore, crushed 
bone may not be strong enough when used for this 
application. Traditionally, PMMA cement has been 
used successfully for vertebroplasty in osteoporotic 
compression fractures [Heini 2000]; however, it 
might not be a good idea to inject PMMA cement 
into fresh traumatic fractures, as its permanent pres-
ence between bone fragments would preclude bone 
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healing. Furthermore, if extracorporal leakage of ce-
ment has occurred, exothermic polymerization of 
PMMA cement could lead to thermal damage of 
vulnerable neurovascular structures, although some 
publications on this topic suggest the chances of 
serious complications resulting from heat necrosis to 
be low [Aebli 2006; Belkoff 2003; Deramond 1999; 
Verlaan 2003]. CPC, already used with good results 
as bone-void filler in the treatment of distal radius 
and tibial plateau fractures, may be an interesting 
alternative to PMMA cement for specific vertebro-
plasty applications [Nakano 2002 and 2005]. Since 
we can expect direct contact of bone cement with 
disk tissue in acute traumatic endplate fractures, not 
only the effects on bone healing but also effects on 
the viability of intervertebral disk tissue become im-
portant. These biocompatibility issues were studied 
in an in vivo goat model described below [Verlaan 
and Oner 2004]. 

In two vertebral bodies (L3 and L5) of the lumbar 
spine of 24 goats, cavities were created by drilling 
and reaming through a transpedicular approach 
(Fig. 62). In half of the treated vertebral bodies a 
defect was also drilled in the cranial endplate to al-
low for direct contact between cement and nucleus 
pulposus. The cavities were filled with either PMMA 
cement (Simplex®, Stryker Corporation) or CPC 
(BoneSource®, Stryker Corporation) according to as-
signment to one of four groups: vertebroplasty with 
CPC with or without cranial endplate defect; verte-
broplasty with PMMA cement with or without cra-
nial endplate defect (Fig. 63). Another six goats from 
unrelated research were used as controls. The fol-
low-up periods were six weeks and six months. The 

postmortem intervertebral disks, endplates and sur-
rounding tissues were examined with semiquantita-
tive histological analysis and radiography. 

In none of the animals were radiological or his-
tological signs of disk degeneration seen, supporting 
clinical observations that isolated central endplate 
defects/fractures do not consistently cause disk de-
generation, although this finding may well be differ-
ent in displaced fractures and disrupted disks. In all 

Fig. 61. Chronological series of fluoroscopic images demonstrating the procedure of balloon vertebroplasty for traumatic 
fractures after posterior fixation in a human cadaveric thoracolumbar specimen

Fig. 62. Anteroposterior fluoroscopic image during transpe-
dicular drilling of the goat vertebral body
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PMMA specimens, regardless of contact of the ce-
ment with disk tissue, a fibrous layer was found 
between cement and bone (Fig. 64). In some cases 
a mild inflammatory reaction was observed around 
the PMMA cement. In the CPC specimens, histo-
logical signs of close cement-bone integration and 
some early remodeling were observed. Although 
recent (yet unpublished) observations by others de-
scribe lethal complications after intentional extrava-
sation of CPC in an animal model, no peri- or post-
operative problems were encountered in our cohort 
of goats [Bernhard 2003].

This study indicated that for traumatic fractures, 
which are suffered mainly by young and active pa-
tients, CPC, because of its favorable biocompatibil-
ity, may be a more suitable bone-void filler than 
PMMA cement.

A clinical trial to assess the feasibility and safety of
BAER and VTP for traumatic thoracolumbar fractures

Encouraged by these preclinical studies, it was de-
cided to perform a trial in patients with burst-type 
fractures using BAER and VTP techniques with CPC, 
as an adjunct to routine posterior short-segment 
pedicle screw fracture reduction and fixation [Ver-
laan and Dhert 2005]. It was hypothesized that re-
ducing the fractured endplate and augmenting the 
anterior spinal column through a transpedicular ap-

proach would decrease the chance of spine segment 
collapse and subsequent kyphosis, thereby decreas-
ing the need for secondary anterior spine surgery. 
The clinical study proposal was approved by the 
institutional review board. Twenty patients, 18 years 
of age or older, with a recent (< 5 days) axial burst 
fracture (meaning A.3 and all of its subtypes, accord-
ing to the AO classification) of the thoracic or lum-
bar spine without neurologic deficits were included 
after obtaining informed consent. Patients with a 
rupture of the posterior longitudinal ligament (PLL) 
on preoperative MRI examination were excluded be-
cause of safety considerations. Preoperative antero-
posterior and lateral radiographs of the fractured 
spine were obtained, as well as MRI scans, for as-
sessment of damage to the endplate, vertebral body 
and discoligamentary structures. Short-segment ped-
icle screw and rod reduction and fixation (Diapa-
son®, Stryker Corporation) was performed in all 
cases. Using posterior instrumentation, the adjacent 
vertebral bodies were realigned using the conven-
tional technique of fracture dekyphosis and distrac-
tion. The pedicles of the fractured vertebral body 
were subsequently identified and probed. Under 
fluoroscopic guidance, two cannulas were inserted 
into each pedicle through which KyphX balloons 
(Kyphon Inc.) were inserted under the fractured end-
plates. After positioning the balloons under the most 
impressed part of the endplate, using fluoroscopic 

Fig. 63. Low magnification photograph of a histological 
section demonstrating a goat spine segment (cranial verte-
bral body-dish-caudal vertebral body) six weeks after cal-
cium phosphate cement (CPC) vertebroplasty. The arrows 
point to excellent osseointegration of CPC and intact lamel-
lar configuration of the annulus fibrosus

Fig. 64. Low magnification photograph of a histological 
section six weeks after PMMA vertebroplasty including an 
endplate defect to allow for nucleus pulposus-cement con-
tact. The arrows point to the fibrous tissue layer between 
cement and cancellous bone
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guidance, the bone tamps were inflated. Fluoroscop-
ic images were obtained frequently to assess the 
amount of reduction achieved and to detect unwar-
ranted (posterior) displacement of bone fragments. 
Subsequent individual inflation of the bone tamps 
allowed fine-tuning of endplate reduction and cor-
rection of asymmetric (scoliotic) deformities. The 
amount of CPC (BoneSource®, Stryker Corporation) 
needed to fill the resulting defect in the vertebral 
body was estimated from the total balloon volume 
and prepared for injection. The balloons were then 
deflated and removed. The defects were filled by 
cement injection without any pressurization under 
continuous fluoroscopic monitoring (Fig. 65a–c). Fi-
nally, a bisegmental posterolateral fusion with au-

tologous iliac crest bone was performed in all cases. 
At approximately 17 ± 3 months follow up, the ped-
icle screw instrumentation was removed as part of 
the study protocol to evaluate the effectiveness of 
BAER with VTP. Anteroposterior and lateral radio-
graphs and MRIs were obtained preoperatively, post-
operatively and 1 month after removal of the poste-
rior instrumentation. A total of 20 patients with 21 
fractures were treated. No neurologic complications 
were encountered. Substantial correction of all ra-
diologic parameters was observed. The average 
Cobb angle was corrected from 11 (± 9.2) degrees 
preoperatively to –1.6 (± 9.5) degrees postoperative-
ly to 3.0 (± 11.4) degrees after instrumentation re-
moval. The average central body height increased 

Fig. 65. Chronological series of fluoroscopic images demonstrating the clinical procedure of balloon assisted endplate re-
duction (BAER) with vertebroplasty (VTP) for traumatic fractures after posterior fixation: a) an impressed endplate even after 
optimal reduction of the adjacent levels; b) the reduction of the fractured endplate after balloon inflation; c) partial reduction 
of the endplate after balloon removal and cement injection

a b c

a b c

Fig. 66. Lateral radiographs of a lumbar spine showing: a) the initial burst fracture of L1; b) a good reduction after pedicle 
screw fixation and BAER and VTP; c) a good reduction one month after instrumentation removal (18 months posttrauma)
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from 66% (± 10.7%) preoperatively to 81% (± 10.4%) 
postoperatively to 80% (± 12.0%) of the estimated 
intact height after instrumentation removal (Fig. 66a–
c). Substantial canal clearance was observed in all 
cases on the sagittal MRIs at follow up. Posterior 
bone displacement was not detected intraoperative-
ly or at various phases during follow up in any of the 
patients. Cement leakage, defined as any amount of 
cement outside the confines of the vertebral body, 
was seen in five patients. In one (asymptomatic) pa-
tient, some cement was found in the spinal canal. 
Although its presence in proximity of the spinal cord 
is highly undesirable, the longer plasticity (> 20 min-
utes) and isothermic curing of CPC probably makes 
it less hazardous at this location than PMMA ce-
ment. In the other four cases, cement leakage oc-
curred in clinically less significant locations such as 
the psoas compartment twice and disk space twice. 
The additional BAER procedure did not cause any 
technical surgical difficulties and required approxi-
mately 20 minutes of extra operation time. Because 
we observed that early pedicle probing of the frac-
tured vertebra caused substantial blood loss from 
the vertebral body, probing was postponed until af-
ter fracture reduction and instrumentation. Inflation 
of the balloons stopped the intravertebral bleeding 
immediately. It was discovered that potentially dan-
gerous cement leakage was caused by building up 
(even minor) pressure in the syringe during cement 
injection. We subsequently developed the practice 
of first injecting a small amount of saline into one 
cannula and, when unimpeded outflow through the 

other cannula was observed, injection pressure 
could be kept low as the flow of excess cement 
through the contralateral cannula was unrestricted 
(Fig. 67). Cannula removal was also postponed until 
closure of the wound, allowing for initial setting of 
the CPC. These two practical changes resulted in no 
further cement leakages. Long-term follow up (> 5
years) is currently under way to study the incidence 
and amount of subsequent kyphosis after hardware 
removal.

BAER with VTP seems feasible and safe for aug-
mentation of the anterior column in patients with 
selected traumatic thoracolumbar A.3 burst-type in-
juries. However, the superiority of this technique 
over nonoperative treatment or anterior/circumfer-
ential stabilization can only be reliably demonstrat-
ed with a randomized controlled study.

Detailed analysis of intraoperative changes in bone
displacement and endplate reduction during balloon
vertebroplasty visualized with 3D rotational X-ray
imaging

Although we had shown the feasibility of BAER and 
VTP as a less invasive method for reinforcing the 
anterior spinal column, there were some unresolved 
issues. Firstly, it was observed during the clinical 
trial that although it was possible to reduce the end-
plate almost completely with the inflatable bone 
tamps, a considerable amount of correction was 
immediately lost after deflation and removal of the 
balloons. This phenomenon was confirmed by com-
paring fluoroscopical images obtained during the 
surgical procedure. Since these images represented 
the projection of all radiopaque structures in the 
field of view, including cortical walls, cortical rim 
and endplate, it was not possible to quantify the 
actual loss of endplate reduction. The correction 
loss was probably related to hydrostatic disk pres-
sure, spinal/abdominal muscle tone and/or the pres-
ence of large defects under the endplate caused by 
the inflation of the balloons effectively autografting 
cancellous bone to the periphery and leading to a 
decrease in vertical cancellous support [Sato 1999]. 
Positioning of the balloons under the most impressed 
part of the endplate was also problematic because 
of the flexible design of the catheter tips. Recently, 
unidirectional balloons have been used by other 
authors to overcome this problem (see chapter 7). 
To elucidate the biomechanical mechanisms at work 
during BAER and VTP we quantitatively studied the 
endplate reduction with a 3D Rotational X-Ray 

Fig. 67. Intraoperative photograph showing the unilateral 
technique of injecting cement using the contralateral can-
nula as overflow channel
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(3DRX) imaging technique in a similar and previ-
ously used human cadaveric fracture model [Ver-
laan 2005]. Using this validated technique it was 
possible to obtain reconstructions of the spinal 
specimen in any chosen plane during the actual 
BAER/VTP procedure (Fig. 68a–c). Almost complete 
endplate reduction was measured after inflation of 
the balloons [Verlaan, van de Kraats and Oner 
2005]. However, a significant amount of correction 

loss was observed during the interval (typically 30–
60 seconds) between deflation of the balloons and 
injection of cement (see also Fig. 69 for a graphical 
representation of the correction gained and lost). 
This loss of endplate reduction will probably be 
even more pronounced in a clinical setting because 
of the higher hydrostatic pressure in living hydrated 
disks and the presence of muscle tone and/or ab-
dominal cavity pressure. Furthermore, the large 

Fig. 68. Chronological series of reconstructed midsagittal 3D rotational X-ray images demonstrating excellent intraoperative 
imaging of the BAER and VTP procedures

a b c

Fig. 69. Bargraphs showing the height of the cranial disk, vertebral body and caudal disk of lumbar specimens during the 
various phases of the experiment
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voids created by the inflatable bone tamps under 
the fractured endplates may increase the amount of 
disk intrusion, since structural support of the end-
plates is obviously decreased at these locations, 
clearly demonstrated in Fig. 70. Low pressure injec-
tion of cement partially restored the endplate reduc-
tion by filling the previously created void.

For safety reasons only patients with relatively 
simple burst fractures demonstrating an intact PLL 
on preoperative MRI were treated initially. An inter-
esting question would be whether this technique 
could also safely be used in burst-type fractures 
with posterior ligamentous complex (PLC) lesions 
and posterior/anterior longitudinal ligament (PLL/
ALL) injuries. Theoretically, an intact PLL and/or ALL 
could prevent or limit anterior/posterior bone dis-
placement and subsequent cement leakage through 
the posterior or anterior vertebral body wall respec-
tively. These issues were studied using the 3DRX 
imaging technique in a modified human cadaveric 
fracture model in which more severe fractures were 
created by adding torsion or flexion forces before 
impact, resulting in PLC, PLL and ALL injuries [Ver-
laan et al. 2005]. Even when severe ligamentary and 
bony damage was present, signifying B-type and 
C-type fractures, it seemed safe to use BAER and 
VTP in this cadaveric model as we observed no 
clinically significant increase in anterior/posterior 
fragment displacement or increase in frequency/
amount of cement leakage in comparison to much 
simpler A-type burst fractures (Fig. 71). Since clinical 
data on the safety of treating patients with B-type 
and C-type fractures by BAER and VTP are absent, 

this technique cannot yet be recommended for rou-
tine use.

A combination of external fixation and balloon
vertebroplasty for traumatic fractures

The next question would be whether it is really 
necessary to use adjunctive pedicle screw fixation, 
which requires considerable soft-tissue dissection, 
in unstable burst fractures. Pedicle screws are valu-
able for getting adequate fracture reduction and 
fixation but, in fracture types with anterior column 
involvement only, it was hypothesized that these 
screws might be safely removed after adequate an-
terior column restoration with BAER and VTP. In his 
clinical series in the late 1970s, Magerl showed that 
it was feasible to treat thoracolumbar burst fractures 
with the external spine fixator (ESF) [Magerl 1984]. 
Unfortunately, the patients had to carry the ESF for 
four to five months before healing of the anterior 
column fracture occurred and subcutaneous infec-
tions were numerous. This was the main reason a 
scaled-down version of the ESF was developed by 
Dick to be used as a submuscular implant; this de-
vice became the original internal fixator [Dick 1985]. 
With the use of BAER and VTP, it could be feasible 
to remove the ESP directly after curing of the ce-
ment in selected traumatic thoracolumbar fractures 
(A.3.1; meaning partial burst fractures) with involve-
ment of the anterior column only (Fig. 72a–d). Our 
first human cadaveric studies in which the ESF was 
used to reduce and fixate the fracture for the time 
of the CPC to cure gave promising results but also 
posed new questions [Verlaan 2004]. Although sig-
nificant height restoration was feasible with this 
technique, a considerable and significant loss was 
observed after applying physiological loads to the 
augmented spinal segment, raising the question of 
whether immediate/early ESF removal is a good 
idea. Before these experimental techniques can be 
routinely used in clinical practice, further studies 
are needed to clarify many important clinical issues, 
such as which AO-type/subtypes fractures to treat 
or not to treat, what the optimal duration of external 
spine fixator application is, and whether continuous 
adjustment of fracture alignment by ESF extension/
distraction/dekyphosis during healing may be ben-
eficial.

The new generation of percutaneously inserted 
pedicle screw constructs may also prove to be an 
interesting step in reducing collateral soft tissue 
damage. Although, to the authors’ best knowledge, 

Fig. 70. Reconstructed transverse image of a cadaveric burst 
fracture after deflation and removal of balloons, demonstrat-
ing the resulting large voids in the vertebral body
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no series describing the percutaneous treatment of 
traumatic fractures have yet been published, some 
surgeons have used these systems with apparent 
success [Finiels 2006]. The combination of percuta-

neously inserted pedicle screw systems in combina-
tion with BAER and VTP may provide a less invasive 
solution for various cases where PLC injury is en-
countered or suspected.

Fig. 72. a–d Chronological series of radiographs demonstrating a human cadaveric thoracolumbar burst fracture treated by 
external spine fixator, BAER and VTP with calcium phosphate cement
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Fig. 71. Bargraph showing posterior bone displacement during instrumented balloon vertebroplasty for both thoracic and 
lumbar specimens during the various phases of the experiment
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Conclusions

The treatment of thoracolumbar spine fractures has 
been one of the most contentious subjects in trau-
matology [Knop 2002; Thomas 2006; Wood 2003]. 
Difficulties in proper imaging and classification of 
these injuries have certainly played an important 
role in the development of many controversies 
[Oner 1999]. The difficulties in accessing the ante-
rior spinal column and the obvious risks caused by 
the close proximity and involvement of the dural 
sac have hampered the application of general trau-
ma surgery principles to the thoracolumbar spine. 
These factors have led to a higher threshold for sur-
gical treatment of spinal injuries compared with pe-
ripheral skeletal injuries. As a result, we have be-
come accustomed to patient-unfriendly treatments 
such as plaster jackets and long-term recumbency. 
Moreover, surgeons seem to accept considerable 
residual deformities following thoracolumbar frac-
tures, something we are typically reluctant to accept 
in the peripheral skeleton [Shen 2001]. Although 
spinal deformity may be well tolerated by the major-
ity of trauma patients in the short term, there are no 
reliable data on the long-term effects of non-physi-
ological biomechanical loading caused by pro-
nounced posttraumatic thoracolumbar kyphosis 
[Weinstein 1987]. Considering the young age of the 
average trauma patient and their increased life ex-
pectancy, it might not be a good idea to leave these 
individuals with substantial spinal deformity for the 
decades to come. However, the present consensus 
amongst many surgeons, especially in the USA, is to 
perform surgery only in cases of significant me-
chanical instability or neurological involvement 
[Vaccaro 2005]. Better understanding of the basic 
injury mechanisms and their consequences may en-
able us to develop operative techniques to repair 
damage with minimal surgical injury, possibly re-
ducing the long-term discomfort and residual defor-
mity of our patients. 

In this chapter a logical series of cadaveric/ani-
mal/clinical experiments was presented to assess 
and discuss the possible benefits and potential risks 
of using inflatable bone tamps and bone cement in 
combination with pedicle screw constructs to aug-
ment the anterior vertebral column for various trau-
matic lesions, including dislocated fractures with 
severe ligamentary instability. The rationale behind 
these experiments is formed by the hypothesis that 
anterior spinal column augmentation using a trans-
pedicular approach may decrease the chance of 

postoperative and long-term kyphosis and the need 
for secondary, more demanding, anterior or circum-
ferential surgery. BAER and VTP in combination 
with pedicle screw instrumentation, whether insert-
ed in a classic open approach, inserted percutane-
ously, or used in combination with an external fix-
ator (the approach largely depending on fracture 
morphology and injury severity), may play an im-
portant role in the development of less invasive sur-
gical methods for treating a large spectrum of tho-
racolumbar spine fractures.
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Percutaneous kyphoplasty in traumatic 
fractures

G. Maestretti, S. Krajinovic, and P. Otten 

Terminology

Kyphoplasty:  A method of percutaneous restoration 
of the shape of vertebral bodies with 
the aim of correction of a traumatic 
kyphotic deformity 

IBT: Inflatable bone tamp 
VAS: Visual analog scale 
CPC: Calcium phosphate cement 
PMMA: Polymethyl methacrylate
VCF: Vertebral compression fracture 

Introduction 

Ninety percent of all traumatic spinal fractures oc-
cur in the thoracolumbar region and 66% of these 
are type A (A1 35%, A2 3.5%, A3 27.5%) compres-
sion fractures mainly involving the vertebral body 
(VB) [Magerl et al. 1994]. The posterior column 
presents only minor injuries, if at all. The height of 
the VB is reduced, but the posterior ligamentous 
complex is intact. Translation in the sagittal plane 
does not occur. Typical axial compression with or 
without flexion causes this type of injury. The inci-

dence of neurological injuries increases to approxi-
mately 32% in burst fractures of type A3 (Fig. 73) 
[Liebermann et al. 2001]. Although this is a very 
common fracture, there is no consensus on stan-
dard treatment. Various opinions have been ex-
pressed on the best appropriate treatment for those 
fractures without neurological deficit and it remains 
a subject of controversy [Ooms et al. 2003a; Shen 
et al. 2001]. Internal fixation offers immediate stabil-
ity and the possibility of correcting a major defor-
mity, if necessary even with decompression of neu-
rological structures. Non-operative care with a 
brace or body cast offers the same possibility of 
stability, although with lesser correction of defor-
mity [Mainard et al. 2003; Ooms et al. 2003a, b]. In 
Wood et al. [2003] published long-term results of a 
randomized study comparing conservative treat-
ment with the surgical instrumented technique and 
did not find any advantage for surgery [Wood et al. 
2003]. 

Failed stability after pedicle screw fixation and 
especially after removal of instrumentation or after 
conservative management is possibly due to lesions 
of the disc and later to disc degeneration with de-
creased anterior column support [Oner et al. 1998; 
Mainard et al. 2003]. Restoration of vertebral height 
and preservation of the endplate may prevent the 
secondary risk of kyphotic deformation and also 
reduce the risk of chronic pain. 

Fig. 73. Example of a type A3.2 fracture of the L1 vertebra 
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Kyphoplasty was developed for the treatment of 
painful osteoporotic compression fractures and for 
VB height restoration and cement augmentation, 
and the technique has shown a lower complication 
rate than vertebroplasty [Eck et al. 2007; Fujikawa 
et al. 1995; Kopylov et al. 1996]. 

The introduction of CPCs with better biocompat-
ibility [Brown and Chow 1983; Chow et al. 1998; 
Driessens et al. 1993, 2002; Fernandez et al. 1998; 
Frankenburg et al. 1998; Hutton et al. 2000; Khair-
oun et al. 1997, 1998; Tomita et al. 2003] than 
PMMA and with enough resistance under compres-
sion [Tomita et al. 2003] has enabled, in association 
with kyphoplasty, new treatment in some type A 
fractures in young patients. 

History of kyphoplasty

Kyphoplasty was developed independently of verte-
broplasty in the 1980s by an orthopedic surgeon 
looking for a minimally invasive surgical procedure 
for dealing with the pain and deformity of vertebral 
compression fractures (VCFs) and which would fol-
low orthopedic principles: anatomy restoration and 
solid fixation while minimizing tissue disruption. 

The first balloon kyphoplasty procedure for os-
teoporotic VCF was performed by Dr. M. Reiley in 
Berkeley California in 1998. The CE mark was ob-
tained in February 2000.

In standard kyphoplasty procedure, an inflatable 
bone tamp (IBT) or balloon is used to restore the 
height of the vertebral body and correct the spinal 
deformities before cementation. 

The technique shares similarities with vertebro-
plasty only in the use of percutaneous intrabody 
cannulae for cement injection; however, kyphoplas-
ty has a number of potential advantages, such as a 
lower risk of cement extravazation and the potential 
for better restoration of vertebral height. 

The idea of using this technique to treat trau-
matic fractures in young patients appeared in three 
European groups independently of each other. The 
first standalone kyphoplasty procedure with a CPC 
for traumatic fractures was performed in Belgium by 
Prof. P. Vanderschot in July 2002. At the same time 
two other groups started using the same technique: 
in Switzerland Dr. G. Maestretti and Dr. P. Otten, 
and in Germany Dr. H. Hillmeier. 

The first advisory team meeting, regrouping the 
Kyphon Trauma Group (Dr. Ortner Austria; Dr. Fran-
canella, Italy; Prof. Dr. Vanderschot, Belgium; Dr. 
Maestretti, Switzerland; Dr. Hillmeier, Germany), 

was held in Belgium in March 2003 with the aim of 
better defining the indications and laying the foun-
dations for standardization of this technique. 

Advantages of percutaneous kyphoplasty

This minimally invasive technique offers the advan-
tage of a lower risk of morbidity, thus allowing a 
quicker return to daily activities, work and sports. 
The immediate disappearance of pain with minimal 
operative risks and guaranteed biomechanical sta-
bility of the fractured vertebra offer advantages over 
the standard treatment. 

As blood loss is minimal, kyphoplasty could be 
a first choice technique in polytraumatized patients 
needing short-term stabilization of the spine, thus 
improving nursing in ICU without any risk of sec-
ondary lesions.

The technique of kyphoplasty enables normal 
mobilization after six hours, depending on residual 
pain, without a brace. Patients can be discharged 
from the hospital the same day that the operation 
took place. 

Disadvantages of percutaneous kyphoplasty

This technique is an operation and is preferably 
performed under general anesthesia even though it 
is minimally invasive; it also necessitates extensive 
use of fluoroscopy.

The technique uses the same approach as a ky-
phoplasty in osteoporotic fractures but the applica-
tion of the CPC is more difficult, mainly because of 
the short crystallization time, which makes it diffi-
cult to apply the cement and necessitates a long 
learning curve.

The initial cost is high, because of the price of 
IBTs, but we believe this cost is balanced out by the 
short hospitalization and a faster return to work. 

Indications for percutaneous kyphoplasty

The Kyphon trauma group reached consensus on 
the following indications: traumatic fractures of 
types A1 and A3.1, involving vertebral bodies from 
Th5 to L5, without any neurological deficit, with at 
least 15° of VB deformity (angle inferior versus su-
perior plate) in monotrauma lesion or 10° in poly-
traumatized patients or with multilevel fractures. In 
type A2 fractures with a split less than 2 mm and in 
A3.2 fractures greater experience with standalone 
traumatic kyphoplasty is necessary and in most cas-
es PMMA cementation is advised. Kyphoplasty may 
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be considered in types A3.3, B and C fractures as-
sociated with posterior instrumentation. 

Contraindications

Contraindications are given for fractures at high tho-
racic level above Th5, cervical fractures, type A2 
fractures with a split larger than 2 mm, fracture 
types A3.3, B and C in standalone kyphoplasty. 
Pathological fractures and fractures older than three 
weeks are not treated with this technique. Preg-
nancy, infection and any contraindication for gen-
eral anesthesia also exclude treatment by kypho-
plasty. 

Surgical technique 

Kyphoplasty technique in traumatic fractures 

Preoperative CT evaluation of the fracture line is 
mandatory in traumatic fractures. An ideal planifica-
tion of the placement (in two planes) of the cannu-
lae and the IBT is necessary for VB reconstruction 
(Figs. 74 and 75).

In order to facilitate spontaneous reduction of the 
fracture, the patient is in prone position with lordo-
sis. Sometimes this positioning of the patient already 
results in reduction of eventually present posterior 
fragments. A fluoroscopic C-Arm is set for AP and 
lateral images. Just as in standard balloon kypho-

plasty (Kyphon), an inflatable bone tamp (IBT or bal-
loon) is used to restore the VB height and correct the 
spinal deformities and the VB endplate before ce-
mentation. Nevertheless, there are some main differ-
ences from the standard kyphoplasty for osteoporo-
sis: after the correct identification of the involved 
level, Yamshidi cannulae are placed under fluoros-
copy in a trajectory 2 mm inferior and parallel to the 
fracture line, ideally into it, via either a trans- or an 
extrapedicular route, taking care to stay a few milli-
meters under the fractured endplate (Figs. 76 and 
77). The planning of the procedure and trajectory of 
the cannulae, also the choice of route, depends on 
the fracture location and the anatomy as seen on the 
pre-operative CT scan (Figs. 74 and 75). 

The choice of size and type of IBT depends on 
the size of the VB, the amount of reduction needed 
and the type of fracture. For example, in an A3.1 
fracture at the Th10 level a 4-cc balloon is preferred 
and is placed in the anterior third portion of the 
vertebra to minimize the risk of posterior fragment 
displacement into the canal. The two IBTs, filled 
with radio-opaque medium, are simultaneously in-
flated up to 50 psi and then progressively inflated by 
0.5 ml under lateral fluoroscopy guidance (Figs. 78 
and 79).

In young patients with acute fractures and good 
bone quality, high pressures of 300 psi are quickly 
obtained, with a low-volume IBT. With optimal po-

Fig. 74. Axial planning, ideal trajectory to obtain “kissing 
balloons” 

Fig. 75. Sagittal planning, 2 mm inferior to the fracture 
line 

G. Maestretti, S. Krajinovic, and P. Otten 



119

Fig. 76. Lateral view of the Yamshidi cannula which is in-
troduced transpedicularly 

Fig. 77. AP view (left-hand side: guide pin, right-hand side: 
Yamshidi cannula) 

Fig. 78. Filling of the balloons with radio-opaque medium 
under lateral fluoroscopic guidance

Fig. 79. AP view of the balloon position 
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sition of the balloons and a little bit of perseverance, 
progressive displacement of the trabeculae and cor-
rection of the fracture are obtained and the initial 
high pressure should decrease while the balloons 
reduce the fracture and expand themselves. Opera-
tive time is proportional to the type and age of the 
fracture and the degree of VB kyphosis, and may 
take more than 1 h. To avoid rupture of the bal-
loons, maximal pressure of 430 psi and a respective 
total volume must not be exceeded. 

When satisfactory reduction of the fracture has 
been obtained, both IBTs are removed and the bone 
cavity created by the IBT is filled with cement. In 
case of loss of correction after removal of the bal-
loons, a two-time cementation is used: one balloon 
is refilled without contrast agent and replaced in the 
VB on the side of the greatest deformity. Thus, the 
endplate is restored again and the other half of the 
VB can be cemented first; after removal of the bal-
loon the second half is cemented. Calcibon  (Bio-
met Merck) is kept in a refrigerator and in order to 
delay the crystallization time it is mixed just before 
use. With the new CPC KyphOs  this step is not 
necessary as the handling and setting times are lon-
ger. Mixing is always performed by pouring the liq-
uid first then adding the powder and stirring for 60 s

to obtain a viscous consistency. Kyphon 1.5 cc bone 
fillers are pre-filled quickly. The distal end is ob-
truded with bone wax to protect the cement from 
early contact with blood, as blood also increases 
the crystallization of Calcibon . Cementation of the 
VB with a CPC starts in the anterior part and pro-
ceeds posteriorly, under constant lateral fluoroscopy 
(Figs. 80 and 81), paying special attention to poste-
rior fragments in type A3 fractures. This very short 
phase takes approximately 3 minutes but is difficult 
to perform and needs extensive experience with 
conventional PMMA cement (Figs. 84 and 85) to 
achieve full cementation of the VB. After crystalliza-
tion the cannulae are removed, a final fluoroscopy 
check is performed and the skin is sutured. 

Calcium phosphate cement

CPCs consist of a powder containing one or more 
solid compounds of calcium and/or phosphate salts 
and a cement liquid that can be water or an aque-
ous solution [Bai et al. 1999]. If the powder and the 
liquid are mixed in an appropriate ratio, they form 
a paste that at room or body temperature sets by 
entanglement of the crystals precipitated within the 
paste [Tomita et al. 2003; Verlaan et al. 2002]. The 

Fig. 80. Progressive inflation of the balloons Fig. 81. End position of balloon inflation (“kissing bal-
loons”) 
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Fig. 82. Balloons are yet removed, insertion of the cement 
filling cannulae on both sides 

Fig. 83. Cement application 

Fig. 84. Result with PMMA cement in AP view Fig. 85. Result with PMMA cement in lateral view
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material can be shaped for several minutes and is, 
depending on the liquid-to-powder (L/P) ratio, in-
jectable via a syringe [Brown and Chow 1983; Chow 
et al. 1998]. One of the most important characteris-
tics of CPC is its ability to be osteoconductive and 
degradable [Driessens et al. 1993, 2000; Khairoun 
et al. 1997, 1998]. 

Although numerous reports have been published 
on in vitro and in vivo CPC investigations, there are 
still some problems to overcome [Wolke et al. 1999]. 
These mainly involve the setting time and the deg-
radation rate of the cement in vivo, whereas the 
compressive strength reached after setting has been 
much improved [Frankenburg et al. 1998; Hillmeier 
et al. 2004]. CalcibonTM has been available for clin-

ical use since June 2002 and for vertebral augmen-
tation since 2006. Mixing the powder with a liquid 
(disodium hydrogen phosphate) at an L/P ratio of 
0.35 produces a paste with a cohesion time of 
1 min, initial setting time of 3 min and final setting 
time of 7.5 min at 37°C without exothermic reac-
tion. A compressive strength of 30 MPa is reached 
at 6 h and 60 MPa at 3 days [Ooms et al. 2000; 
Wenz et al. 2000]. A biologic improved osteotrans-
duction capacity after 6 months without cellular 
toxicity or mutation has been confirmed in animal 
studies [Ooms et al. 2002a, b; Ooms et al. 2003a, 
b; Verlaan et al. 2002].

Calcibon  is composed of 61% -tricalcium 
phosphate (TCP), 26% calcium hydrogen phosphate, 

Fig. 86. Example of a type A3.2 fracture treated with CPC, 1 year post-operatively (same patient as in Fig. 72) 
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10% calcium carbonate and 3% hydroxyapatite. 
The cement paste hardens as a CDHA trough hy-
drolysis of the -TCP:

3 Ca3 (PO4)2+ H2O  Ca9 (HPO4) (PO4)5 OH 

Calcibon  complies with the stated requirements 
when mixed at L/P ratios of 0.30–0.40 and is inject-
able via a syringe at L/P ratios of 0.33–0.40. 

Cell culture studies using fibroblast and human 
bone marrow osteoprogenitor cells have shown that 
the material is not cytotoxic and that it stimulates 
differentiation of osteoblasts. Osteoclast response to 
the cement in tissue culture showed that the mate-
rial was reabsorbed by osteoclasts. 

The newer material, KyphOs  shows optimal 
characteristics at an L/P ratio of 0.4. It consists of an 

-TCP 77.4%, magnesium phosphate 14.3%, mag-
nesium hydrogen phosphate 4.7% and strontium 
carbonate 3.6%. A compressive strength of 6.1 MPa 
is reached at 20 min after mixing, 120 MPa after 
120 min and 105 MPa at 24 hours [Schwardt et al. 
2006]. 

Postoperative care 

Depending on the patient’s residual pain, mobiliza-
tion can start from the 6th postoperative hour after 
cementation with Calcibon  or KyphOs. After the 
use of PMMA, mobilization can begin at 3 hours 

Fig. 87. Example of a type A3.2 fracture treated with CPC, 2 years post-operatively (same patient as in Figs. 73 and following)
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postoperatively. We advise patients not to lift any 
load and to avoid physical effort for a period of two 
weeks.

Gentle decontracting massages are prescribed, 
with isometric muscular reinforcement. Standard 
advice for good back posture is given by a physio-
therapist. After two weeks the patient may return to 
work and take part in sport; any delays are due to 
residual post-traumatic muscle contraction. 

Results of our study 

Between August 2002 and August 2003, 28 patients 
(10 female and 18 male) under the mean age of 38 
(17–64) were treated for a total of 33 acute trau-
matic type A vertebral fractures without neurology. 
The follow-up with a mean of 30 months was 100%. 
Six patients had additional fractures. The affected 
levels were T11 (4), T12 (4), L1 (6), L2 (9), L3 (7), L4 
(2) and L5 (1). The types of fractures were 3 A1.1, 21 
A1.2, 7 A3.1 and 2 A3.2 and the operation was 
performed at a mean of 3.4 (1–21) days after injury. 
The mean surgery time was 60 (35–90) min. The 
mean final pressure of the IBT was 233 (180–400) 
psi and in all cases substantial reduction of frac-
tured endplate was achieved. The mean volume of 
Calcibon injected was 6.8 (4.5–9) ml. The blood 
loss was insignificant. No adverse hemodynamic 
events were detected per-operatively. The mean ini-
tial pre-operative vertebral kyphosis, measured in 
supine position, was 17° (0–24°); the mean per-op-
erative reduction obtained was 5° (0–9°). We no-
ticed a loss of correction from a mean of 6° (0–11°) 
in the standing X-rays at 24 h to a mean of 9° (0–
17°) at the last follow-up (P = 0.001). The mean 
segmental kyphosis in supine position was 3° (–36° 
to +26°) pre-operatively, –6° (–28° to +20°) per-op-
eratively, –1° (–38° to +22°) post-operatively at 24 h 
(standing X-rays), and –1° (–32° to +28°) at the last 
follow-up (P = 0.071). The height restoration (Beck 
Index) was 0.70 (0.50–0.90) pre-operatively, cor-
rected to 0.90 (0.81–1) per-operatively, 0.87 (0.81–1) 
post-operatively at 24 h, and 0.84 (0.76–1) at the 
last follow-up (P = 0.002). The loss of correction 
was not significantly correlated with the clinical out-
come. The VAS decreased over time from a pre-
operative mean of 8.7 (7–10), to 3.1 (0–5) at 7 days 
and 1 (0–4) at the last follow-up (P = 0.001). 

The Roland–Morris disability score improved 
similarly during the follow-up from a mean of 3 
(0–12) at 7 days to 2 (0–9) at the last follow-up (7 
days post-operatively and at 2 years, P = 0.004). 

Only the post-operative Roland-Morris data are re-
ported because most of the patients are young and 
presented a normal score before the accident. All 
patients with isolated vertebral fractures (N = 22) 
recovered uneventfully without neurological deficit 
and were discharged within 48 h and returned to 
the same work within 3 months with the same 
working ability as before the accident. No long-term 
clinical complications were detected at the last fol-
low-up. In the majority of cases the cement was not 
completely substituted at the last follow-up. On CT 
scan we found partial cement resorption starting 
after 6 months without visible bone formation. In 
the biopsy at 12 months we found an image (Fig. 88) 
showing normal fracture healing and new bone for-
mation without signs of inflammation or necrosis. 
High variability of cement resorption was confirmed 
by CT measurement (24 h, 1 year). The mean re-
sorption, in reference to the initial volume of ce-
ment applied, was 20.3% (0.3–35.3%) and is related 
to the individual biological resorption process. We 
found no correlation between the kind of fracture, 
the clinical outcome and the amount of resorption 
of the cement. The new bone formation was not 
measurable. In the patients with A1.1 and A1.2 frac-
tures we did not see any segmental decompensa-
tion at the last follow-up. In the patients with A3.1 
and A3.2 fractures (nine cases) we obtained sponta-
neous fusion in the worst case (1/9) or partial loss 
of correction (4/9); in the other cases we did not 
notice decompensation of the disc (4/9) [21]. 

Complications

At July 2007 we had treated a total of 120 patients 
with this technique, not only those in the cited study. 
We have had to re-operate in a total of two cases: 
one type B and one A3.3 fracture that showed VB 
kyphosis in the immediate postoperative X-ray. We 
noticed some technical operative complications: 
two anterior wall perforations by cannulae and six 
cement leakages. Those leakages are defined as any 
cement contact in the disc space that can be ob-
served on the post-operative radiographs or on the 
CT scan. In one case we observed a small leakage 
in the lateral portion of the spinal canal without 
clinical significance. Such leakages certainly occur 
through fracture lines, since we never noticed any 
leakage in veins or any pulmonary embolism.

Long-term results demonstrated a 30% risk of 
spontaneous balanced fusion in fractures with in-
volved disc lesions without clinical relevance. 
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Critical evaluation

The standard treatment for thoracolumbar vertebral 
type A fractures is still debated. Conservative treat-
ment does not restore spinal balance and, because 
of the loss of anterior height, this may lead to ac-
celeration of disc degeneration and loss of anterior 
support.

Open surgical therapy with instrumentation car-
ries definite risks and is destructive to muscles, but 
it helps to restore vertebral height, thus preventing 
the long-term chronic pain sometimes seen in post-

traumatic kyphotic deformations. Kyphoplasty is a 
new technique in the treatment of osteoporotic frac-
tures resistant to conservative therapy and appears 
in some ways to be superior to vertebroplasty, as 
the risk of complications such as cement leakage 
and venous embolism is reduced, and also a greater 
risk of new fracture [Eck et al. 2007]. Nevertheless, 
the databanks of scientific publications offer poor 
results for searches on the use of kyphoplasty in 
traumatic fractures: a couple of case reports present 
the still limited knowledge and/or use of this tech-
nique for this indication. 

In our study [Maestretti et al. 2007] we demon-
strated the feasibility and safety of this new, less 
invasive technique for reduction and direct stabili-
zation of the anterior column after acute type A VB 
fractures. Advantages of this minimally invasive 
technique are an almost immediate return to daily 
activities, disappearance of pain, minimal operative 
risks and maintenance of stability. In addition, blood 
loss is minimal and this could be a first-choice tech-
nique in polytraumatized patients needing rapid sta-
bilization of the spine, thus improving nursing in the 
intensive care unit. This technique enables normal 
mobilization after 6 h, depending on residual mus-
cular pain, without any brace. The patients can be 
discharged home the same day. In comparison with 
conservative treatment with a brace, kyphoplasty 
patients do not have to bear so much inconvenience 
and they have a better reduction of the fracture and 
better control of pain under load. Compared with 
standard surgery, this technique offers a reduced 
risk of morbidity [Müller et al. 1999; Oner et al. 
1998; Resch et al. 2000; Trivedi 2002]. The immedi-
ate stability leads to rapid reduction of pain, allow-
ing a quicker return to work and sports activity. Our 
study shows that treatment of type A thoracolumbar 
fractures with kyphoplasty compares well with the 
standard treatments [Shen et al. 2001; Wood et al. 
2003]. We obtain the benefit of a minimally invasive 
percutaneous technique and, with regard to the fi-
nal kyphosis, achieve the same radiological results 
as in classic surgical technique, but with better clin-
ical outcomes [Bai et al. 1999; Tomita et al. 2003; 
Verlaan et al. 2002]. Comparable results have been 
obtained in a recently published study by Hillmeier 
et al. [2004] comparing kyphoplasty with PMMA or 
CPC in osteoporotic and traumatic fractures either 
as a standalone technique or with associated poste-
rior fixation. Nevertheless, although it is minimally 
invasive, the technique of kyphoplasty is an opera-
tion necessitating general anesthesia and extensive 

Fig. 88. Biopsy site and histological result 1 year post-op-
eratively showing complete integration of the CPC with new 
bone formation
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use of fluoroscopy. The technique uses the same 
approach as kyphoplasty in osteoporotic fracture 
but the application of the CPC is more demanding, 
mainly because of the short crystallization time and 
the difficulty of application, which necessitates a 
long learning curve. Cement cracks and lacunas 
around the cement were observed in all CT scans 
at 1 year, but without any impact on the clinical 
findings. 

Despite histological examinations, we found no 
reasonable explanation for the lacunas. We hypoth-
esize that they correspond to a normal early stage 
of cement substitution with bone. If the cement 
crack appears in the first week it will increase the 
risk of acute kyphotic decompensation. This can be 
explained by a variety of combined factors: on the 
one hand the severe injury of an A3 fracture leads 
to significant endplate damage or associated disc 
ruptures and thence to disturbed pathways of disc 
nutrition; on the other hand incorrect application of 
cement could also be the cause of disturbed crystal 
formation and consequent change in the intrinsic 
properties of the cement. 

In cases of severe A3.1, A3.2 and A3.3 fractures 
we do not recommend the use of CPC and kypho-
plasty in a standalone fashion, because of the low 
shearing stability resulting from the intrinsic charac-
teristic of this biological cement. In such cases, we 
suggest the use of PMMA to achieve a better shear-
ing stability. Further development of cements is nec-
essary to improve handling, intrinsic capacity for 
shearing resistance and also the biological osteo-
transduction. In an animal study comparing the his-
tological reaction to CPC or PMMA in a VB and in 
contact with the disc, Verlaan et al. [2004] con-
cluded that vertebroplasty can be performed with 
both of these cements without increased risk of disc 
or endplate degeneration, even when endplate dis-
continuity is present. Burst fractures of type A3 and 
some type A2 are accompanied with fractures of 
the endplate and lesions of the disc. The endplate is 
the main nutritional pathway to the disc and there-
fore disturbance of the endplate could lead to im-
pairment of vascularization and transport of nutri-
ents. Many studies have demonstrated the progres-
sive degeneration and poor regenerative capacity of 
the disc once a part of the annulus has been dam-
aged [Adams et al. 2000; Hadjipavlou et al. 1999; 
Hutton et al. 2000]. In an MRI study, Oner et al. 
[1998, 1999] found that fracture of the endplate 
resulted in redistribution of disc material through 
the endplate in the VB but did not lead to disc de-

generation. We found no significant loss of segmen-
tal correction after two years, neither in type A1 
fractures (P = 0.107) nor in A3 fractures (P = 0.231). 
In our opinion, restoration of the endplate to pre-
serve the mobility of associated segments could 
maintain the vascularization and the pump nutrition 
in the disc, allowing it to heal, but only in young 
patients and in the lower lumbar level. Only long-
term follow-up will confirm this hypothesis. 

The initial cost of balloon kyphoplasty is high 
because of the price of IBTs, but the cost benefit 
could be balanced by the shorter hospitalization 
and shorter period of inactivity. The high rate of 
early return to normal daily activities and work is 
especially beneficial. Our two-year results of the 
study and five years of experience seem to indicate 
that kyphoplasty and cementation with CPC can be 
used as a potential alternative treatment for acute 
thoracolumbar fractures. Long-term studies are 
needed to assess the maintenance of disc height 
and the biological properties of CPC. When using 
Calcibon  or KyphOS  we recommend standalone 
balloon kyphoplasty only in type A1 and A3.1 acute 
fractures in young patients (< 40 years of age). For 
older patients and in unstable fracture patterns the 
use of PMMA cement in association with posterior 
instrumentation is recommended (fractures of types 
A3.3, B and C). 
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Percutaneous cement augmentation (vertebroplasty) 
was used for the first time in the 1980s, primarily for 
treatment of vertebral hemangioma [Galibert 1987]. 
It was only in the middle of the 1990s that it was 
used for treatment of metastases and increasingly 
for osteoporotic fractures of the spine [Cotten 1996; 
Weill 1996; Jensen 1997; Cortet 1999; Heini 2000]. 
In the meantime, this method has become estab-
lished for treatment of painful osteoporotic fractures 
and for tumorous osteolysis of the spine. The clini-
cal success rate is very high, with rapid pain relief 
in 70–90% of treated patients [Legroux-Gerot 2004; 
Zoarski 2002; Peh 2002; Barr 2000]. 

Patient evaluation

The case history plays a central role in the assess-
ment of patients with a possible osteoporotic frac-
ture. Radiological evaluation of the painful section of 
spine should be carried out in patients complaining 
of pain that occurred spontaneously or after a trau-
matic event. The initial symptoms after a fracture are 
quite uniform in presentation, with considerable cin-
gulate pain. Slowly subsiding pain is an indication of 
increasing solidification of the broken vertebra; con-
tinual strong pain indicates a continuing sintering 
process. These patients should be closely monitored 
with radiology. Patients who complain of mechani-
cal backache over weeks and months, especially 
when changing from a lying into a sitting position, 
possibly suffer from “pseudoarthrosis”. This instabil-
ity can be diagnosed by comparing x-rays taken in a 
standing and in a lying position. Patients with a neu-
rologic deficit (motor deficit, ataxia, radicular pain, 
claudication symptoms) should be diagnosed by 
means of MRI, CT or myelogram. 

The clinical examination often shows a painful 
response to percussion in the fractured area. The 

pain is, however, frequently located deeper than the 
actual fracture. The sagittal balance of the spine is 
often disturbed in patients with high-grade osteopo-
rosis and multiple fractures. All patients should un-
dergo neurological assessment. 

In addition to clarifying the local findings, the 
personal case history (general condition, risk factors 
and medication) should be reviewed. 

Radiological evaluation

The preferred examination method at initial presen-
tation of an osteoporotic vertebral fracture is a con-
ventional radiograph of the corresponding section 
of spine in two planes; this should be done with the 
patient in a standing position if possible. 

MRI examination is suited best for determining 
the age of the fracture. Edema in the vertebral body 
indicates persisting activity. Scintigraphy of the skel-
eton can also be useful for screening. CT is helpful 
for clarifying the osseous situation and especially 
the fracture morphology. It is seldom necessary to 
carry out several examinations. If the case history is 
clear, it will suffice if the conventional radiograph 
correlates with the clinical findings; in cases of un-
certainty (red flags), MRI examination will generally 
supply the necessary additional information for cor-
rect analysis and diagnosis. Comparison of the x-
rays taken in standing and lying positions often re-
veals residual instabilities, which can be found in up 
to 40% of the patients [McKiernan 2003].

Indications and contraindications of 
vertebroplasty

The main indication for vertebroplasty is an osteo-
porotic fracture. The following conditions present 
clear indications: 

Chapter 11 

Alternative methods to kyphoplasty: vertebroplasty – 
lordoplasty 
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– Osteoporotic fractures with corresponding pain 
lasting several weeks; 

– Patients with very severe pain that keeps them in 
bed and which does not subside within 2–4 days 
after cement augmentation; 

– Progressive collapse of one or several vertebrae 
accompanied by an increasing loss of posture; 
this should be treated with multi-level injections 
in one or several sessions; 

– Pseudoarthroses with documented instability; 
– In combination with an open stabilization for 

better anchorage of the implants and for protect-
ing the adjacent vertebrae from fractures (see 
below).

Osteolyses in connection with tumors and metasta-
ses can be treated by means of cement augmenta-
tion. The complication risks and the results differ 
from the treatment of osteoporotic fractures. 

Contraindications

– Pain not associated with a vertebral fracture; 
– Infection;
– Coagulation disorder;
– Inadequate visualization on the image intensifier;
– Neurological deficit;
– An open intervention is indicated.

Surgical techniques and augmentation 
strategies 

The presented technique is based on experience in 
over 500 patients with more than 2000 augmented 
vertebral bodies. 

The operation is performed in three stages: 1. 
introduction of the filling cannula(e); 2. preparation 
of the cement; 3. cement application. The following 
instructions regarding the instruments should be 
observed: a) use of a guiding wire; b) use of large 
filling cannulae (8 gauge); c) use of special radi-
opaque cement with adequate viscosity; d) direct 
cement application by means of small disposable 
syringes.

Materials needed for performance of the 
operation 

Local anesthesia (Mepivacaine 1%), 20 cc syringe 
with three-way tap for the cement distribution, 2 cc 
and 1 cc syringes for the cement injection. Guide 
wire 2 mm/20 cm 8 gauge disposable cannulae 
(Med Tech Gainsville Flordia). There are several 
high-radiopacity PMMA cements available for use 
in augmentation (Vertecem® Synthes, Vertebroplas-
ty® DePuy Acromed, Osteopal®V Biomet-Merck, 
KyphX® Kyphon). There are various sets available on 
the market, such as the vertebroplasty set by Syn-
thes® (Oberdorf, Switzerland). 

The patient is positioned on a vacuum mattress, 
which allows optimal adjustment and offers the pa-
tient the greatest possible comfort. If the operation 
is performed under general anesthesia, we place the 
patient in hyperextension, so that in case of a pos-
sible instability a reduction can be achieved, or in 
order to support a restoration (lordoplasty) if this is 
intended (Fig. 89). 

Fig. 89. a Positioning of patient for local anesthesia. A vacuum mattress is adjusted to ensure the comfort of the patient. b
In general anesthesia the patient is positioned in a hyperextended position with a cushion to support the thorax and pelvis

a b

P. F. Heini and R. Orler



131

Anesthesiological aspects 

Percutaneous vertebroplasty, unlike lordo- and ky-
phoplasty, can usually be carried out under anal-
gosedation. Local anesthesia of the puncture site 
and the periosteum does not suffice for the insertion 
of the guide wires and cannulae or for the cement 
injection. Maintenance of an adequate airway and 
sufficient spontaneous respiration during the anal-
gosedation is crucial for patients lying in a prone 
position. Standard monitoring (ECG, indirect blood 
pressure reading and pulse oximetry) complemented 
by end-tidal CO2 measurement via a nasal cannula 
is usually sufficient for most patients. Oxygen at 
6–10 l/min is given via face mask. As vertebroplasty 
does not cause severe post-operative pain, an ultra-
short-acting opiate is the preferred analgosedation. 
Infusion of remifentanil is started 10 minutes before 
the operation with a dosage of 0.05–0.1 µg/kg per 
min without administering a bolus. The infusion rate 

can then be increased until the respiratory frequen-
cy falls below 10 breaths/min or until the patient 
becomes somnolent, when the infusion rate must 
be reduced or the infusion temporarily stopped. Be-
cause of the very quick elimination of remifentanil, 
the respiratory depression quickly subsides again. 

Bradycardia, hypotension and loss of conscious-
ness could be indications of intravascular leakage of 
PMMA, therefore the blood pressure has to be mon-
itored closely (every 2 min) during the injection of 
cement. 

Lordoplasty and kyphoplasty, unlike pure verte-
broplasty, are mostly performed under general an-
esthesia with endotracheal intubation. 

Screening/imaging

An image intensifier with a large beam focus dis-
tance and very good image quality is needed for 
performance of the operation. Unhindered access in 

Fig. 90. Unhindered access of the image intensifier in the AP and lateral planes is essential. A C-arm with a long tube-cam-
era distance is very helpful. The relevant vertebra has to be identified and marked before the operation field is sterilely 
draped. A biplanar exposure using two image intensifiers is possible, otherwise alternating AP and lateral views are necessary 
while injecting the cement
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the PA and lateral planes is necessary. The section 
to be treated should be examined and marked be-
fore sterile draping the area. The operation should 
only be carried out if good visualization of the spine 
is possible; if otherwise, it should be refrained from, 
as is usually the case in fractures in the upper tho-
racic spine and may also be the case in the lower 
lumbar spine. A biplanar exposure using two image 
intensifiers can be an alternative (Fig. 90). 

The vertebrae that are to be augmented are iden-
tified with the image intensifier. The x-ray has to be 
aligned exactly parallel with the endplates (in case 
of fractured vertebrae, the adjacent vertebrae are 
helpful as a reference). The vertebra is brought sym-
metrically into the AP projection. The access point 
for the cannula is defined on the skin on this basis 
and lies approx. 6 cm laterally of the midline 
(Fig. 91). 

Placing the cannulae 

A depot of local anesthesia is placed in the skin and 
periosteum at the entry point into the bone; 3–5 ml 
per puncture site. A guide wire is placed via a stab 
incision, converging caudally towards the spine. The 
wire is led by means of long forceps so that the 
operator’s hands can be kept out of the x-ray path. 
In order to check the depth of the wire, a clamp is 
fixed approx. 3 cm above the skin level. At first 
bone contact, the position of the tip of the wire 
should be cranial and lateral of the pedicle projec-

tion. The guide wire is then driven further with 
hammer blows until the tip reaches the medial lim-
itation of the pedicle (Fig. 91). If several vertebrae 
are being augmented, this step is repeated accord-
ingly. The respective image with the position of the 
wire is saved in the image intensifier. The depth of 
the tip of the wire is now verified on the lateral view 
and should be at least at the height of the anterior 
wall of the vertebral body. The direction of the wire 
is corrected further if necessary and driven forward 
again by 1 cm. The filling cannulae are then pushed 
coaxially, by means of rotating movements, over the 
wire. The tip of the cannula should come to lie in 
the ventral half of the vertebral body. The guiding 
wire is removed, and the tip of the cannula is freed 
from bone with the blunt trocar (use hammer). This 
is also a helpful tactile check on the intraosseous 
situation (Fig. 92). 

Preparation and injection of the cement 

The cement is mixed as recommended by the man-
ufacturer and filled into a 20 cc syringe; from there, 
it is filled into 2 cc and 1 cc syringes via a three-way 
tap. Alternatively an injection pistol can be used, 
though it is advisable to do without long connection 
tubes, since these offer high resistance and only al-
low the application of low-viscosity cement. The 
cement is not applied until the viscosity is high 
enough (Fig. 93), otherwise the flow cannot be con-
trolled. In the drawn sample, the cement should be 

Fig. 91. Planning the placement of the guiding wire by means of an AP and a lateral projection: the surgeon must generate 
an axial projection from two lateral projections. The pedicles, endplates and vertebral body serve as landmarks. Depending 
on the pedicle size, the guiding wire is driven into the vertebral body either transpedicularly or converging parapedicularly. 
As soon as the tip of the wire has reached the medial limitation of the pedicle, it should at least touch the posterior wall of 
the vertebra on the lateral projection 
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Fig. 92. After preliminary positioning of the guiding wires, the guiding cannulae are pushed over the wires under x-ray 
control and driven in at least as far as the ventral half of the vertebral body. The tips of the cannulae are freed from bone 
with the blunt trocar, which is also helpful as a tactile assessment of the intraosseous situation. In case of uncertainty regard-
ing the position, a control x-ray in AP should be carried out

Fig. 93. Preparation of the cement (here Vertebroplastic®, DePuy): the components are mixed in a bowl with a spatula for 
30 sec, and then after a further 30 sec, depending on the manufacturer, filled into a 20 cc syringe and left for another min-
ute. After that the cement is filled into 2 cc syringes, which provide enough force to inject the cement (alternatively 1 cc 
syringes can be used). The cement has to have optimal viscosity before it is injected – which is when the cement no longer 
drips from the syringe. Thus Vertebroplastic® cement cannot be injected until 7 min after mixing
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no longer dripping from the syringe but forming a 
thread. The viscosity of the cement is the decisive 
parameter in the risk of extravasation (Fig. 94a, b). 

The cannula is carefully filled with cement and 
the flow can be observed within the cannula. The 
volume of the empty cannula should be known; for 
the cannula mentioned above it is 1.5 cc. As soon 
as the first cement becomes visible at the tip of can-
nula, the next cannula should be filled in the same 
manner. In bilateral access procedures the filling is 
carried out in stages so that both sides can be con-
trolled. An intermittent image in the PA plane is 

recommended during the filling procedure. The fill-
ing itself is always carried out under lateral control 
with continuous image intensifier control (real time). 
If the filling goes correctly, the image of the cement 
should be that of a growing cloud (Fig. 95); if the 
cement advances to the periphery in a spidery man-
ner at the beginning, the procedure must be tempo-
rarily interrupted. The cement hardens considerably 
faster in the body than at room temperature and 
after 45 sec it no longer spreads. The injection must 
be stopped in every case of cement extravasation. 
If, because of the increasing viscosity, it is no longer 

a b

Fig. 94. Cement with low viscosity spreads uncontrolled within the spongiosa and shows a spidery picture (a), whereas 
highly viscous cement spreads more concentrically (b). As long as the viscosity of the cement is lower than the viscosity of 
the bone marrow, the cement cannot drive the bone marrow out

Fig. 95. The cement is injected under continuous control with an image intensifier. The condition of the cement at the tip 
of the cannula must be observed very closely: if the cement spreads away from the cannula in a particular direction, this 
means there is a connection to the venous system of the vertebral body. In this case another 45 sec should be waited before 
a little more cement is injected. In principle the cement should spread like a growing cloud and should be injected gradu-
ally. After 2 cc have been injected, an AP control should be carried out. If the injection resistance rises, the cement can be 
pressed from the cannula with the trocar. This technique permits controlled application of cement. The injection must be 
stopped if any signs of cement leakage show
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possible to inject the cement via the syringe, the 
highly viscous cement can be pushed further with 
the trocar if need be, and possibly the cannula can 
be refilled again from the 1 cc syringes. The ce-
ments that are available have a long “working time” 
of approx. 5 minutes, making calm and controlled 
filling possible. The dorsal flow of cement (spinal 
canal) can be monitored very well; however, a sec-
ond projection plane is needed for the flow in a 
lateral direction. It is necessary to wait until the ce-
ment has hardened before removing the filling can-
nulae. The cannula can then be loosened and re-
moved with a slight turn; removal too early carries 
the risk of drawing cement filaments into the soft 
tissue. Hemorrhages at the puncture site are fre-
quent and can cause temporary local irritation. 

Strategies of the augmentation 

In mild forms of osteoporosis, monosegmental in-
jection of the fractured vertebra suffices. In acute 
fractures, bilateral access is recommended. If the 
filling on one side does not show the desired effect, 
it can usually be achieved on the other side (Fig. 96). 
In more severe cases of osteoporosis, augmentation 
of the adjacent cranial and caudal vertebrae is rec-
ommended, in addition to the fractured vertebra 
(Fig. 97). In this case the fracture is treated bilater-
ally and the connecting vertebrae monolaterally. 

Both the natural course and the increased incidence 
of new fractures after augmentation justify this step 
[Lindsay 2001; Ross 1993; Uppin 2003; Kim 2004; 
Berlemann 2002]. Multi-level injection can be nec-
essary in patients suffering from very severe osteo-
porosis and with a corresponding risk profile (ste-
roid medication etc.). In general, this is carried out 
monolaterally, alternating between the left and right 
sides. A maximum of six vertebral bodies per ses-
sion are augmented in 2 or 3 steps, injecting a 
maximum of 25–30 ml cement in order to avoid 
pulmonary strain as the result of washed out bone 
marrow (Fig. 98) [Heini 2005]. 

Correction of kyphosis: indication, technique, 
results 

In the treatment of osteoporotic fractures it is neces-
sary to re-establish the sagittal alignment if possible, 
as in classic treatment of fracture of the spine. How-
ever, because of the osteoporosis and the often 
poorer health of the patient, the technical possibili-
ties are limited and may not allow this. Closed re-
duction should be tried in relevant cases of segmen-
tal kyphosis. 

Vertebroplasty simply cements the status quo, 
and a correction is achieved only occasionally 
(Fig. 97). Apart from kyphoplasty, which may 
achieve correction to a certain extent, lordoplasty is 

Fig. 96. A 70-year-old woman with compression fracture of T11 and in pain for 3 months. The MRI shows a persisting 
edema which indicates an acute fracture that has not yet healed (a). Immediate pain reduction after vertebroplasty, and 
further persisting pain reduction when presenting at follow-up (b). Follow-up after 1.5 years: the patient receives bisphos-
phonates as anti-osteoporotic therapy but does not take any analgesics

a b
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an alternative. In analogy with the principles of in-
ternal fixation, indirect repositioning is achieved 
with the support of the adjoining vertebrae via liga-
mentotaxis. Unlike kyphoplasty, where the initial 
reduction can frequently disappear after deflating 
the balloons, in lordoplasty the fractured vertebra 
can be augmented as a consequence of the existing 
prestressing. 

Fig. 97. Spontaneous reduction of a T12 fracture solely by positioning the patient. The x-ray taken in a standing positioning 
shows a relevant kyphosis (a). In the prone position, almost complete restoration of the vertebral body is seen, with a 
clearly visible defect zone (arrow). The filling pattern is characteristic for this defect (b). Almost completely preserved align-
ment of the spine when standing up. The adjoining vertebrae were augmented as a prophylactic measure

a b

Technique: The operation is carried out in three 
stages: 

1. Bipedicular vertebroplasty of the adjoining cra-
nial and caudal vertebral bodies (see above).

2. Reduction of the fractured vertebral body via the 
filling cannulae in place in the adjacent verte-
brae.

Fig. 98. A 68-year-old woman who received high-dosage steroid treatment for several years after heart transplantation. The 
patient complains of diffuse stress-related backache and episodes of rather severe pain. 7 cm height loss within the last 16 
months. The x-ray shows multiple vertebral fractures within the region of the thoracic and lumbar spine. Vertebroplasty of 
T5 to L5 was carried out in three sessions of 45 minutes each. Further collapse was prevented; the patient subjectively felt 
an enormous improvement of the backache and a considerably more upright posture 
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3. Vertebroplasty of the reduced vertebral body. 
The patient is placed in a prone position, allow-
ing the abdomen to hang freely, with a pad sup-
porting the pelvis and sternum. The initial reduc-
tion achieved by mere positioning of the patient 
can be assessed in the lateral view on the image 
intensifier. 

When inserting the Kirschner wire, the aim should 
be to achieve a slightly cranio-caudal direction in 
the cranial vertebral bodies, and a slightly caudo-
cranial direction in the caudal ones (optimized re-
duction force). The depth of the six Kirschner wires 
is monitored in the lateral view. The cannulae are 
placed as described above, and both adjacent ver-
tebral bodies are augmented. It is absolutely neces-
sary that the trocars are introduced into the cannu-
lae (to prevent bending) and are used to push an-
other 1 ml of cement forward. Before the cement 
has hardened the cannulae are carefully advanced 
approx. 1 cm further, together with the trocars, so 
that they have a long fixation within the cement. 
After hardening of the cement (test the residual ce-
ment) a lordosing force is applied via the cannulae 
in place and, using the facet joints as a lever, the 
fractured vertebral body is restored in the sense of 
ligamentotaxis (anterior and posterior ligaments, 
anulus fibrosus). In principle, the reduction maneu-
ver is the same as with an internal fixator [Dick 

1987]. The reduction cannulae are either held with 
two Weber reduction pliers or fixed by means of a 
cross-bolt (blunt trocar) (Figs. 99–101). The vertebral 
body in the middle, being kept in a reduced state, 
is augmented with cement under continuous lateral 
image intensifier control. The fixation is not loos-
ened until the cement has hardened. The cannulae 
can be removed easily with slight turns. In general 
the operation is carried out under general anesthe-
sia in order to optimize the reduction (hyperlordo-
sis, relaxation of the patient). If the bone quality is 
good, the adjoining cranial and caudal vertebral 
bodies do not have to be cemented. In selected 
cases this technique can be combined with kypho-
plasty, which allows an even more efficient reduc-
tion. 

Results: we have gathered experience with lor-
doplasty in over 70 patients, 31 of whom (7 m, 24 f) 
were recorded prospectively with a follow-up of at 
least a year. The average age of the fracture was 38 
days. Persisting reduction of pain was achieved in 
87% of the patients; the average improvement in all 
patients was 5 points (7.6 to 2.6) on a Visual Analog 
Scale from 0 to 10. Kyphosis correction of more 
than 10 degrees, assessed in the lateral radiograph 
in a standing position, was achieved in 57% of the 
patients. The average kyphosis correction in all pa-
tients was 12.4 degrees (Fig. 102). The material costs 
for the whole procedure amount to 400 euros. The 

Fig. 99. A patient suffering from pain for 6 months after a T11 fracture (a). The pain occurs especially after standing up from 
lying. The MRI examination revealed collapse of T11 (b). Residual mobility could be detected, unlike on the x-ray taken in 
standing (a). Closed reduction (lordoplasty) was carried out. The post operative x-ray follow-up after 6 months shows a 
satisfactory situation with a good alignment (c) and a patient free from pain

a b c
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Fig. 100. The technique of lordoplasty corresponds to that of an indirect fracture reduction. The cranial and caudal can-
nulae are used as levers to raise the fractured vertebra. The defect after repositioning is clearly visible (*). The defect is 
cemented while maintaining the stress, and the cannulae are not removed until the cement has hardened

Fig. 101. Model of lordoplasty. The cannulae with lying trocar serve as levers to apply a lordosing moment. The cannulae 
are braced with a cross bolt 
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complications were partial root damage at L2 with 
a temporary sensorimotor deficit in one patient, and 
persisting instability in the movement segment after 
augmentation in two further patients, each resulting 
in open stabilization. 

In summary, it can be stated that lordoplasty is 
an efficient, minimally invasive and economical 
method for restoring osteoporotic fractures, thus re-
establishing the sagittal alignment of the spine at 
least partially. The indication for restoration is given 
for fractures with residual instability and relevant 
deformity. Fractures that are more than three months 
old can usually no longer be corrected, except in 
cases of pseudoarthrosis/osteonecrosis. 

Combined surgical procedures

With the increasing incidence of osteoporotic frac-
tures, the frequency of fractures with a complicated 
course involving spinal stenosis and/or severe mal-
positioning also increases [Kim 2003]. Open surgi-
cal procedure with stabilization of the affected 
movement segment is generally necessary in these 
cases [Natelson 1986]; however, anchorage of im-
plants is often difficult. The combination of cement 
augmentation and pedicular stabilization provides 
an efficient option when technical difficulties seem 
otherwise unsolvable [Wuisman 2000; Moore 
1997]. The pedicles are prepared in the normal 
manner, and then 7 gauge filling cannulae are intro-

Fig. 102. A 76-year-old woman with fracture of T9 (a). The follow-up after 5 weeks shows almost complete collapse of the 
vertebral body (b). Relevant reduction of the vertebral body was achieved with lordoplasty (c). The follow-up in standing 
shows well maintained height of the vertebral body (d)

a c d

b

duced bilaterally and the cement applied to the ver-
tebral body under image intensifier control. The 
pedicle screws are applied before the cement hard-
ens, and the instrumentation can be completed as 
usual as soon as the cement has hardened. It is ap-
parent that there is a great risk of fractures in the 
adjoining vertebrae in these patients, and it is in-
evitable that these are augmented percutaneously in 
the classic manner (Fig. 103). It is also possible to 
carry out percutaneous augmentation of the verte-
bral bodies beforehand. The preparation of the ped-
icle screws must then be carried out with a drill. 
PMMA can be easily treated. After drilling a hole 
with the 3.2 mm AO drill, 5 mm screws can be 
fixed without problems. 

Limitations and complications 

Even though cement augmentation is very success-
ful, it should be borne in mind that the main prob-
lem of this technique is the extravasation of cement 
(embolization, spinal canal) [Bernhard 2003; Har-
rington 2001; Padovani 1999; Ratliff 2001; Ryu 
2002; Scroop 2002; Tozzi 2002; Vasconcelos 2001; 
Yoo 2004]. The key to avoiding these potentially 
very dangerous and irreversible complications lies 
in the viscosity of the cement. Low-viscosity cement 
does not displace bone marrow and therefore flows 
primarily along vessel canals or fracture fissures. 
However, the flow cannot be controlled and thus 
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the cement can be washed out by the blood flow 
within the vertebral body without hindrance. The 
higher the viscosity of the cement the safer is its 
application [Bohner 2003], though accordingly more 
strength is needed for the injection [Baroud 2004]. 

Safety can be optimized if the following param-
eters are observed: use of thick cannulae (smaller 
flow resistance), avoidance of long connection tubes 
(increased flow resistance, secondary flow of ce-
ment), direct cement injection with small syringes 
(good power transmission, controllable cement 
flow), waiting until the optimal viscosity has been 
reached. 

Another aspect of which notice should be taken 
is the increased incidence of subsequent fractures 
after cement augmentation [Berlemann 2002; Gra-
dos 2000 Kim 2004; Uppin 2003]. Nevertheless, 
the natural course of the disease also shows an in-
creased fracture risk that relates to the number of 
already fractured vertebrae [Lindsay 2001; Ross 
1993] and this should be taken into account in the 
augmentation strategy (see above). The number of 
vertebrae treated per session should be restricted to 
six and the total volume of cement injected should 
not exceed 25–30 ml [Heini 2005; Heini and Orler 
2004]. In the case of exacerbated pain, it is ex-
tremely important that the patient is evaluated again 
by the physicians dealing with the postoperative 
treatment. 

Cement augmentation is not an efficient method 
for treating pronounced deformation; neither can 
percutaneous restoration methods (lordoplasty, ky-

phoplasty) help in fixed situations. A combined 
open intervention is indicated if the clinical situa-
tion requires this. Correct analysis of the fracture is 
essential; vertebroplasty alone cannot restore the 
stability of type B or C fractures.
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In all bone augmentation procedures such as verte-
broplasty and kyphoplasty, the cement plays a key 
role. However, until a few years ago very little had 
been done to optimize the properties of the cement; 
in fact, very little had been done to understand 
which properties the cement should have. The aim 
of the present manuscript is first to give a general 
introduction to cements, mostly PMMA and CPC, 
and second to review the most recent findings in 
the field.

Various cements

In the present section, the general properties of 
PMMA and CPC cements are described, the two 
cements are critically compared, and new cements 
and cement developments are briefly reviewed.

PMMA cements: the first cement that was used 
for a bone augmentation procedure was a poly(methyl 
methacrylate) (PMMA) cement [Galibert et al. 1987]. 
This cement consists of several ingredients that all 
have their importance [Kühn 2000]: 

(i) methyl methacrylate (MMA) monomer (trans-
parent liquid; MW = 100 g/mole) that will even-
tually react to form PMMA. The heat released 
by the latter reaction is very great, i.e. close to 
57 kJ/mole, whereas the specific heat of PMMA 
is relatively low, i.e. close to 1.46 J/(g·K) [Vallo 
2002]. As a result, the heat released during the 
reaction is large enough to potentially heat up 
the cement by several hundred degrees during 
setting.

(ii) a PMMA powder (or copolymer) that is used as 
a filler material, hence decreasing the total heat 
released per cement volume as well as reducing 
the shrinkage during setting (–21% for pure 
MMA).

(iii) a radio-opacifier to make sure that the cement 
can be seen radiographically (radio-opacifier in-

cluded in or added to the PMMA powder). Typ-
ical powders are BaSO4 and ZrO2.

(iv) some additives to initiate the polymerization re-
action, usually dibenzoyl peroxide (generally 
included in or added to the PMMA powder) and 
N,N-dimethyl-p-toluidine (generally included in 
the liquid phase)

(v) other additives such as stabilizers, inhibitors, 
radical catchers, coloring agents and antibiot-
ics.

In commercial formulations, the ratio between pow-
der and liquid component is typically close to 2:3. 
In addition, the radio-opacifier content can easily 
reach 30%. For example, Osteopal V (Biomet) con-
tains in the powder component 14.16 g PMMA 
(40.0w% of the total cement weight), 11.70 g ZrO2

(33.1w%), 0.14 g benzoyl peroxide (0.4w%) and 
chlorophyll (coloring agent); in the liquid compo-
nent 9.2 g MMA (26w%), 0.19 g N,N-dimethyl-p-
toluidine (0.5%) and chlorophyll. As the MMA con-
tent is relatively small, shrinkage and heat release of 
commercial cement formulations are much lower 
than those of pure MMA cement.

Importantly, the curing (setting or hardening) re-
action of PMMA cements is a polymerization reac-
tion, i.e. small monomers react together to form 
increasingly long polymer chains. Hardening occurs 
via the entanglement of the polymer chains, and the 
reaction stops when no more MMA monomers are 
present. The final porosity of the cement is close to 
zero.

In the early days, PMMA cements used for ver-
tebroplasty were modified to better fulfill the re-
quirements of the application. In particular, the 
powder-to-liquid ratio was reduced to prolong the 
injection period, and more radio-opacifier was add-
ed to increase the radiological contrast. These 
changes considerably modified cement properties 
such as viscosity, setting time, monomer release and 
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mechanical properties. As there was no cement ac-
cepted for vertebral bone augmentation procedures, 
these changes were made but the cements were 
used at the patients’ and clinicians’ own risk (off-(off-
label use). Nowadays there are cements designed 
specifically for the application (e.g. Kyph’X, Osteo-
firm, Osteopal V, Spineplex, Synicem VTP, Verte-
broplastic, Vertecem) and therefore their use is rec-
ommended. 

Calcium phosphate cements (CPCs): these were 
discovered two decades ago by LeGeros [LeGeros 
et al. 1982] and Brown and Chow [Brown and Chow 
1983]. Since then, these cements have proved to be 
attractive bone substitute materials [Constantz et al. 
1995]. The first in vitro attempt to use CPC for the 
augmentation of osteoporotic bone was made more 
than a decade ago [Bohner et al. 1992], and a few 
years later the first in vitro use for intravertebral re-
construction was proposed [Schildhauer et al. 
1995].

CPCs generally consist of an aqueous solution 
and a powder that typically contains several calcium 
phosphate compounds. Upon mixing, the powder 
dissolves in the aqueous solution and new crystals 
form (precipitate), the reaction proceeding until all 
reactive calcium phosphate compounds have re-
acted. Cement hardening occurs with the entangle-
ment of calcium phosphate crystals (Fig. 104), hence 
leading to a highly porous structure. The final prod-
uct has a porosity close to 40–60%, with pores 
ranging typically from 0.1 to 10 m. It is noteworthy 
that CPCs are mechanically much stronger in com-

pression than in tension or shear, because entangled 
crystals are not well bonded. Compressive strength 
is typically 5 to 10 times larger than the tensile 
strength.

There are two types of CPC: apatite (e.g. hy-
droxyapatite, Ca5(PO4)3(OH)) and brushite (dicalci-
um phosphate dihydrate; CaHPO4·2H2O), depend-
ing on the end-product of the setting reaction [Boh-
ner 2000]. Most of the CPCs sold on the market 
belong to the first category e.g. -BSM, Biopex, 
BoneSource, Calcibon, Cementek, Embarc, Kyphos, 
Mimix, Norian, Rebone. In recent months, a few 
brushite CPCs have been tested clinically: chronOS 
Inject, Eurobone and VitalOS. The main difference 
between apatite and brushite CPCs lies in their sol-
ubility and hence resorption rate: brushite is much 
more soluble than apatite, so brushite CPCs in prin-
ciple resorb faster than apatite CPCs. 

Differences between PMMA and CPC: as CPCs 
are the main candidates to replace PMMA in verte-
broplasty, it is of interest to describe the main dif-
ferences between CPC and PMMA cements. Some 
of the differences are very important (Table 9) and 
four of these are described here. Firstly, PMMA ce-
ments are hydrophobic, whereas CPC are hydro-
philic. Thus the setting reaction of PMMA is hardly 
affected by body fluids, in contrast to that of CPC 
where cement disintegration might occur, leading to 
the release of a very large number of micro- and 
nanoparticles in the close environment of the ce-
ment and into blood. Secondly, the setting reaction 
occurs much faster in PMMA cements than in CPCs. 
As a result, reaction heat is released much faster 
from PMMA cements than from CPCs, leading to a 
much larger temperature increase in the former. So, 
even though CPCs are sometimes as exothermic as 
PMMA, CPC can be considered to set isothermally. 
Thirdly, CPCs are very fragile materials. In particular, 
the shear and tensile properties of CPCs are much 
lower than those of PMMA cements. However, in 
principle, these low properties should not affect the 
outcome of vertebral bone augmentation proce-
dures, because it is generally accepted that the most 
important mechanical property to consider in verte-
bral bone augmentation is the compressive strength. 
Moreover, it is known that the compressive strength 
of CPC is much greater than that of cancellous bone. 
Nevertheless, clinicians have related negative results 
of vertebral bone augmentation performed with 
CPC to the low shear properties (cement cracking). 
Clearly, it is necessary to collect more data on the 
use of CPC in vertebral bone augmentation. Fourth-

Fig. 104. Typical structure of an apatite CPC showing the 
entanglement of small apatite crystals
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ly, in contrast to PMMA cements, CPCs are resorb-
able and therefore should be replaced by bone and 
not simply be resorbed. At present, it is not clear 
how fast CPCs resorb and how much bone forms 
after CPC resorption in patients with osteoporosis.

Other cements: there are few new approaches 
in the field of polymeric and ceramic cements. One 
recent development in the field of methacrylate ce-
ments is represented by Cortoss, which has a more 
complex composition than traditional PMMA ce-
ments. The presence of three specific methacrylate 
components is intended to reduce release of toxic 
monomer and improve the mechanical properties 
in comparison with PMMA cements. In addition, a 
high ceramic fraction provides good radiological 
contrast and helps to reduce the extent of the tem-
perature increase during setting. However, this ce-
ment is stiffer than PMMA cements and also tends 
to be very liquid compared with the requirements 
set by vertebroplasty (Viscosity > 100 Pa·s). An-
other recent development is a non-resorbable ce-
ment based on a mixture of functional thiols, acryl-
ic molecules, a reaction starter, a thixotropic agent 
and barium sulfate (32w%) [Zamparo 2004]. This 
cement has a compressive strength close to 30–
40 MPa (cancellous bone has a value lower than 
10 MPa) and an E-modulus lower than that of can-
cellous bone (close to 70 MPa, compared with 100–

500 MPa for cancellous bone and more than 1 GPa 
for PMMA cement). As a result, augmentation of a 
vertebral body with this cement does not signifi-
cantly affect bone compliance, which might reduce 
the risk of adjacent vertebral fractures. In the field 
of ceramic cements, the most advanced project ap-
pears to be a non-resorbable cement based on cal-
cium aluminate that has very low porosity and 
hence very large mechanical properties [Axen et al. 
2004]. Indeed flexural and compressive strengths 
close to 30–50 MPa and 150–180 MPa, respective-
ly, have been reported. The E-modulus is unfortu-
nately very high, close to 10–12 GPa (cancellous 
bone: 0.1–0.5 GPa).

Cement properties for vertebroplasty

In the last few years, general understanding about 
the necessary and adequate properties of cements 
for vertebral bone augmentation procedures has 
been widely improved. Parameters of importance 
are the cement handling, viscosity, injection time, 
injectability, radio-opacity, setting time, exothermic 
heat, mechanical properties, blood clotting proper-
ties and monomer release. This section reviews 
these parameters.

Handling: procedures such as cement mixing 
and syringe filling should be easy and reliable. In 
that respect, most cements fulfill these require-
ments, even though improvements could be made.

Viscosity: cement viscosity is a very important 
parameter for the application. The viscosity defines 
the injection pressure but more importantly the risk 
of extravasation [Bohner et al. 2003; Breusch et al. 
2002], which decreases with an increase of the ce-
ment viscosity. It is therefore important to find an 
adequate balance between a high cement viscosity 
that reduces extravasation risks and a low viscosity 
that enables low injection forces. The use of an 
adequate injection system is then required. Cement 
viscosity in the range of 100–1000 Pa·s appears to 
be ideal.

Injection time: Ideally, a cement should have a 
constant viscosity in the range previously men-
tioned. Unfortunately, cement viscosity is not a con-
stant value: after a decrease in the first seconds after 
mixing, the viscosity increases considerably during 
curing, eventually leading to hardening. The viscos-
ity should be high enough to prevent extravasation, 
therefore it is important to define an adequate injec-
tion window. At present, none of the cement manu-
facturers provides information on adequate cement 

Table 9. Summary of the main features of PMMA and cal-
cium phosphate cements

PMMA cement CPC

Hydrophilicity Hydrophobic Hydrophilic

Injectability Excellent Critical

Setting time < 20 minutes < 20 minutes

Setting rate Very fast Slow

Temperature change Large Negligible

Tensile strength > 50 MPa [2] < 15 MPa

Compressive strength > 70 MPa [2] < 100 MPa

Porosity Close to 0% 40–60%

Pore diameter – 0.1–10 µm

Resorption No Little to great

Bone-cement contact Limited Excellent

Injectable cements for vertebroplasty and kyphoplasty
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viscosity, so many clinicians inject the cement too 
early in a too liquid state. In addition, none of the 
manufacturers provides a way of determining ade-
quate viscosity in the OR, even though cement vis-
cosity depends very strongly on temperature. Clear-
ly, there is at the moment a strong need to improve 
the information given to clinicians.

Injectability: here, the injectability of a cement 
is defined as the ability of the cement to be injected 
without phase separation between fluid and pow-
der. PMMA cements are easily injectable, in con-
trast to CPCs which tend to phase-separate or filter-
press: above a certain injection pressure, the liquid 
phase is injected faster than the powder phase, 
eventually leading to plugging. When plugging oc-
curs (e.g. in bone), injection of the cement is no 
longer possible. Several approaches can be used to 
improve CPC injectability; for example, an increase 
of the liquid-to-powder ratio [Bohner and Baroud 
2005]. However, the best approach appears to be 
the addition of a small amount of polymer gel (e.g. 
0.5–1.0% sodium hyaluronate gel) into the mixing 
liquid, so that interparticle contacts are lubricated 
without decreasing the cement viscosity.

Radio-opacity: Unlike CPCs, PMMA cements 
have hardly any radiological contrast; however, both 
types of cement require additional contrast. For 
PMMA cements, the choice is relatively easy be-
cause these cements are not resorbable, thus all 
radio-opaque non- or poorly-soluble powders such 
as metal salts (BaSO4, ZrO2, SrCO3) or metal pow-
ders (Ti, Ta, W) may be used. For CPCs, the prob-
lem is more difficult. CPCs are indeed slowly re-
sorbable, therefore all added powders are released 
over time. Most metallic salts are barely soluble 
(SrCO3) or fully insoluble (BaSO4, ZrO2), which 
means that billions of small radio-opaque particles 
will be released over time; this might represent a 
biocompatibility hazard and needs to be looked at 
carefully. Another possibility is to increase the solid 
content of the cement by increasing the powder-to-
liquid ratio; this can be done but has limited effi-
cacy and reduces cement injectability. It is also pos-
sible to add a liquid radiological contrast agent such 
as iodine-based aqueous solutions, but unfortunate-
ly a small fraction of the population is allergic to 
iodide (death casualties have been reported).

Setting time: the setting time of a cement is de-
fined as the time required for the cement to reach a 
given mechanical strength. This property can be 
modified quite easily, so that most cements designed 
for vertebral bone augmentation have a setting time 

in the range of 5–20 minutes. It is noteworthy that 
the setting rate of the cement is more difficult to 
control: as soon as the setting reaction starts, the 
reaction cannot be slowed down or accelerated. 
Typically, PMMA cements harden very fast (20–30 
minutes), whereas CPCs harden rather slowly (100% 
of the mechanical strength after 5–10 hours).

Exothermic heat: the reason for relief of pain 
following vertebral bone augmentation procedure 
has been topic of controversy. Two main explana-
tions have been proposed. Firstly, pain relief results 
from the mechanical stabilization of the vertebral 
body; this is the most frequently mentioned expla-
nation nowadays. Secondly, pain relief results from 
the necrosis of nerves as a result of the large amount 
of heat released from the cement; in that respect, it 
would be important to always use very exothermic 
and fast-setting cements, such as PMMA cements.

Several studies have been published on the ther-
mic effect of PMMA cements after vertebral bone 
augmentation (e.g. [Belkoff and Molloy 2003]). To 
better understand these studies, it is important to 
note that heat/exothermic release and temperature 
increase during setting are related phenomena but 
are not the same thing: the temperature increase 
depends not only on the rate of heat release but also 
on the rate of heat dispersion. In other words, very 
exothermic cement reactions do not necessarily 
lead to a temperature increase if the rate of heat 
release is very low (for example in CPCs) or if heat 
dispersion is very good. Heat dispersion is favored 
(i) when the cement is in contact with a material 
with a high heat conductance (such as a metallic 
implant), (ii) when the cement is in contact with a 
flowing liquid (e.g. blood), and (iii) when the ce-
ment piece has a high specific surface (ratio be-
tween cement surface and cement volume).

Mechanical properties: the mechanical effect of 
vertebral bone augmentation has been investigated 
intensively. A particular point of interest is the po-
tential negative effect of bone augmentation on 
fractures of adjacent vertebrae [Berlemann et al. 
2002]. Even though finite element models suggest 
that vertebrae adjacent to a vertebra augmented 
with a stiff material such as PMMA or CPC are sub-
mitted to higher loads than normal [Polikeit et al. 
2003; Baroud et al. 2003], it is not clear how impor-
tant this effect is. Assuming that cement stiffness is 
a very important parameter and should be reduced, 
a problem occurs because it is difficult to reduce 
the stiffness of PMMA cements or CPCs. The only 
possibility is to decrease the cement porosity, and 
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this approach has been proposed by Bisig et al. 
[Bisig et al. 2003], who incorporated an aqueous 
phase into a PMMA cement paste based on the idea 
of DeWijn [De Wijn 1976]. Stiffness in the range of 
that of cancellous bone could be obtained with 
40% aqueous fraction. However, this approach 
does not work with CPCs, because these cements 
are already highly porous. An alternative could be 
to use new types of material, such as the compliant 
cement mentioned here. A second point of interest 
concerning the mechanical properties of cements 
are the fatigue properties, particularly those of CPCs, 
since these are fragile materials and have much low-
er mechanical properties than PMMA cements. To 
date, there is to our knowledge only one study on 
the fatigue properties of CPC [Gisep et al. 2004]. 
Again, more work needs to be done, perhaps also 
in combination with in vivo studies.

Blood clotting: this topic has received consider-
able attention in the last 12 months following the 
abstract of Bernards et al. [Bernards et al. 2004], 
who demonstrated that injection of CPC into the 
blood stream of pigs provoked rapid embolization 
and death. Related results were obtained in an in 
vitro study by Axen et al. [Axen et al. 2004]. The 
latter authors observed that CPC and calcium sul-
fate led to blood clotting, whereas a calcium alumi-
nate cement [Axen et al. 2004] and PMMA did not 
provoke any clotting. Another study devoted to 
PMMA confirmed the absence or limited effect of 
PMMA cements on blood clotting [Blinc et al. 2004]. 
There are several possible explanations for the neg-
ative effect of CPC on clotting; for example, the 
release of Ca ions – these play a very important role 
in the clotting cascade. However, the most likely 
explanation appears to be that release of calcium 
phosphate particles from the cement into the blood 
stream triggers blood clotting. The fact that PMMA 
cements are hydrophobic (water repellent) whereas 
CPC are hydrophilic could explain the difference 
between these materials. Additional information is 
required to confirm the present interpretation of the 
data.

Monomer release: the release of MMA from 
PMMA cements during setting has been related to 
severe hypotension caused by action on vascular 
smooth muscle [Kim and Ritter 1972; Karlsson et al. 
1995]. At present there is a large amount of data 
available in the field of hip arthroplasty but little in 
the field of vertebral bone augmentation. Despite 
the fact that the injected volume of cements is low-
er in vertebral bone augmentation than in hip ar-

throplasty, for several reasons it is of great impor-
tance to determine how much monomer is released 
from PMMA cements during setting. Four main rea-
sons can be mentioned: (i) the liquid-to-powder ra-
tios of cements used for vertebroplasty are gener-
ally lower than those used in hip arthroplasty, which 
should lead to more monomer release; (ii) the set-
ting times of cements used for vertebroplasty are 
generally longer than those used in hip arthroplasty, 
which should lead to more monomer release; (iii) 
vertebral bodies are very well irrigated bones, and 
(iv) vertebral bodies are in very close proximity to 
the heart.

Conclusions

In the first part of this chapter, the general proper-
ties of PMMA cements and CPCs were presented 
and discussed; new cements and cement develop-
ments were briefly mentioned. In the second part, 
the various cement properties that have to be adapt-
ed for vertebral bone augmentation were discussed, 
and properties such as cement handling, viscosity, 
injection time, injectability, radio-opacity, setting 
time, exothermic heat, mechanical properties, blood 
clotting properties and monomer release were con-
sidered. The main conclusions are that there is prob-
ably room for new cements with better adapted 
properties, such as high compliance, and that de-
spite recent work much needs to be done to define 
adequate properties of cements used in vertebral 
bone augmentation.
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A new surgical treatment requires correspondingly 
adapted postoperative physiotherapy treatment, 
opening new approaches based on the latest scien-
tific findings. 

Osteoporosis is a disease for which diagnosis 
and therapy have the highest priority, requiring co-
operation of all disciplines involved, especially if an 
osteoporotic vertebral body fracture (VBF) has al-
ready occurred. 

Though surgery can achieve a proper reconstruc-
tion of a fracture, it cannot influence osteoporosis 
in the sense of healing, but is merely one element 
within an interdisciplinary treatment regimen. 

Reduced bone mass and osteoporotic fractures 
cannot be treated by drugs alone, and merely treat-
ing patients with vertebroplasty or balloon kypho-
plasty without offering or developing an appropriate 
concept for postoperative treatment is also ques-
tionable. Physiotherapy plays an important role in 
treatment after VBFs and in prevention of further 
fractures. The positive effect of physiotherapy in 
patients suffering from osteoporosis without VBF 
has been scientifically well documented [Bérard 
1997; Wolff 1999; Sinaki 2002], and although there 
is no evaluated treatment concept for osteoporotic 
patients after minimally invasive surgery of a VBF, 
this group of patients should not be deprived of 
adequate therapy.

Every posture and movement of the body in-
volves aspects of balance. Posture and equilibrium 
change negatively with advancing age and correlate 
with the risk of falling [Lynn 1997]. Patients with 
distinct kyphosis are especially at risk; in general it 
can be said that the more pronounced the kyphosis, 
the worse the balance and the greater the risk of 
falling. Osteoporotic patients suffering from a VBF 
are thus particularly endangered. Furthermore, 
movement behavior is changed in the sense of atax-

ia, which causes nonphysiological falling behavior, 
with increased risk of fracture as a result of the de-
creased bone density. In connection with this, Bös 
and Brehm [1998] draw attention to physical equi-
librium being an important prerequisite for the ex-
ecution and mastering of physical activities in ev-
eryday life. A balance disorder leads to an increased 
incidence of falling and to fear of further accidents, 
resulting in avoidance behavior in relevant situa-
tions or to inactivity [Skelton 2001]. In this sense, 
training the balance is of special significance since 
the sense of equilibrium is regarded as the quintes-
sential coordinative active competence, which in 
turn plays a large part in increase of everyday com-
petence (quality of life). 

Thus the avoidance of kyphosis can be seen as 
active prophylaxis against falling. 

The increased risk of falling is not the only im-
portant reason to avoid kyphosis; the mobility of 
other joints is also influenced negatively by kypho-
sis. The shoulder joints in particular are consider-
ably reduced in their function, with the consequence 
that patients can no longer pull their clothes over 
their head on their own, and may also have great 
difficulties with their personal hygiene. The mobility 
of the cervical spine is also considerably limited, 
leading to a restricted field of vision, which results 
in increasing uncertainty and increased risk of fall-
ing. 

Furthermore, as a consequence of the ribs draw-
ing near to the iliac crest, the abdominal cavity is 
reduced, i.e. the internal organs are being com-
pressed. This can lead to a change in organ func-
tion, e.g. in the colon, leading to constipation, and 
also leads to an increase of pressure on the pelvic 
floor. Since the pelvic floor is frequently the weak-
est link in the chain, it can thus lead to inconti-
nence, especially in women (see below). 

Chapter 13

Physiotherapeutic treatment after balloon kyphoplasty – 
aspects and concepts 
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Only one study has examined and supported the 
relation between spinal deformity and prolapsed or-
gans of the pelvis [Mattox 2000].

Kyphosis not only presents a static problem but 
can also be partly responsible for pain. The patient 
does not notice the change in static at first, as the 
course is progressive and he/she has time to adapt 
to the new situation. The pain, however, directly 
influences the dorsal muscles and thus encourages 
a worsening of the kyphotic malposition (Fig. 105). 

Patients cannot actively interrupt this viscous 
circle of pain – muscles – posture on their own and 
so the individual factors increase mutually. Merely 
activating the dorsal muscles cannot stop the prog-
ress of an already existing pathological kyphosis. 
Quite often the only thing that helps is for the pa-
tient to wear a corset which, however, also has 
many disadvantages. In addition to the low compli-
ance with patients, a corset supports muscle deac-
tivation and can therefore be counterproductive 
with respect to the kyphosis. If possible, it is impor-
tant to avoid the wearing of a rigid corset over a 
long time period [Sinaki 2003]. Elastic support gir-
dles that may give a proprioceptive input should be 
favored. 

For such cases kyphoplasty is very promising, as 
it is currently the only minimally invasive treatment, 
apart from lordoplasty (see chapter 11), with which 
reduction of a fractured vertebral body can be 
achieved [Becker 2004], thus preventing the above-
mentioned vicious circle from arising. Because of 
the very early and painless mobilization of the pa-
tient, efficient physiotherapy can be started much 
sooner and the patient can actively participate in 
the rehabilitation process at a very early stage. Cor-
sets or braces are thus now unnecessary in the post-
operative treatment. 

Relation between kyphosis, the 
diaphragm and breathing 

Schlaich [1998] measured the changes in vital ca-
pacity (VC) and forced expiratory volume (FEV1) in 

osteoporotic patients with a VBF, and found that the 
static changes of the spine led to distinct reduction 
of the both parameters. Respiration is our central 
“engine” and should not be forgotten in the treat-
ment regimen. There are various possibilities for in-
cluding respiration in the physiotherapeutic treat-
ment. All patients can easily influence their breath-
ing actively at home or in their spare time without 
having to spend a great deal of extra time. The nic-
est kind of “breathing therapy” is singing in a choir, 
which is, so to say, group pneumotherapy. 

The diaphragm is not only our most important 
muscle for breathing but also a muscle that influ-
ences our posture (Fig. 106). As its insertions partly 
reach to L 3/4, it has a direct hold on the lumbar 
spine and hence on the complete spine. Most peo-
ple have an elevated diaphragm and therefore have 
increased traction on the lumbar spine, even if they 
do not suffer from osteoporosis or other diseases. In 
addition, the diaphragm is interconnected with the 
iliopsoas muscle, hindering its ability to relax, and 
is therefore responsible for the hypertension of this 
muscle. The iliopsoas muscle is part of a chain of 

Fig. 105. Vicious circle of pain – muscles – posture 

Fig. 106. Anatomical relationship of diaphragm – lumbar 
spine. From:From: Strukturen und Funktionen begreifen Vol. 1, 
Jutta Hochschild, Thieme, 2002, p. 84 
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flexors in our body; it keeps up a permanent flexion 
within the hip joints, i.e. a general inflected body 
posture. Thus the pattern “flexion” is activated and 
in consequence patients have great difficulty in ac-
tively straightening themselves up. 

A therapy can only achieve long-term success if 
the whole system that is responsible for the deep 
muscular stabilization of the spine is active.

Relation between the abdominal wall 
and pelvic floor muscles, and the deep 
muscular stabilization system 

The lungs, liver, heart, gastrointestinal system and 
other organs lie more or less freely within the tho-
racic and abdominal cavities. All these internal or-
gans are strongly aqueous and have considerable 
weight. As is well known, liquid is not compress-
ible. The “chamber” formed by the abdominal wall 
and pelvic floor muscles also represents a fluid-
filled space. The walls of this abdominal chamber 
are cranially made up of the diaphragm, caudally of 
the muscles of the pelvic floor, and ventrally and 
laterally of the transversal abdominal muscle, which 
inserts dorsally in the thoracolumbar fascia (Fig. 107). 
For the first time in phylogenetic history, the pelvic 
floor and diaphragm have a supporting function; 
this is part of specific human development and can-
not be found in this form in quadrupeds. The walls 
of the abdominal chamber, i.e. especially the pelvic 
floor muscles, diaphragm and abdominal transversal 
muscle, constitute a system that is responsible for 
the deep muscular stabilization of the spine, to-
gether with the monosegmental parts of the erector 
spinae muscles. If good functional capability of 
these muscles is provided, the abdominal chamber 
ensures the stability of the lumbar spine. This can 
be made clear by the phenomenon of weightlifters 
lifting loads several times their own body weight, 
after tightly girding the abdominal chamber for more 
stability.

In the case of malfunction (weakening or tension) 
of individual components responsible for deep mus-
cular stabilization, the body tries to ensure stability 
through increased activation of the phylogenetically 
older muscles, especially of the flexors. Troubled 
with pain, patients adopt a stooped, bent position 
which often they cannot correct. This is intensified 
by the flexion of one group of muscles activating 
the contraction pattern “flexion” in the whole body, 
counteracting the ability to straighten up. The pos-

ture that develops is that of a dorsally tilted pelvis 
(neutralizing lumbar lordosis as a result), increased 
kyphosis of the cervicothoracic junction, shoulders 
pulled forward, the head pushed forward, and over-
stretched upper cervical joints. We also find this 
posture pattern in our osteoporotic patients. 

How kyphosis and imbalance of the 
muscles are related 

From the functional point of view the muscles have 
two main tasks: to ensure posture (statics) and to 
enable movement (dynamics) [Lewit 1998]. Although 
all muscles are involved in both tasks, the main role 
of the muscles of the trunk is to control upright 
posture. This function is primarily carried out by the 
tonic or fixation muscles, which produce less 
strength but can work for a long time without ex-
haustion. In contrast, the phasic muscles can de-
velop great strength within a short time but cannot 
maintain it for long. If chronically overstressed (for 
example, if the deep stabilization system fails), the 
tonic muscles tend to develop increased tension 

Fig. 107. Limiting structures of the abdominal chamber. 
From: Topographie und Funktion des Bewegungssystems,
Michael Schünke, Thieme, 2000, p. 203
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and in consequence shorten, whereas the phasic 
muscles tend to weaken. This results in a specific 
pattern of imbalance.

Among the group of muscles that tend to shorten 
are the short neck extensors, the descending part of 
the trapezius muscle, the major and minor pectoral 
muscles, the lumbar erector spinae, the iliopsoas 
muscle, the rectus femoris muscle, the ischiocrural 
muscles, the sural triceps muscle, the wrist flexors 
(e.g. the ulnar carpal flexor) and the finger flexors 
(e.g. the superficial digital flexor). 

Among the group of muscles that tend to weaken 
are the deep neck extensors, the rectus abdominis 
muscle, the oblique abdominal muscle, the vastus 
medialis, lateralis, and intermedius muscles, the as-
cending part of the trapezius muscle, the rhomboid 
muscles and the thoracic erector spinae, the greatest 
and the middle gluteal muscle, the pelvic floor, the 
wrist extensors, the digital joints and the ankles. 

The short autochthonous back muscles are deci-
sive for an upright posture. They cannot be con-
trolled by our free will or be activated consciously 
when there is a danger of falling; they work autono-
mously, e.g. as a reaction to a balance impulse, and 
can be trained only through sensomotoric exercise 
[Müller 2003]. 

Training and bone density 

More than any other factor, physical stress affects 
the risk of fracture, and in manifold ways. In addi-
tion to reducing the frequency of falling [Robertson 
2002], physical training has been shown in a large 
number of interventional studies to have positive 
effects on bone density in men and women of vari-
ous ages [Bérard 1997]. Nevertheless, it has not 
definitely been proven that strength training has a 
positive effect on bone density and fracture risk, 
even though published results are encouraging 
[Sinaki 2002]. Despite an enormous number of stud-
ies, an ideal procedure that could maintain or in-
crease bone density has still not been established. 

It has been proven in animal experiments [Jarvin-
en 1998] that mechanical stress on the bone leads 
to reorganization of bone trabeculae without in-
creasing bone density. Transferring this result to hu-
mans, it could mean that (strength-) training might 
lead to a lower fracture risk, although without im-
proving bone density. 

Scientific findings, however, clearly show that 
the objective often pursued – generating an increase 
of bone mass through strength training, thus reduc-

ing the fracture risk in older persons, especially 
those with osteoporosis – is not always appropriate 
[Papaioannou 2003]. Platen [2001] observes that, as 
a consequence of the reduced capacity and fre-
quently bad general physical fitness in the affected 
age group, gaining bone mass is rather improbable 
because the stress stimuli, which must be set for a 
bone anabolic effect, cannot be achieved. 

Instead, the appropriate age- and indication-spe-
cific aim for these patients must be sensomotoric 
training to improve coordination and balance. This 
reduces the danger of falling and lowers the fracture 
risk (Fig. 108). 

Sensomotoric training 

Sensomotoricity (a physiological term) or coordina-
tion (a sports-science term) is an ability based pri-
marily on processes of intake and processing of in-
formation, and is dependent on 

– a functioning perception,
– an intact nervous system,
– efficient skeletal muscles. 

Laube [2000] observes that parts of the sensomo-
toric system can never be selectively (individually) 
addressed or put into function. Receptors cannot be 
trained on their own, only the whole functional 
(sensomotoric) system. 

In practice this means that exercise programs that 
train the sensomotoric system as a whole need to be 
developed. This includes the task of reacting ade-
quately to new, unexpected impulses, and doing so 
with a fast sequence of movements, thus optimizing 
the reflexive control of movement. Maintaining an 
upright posture during the sequence of movements 
is one of the main tasks of the deep muscular stabi-
lization system (pelvic floor muscles, the diaphragm 

Fig. 108. Age or indication specific objectives
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and the transversal abdominal muscle constitute a 
system that is responsible for deep muscular stabili-
zation of the spine, together with the monosegmen-
tal parts of the erector spinae muscles). 

Sensomotoric training should therefore involve 
training the complete sensomotoric system, starting 
with the reception of information (perception), go-
ing on to performance of movement, and then stor-
ing the movement (“software development for the 
locomotor system”). This is the only possibility for 
exercising the short autochthonous back muscles as 
a part of the deep muscular stabilization system, as 
these can only be activated reflexively and work 
autonomously (e.g. reaction to a balance impulse). 
It allows unconsciously shifting the center of gravity 
of the body in order to stimulate postural responses 
of the deep muscular stabilization system. 

Many (thousand) exercise repetitions are neces-
sary to form new movement programs or to correct 
existing movement programs in the cerebellum 
[Meinel 1998]. This takes a long time and often in-
volves the risk of stress reactions and even of harm-
ing. Furthermore, intervention studies with osteopo-
rotic patients show that, especially in advanced age, 
the frequency of falling and the technique of falling 
correlate much more with an increased fracture rate 
than does bone density [Drinkwater 1995]. From 
this it can be inferred that, for reducing fracture in-
cidents, improved sensomotoricity (balance) is more 
important than improved physical strength and the 
related increase of bone density. 

This finding is also confirmed by Sinaki [2002] in 
a study with osteoporotic patients with distinctive 
kyphosis. The more insecure the patients are in their 
coordinative behavior, the more they profit from 
sensomotoric training regarding their equilibrium, 
which in turn has a positive effect on the risk of 
falling. 

In analogy with studies on the prevention and 
treatment of backache, studies on osteoporosis al-
most without exception have dealt only with im-
provement of functional motor resources (strength, 
stamina, mobility) [Müller 2001]. Sensomotoric ef-
ficiency is, however, an essential predictor for the 
risk of falling, as it takes into account the interrela-
tion between sensory control, cognitive representa-
tion, and motor control of posture (postural motoric 
system) and movement (directed motility), which is 
decisive for the occurrence of falling [Werle 1999]. 
The proprioceptive system is of great importance, as 
many older people with disorders of visual acuity 
and contrast sensitivity only lose their sense of bal-

ance if proprioception is also disturbed. According 
to Walter [2001], prevention of falling is one of the 
most important prophylactic issues concerning old-
er people, in addition to incontinence, impairment 
of the sensory organs and threatening social isola-
tion. 

Sensomotoric training fulfils the following func-
tions: 

1. Creating a new movement program,
2. Automating movement.

Postoperative concepts with 
sensomotoric training 

Sensomotoric training can be carried out with gym-
nastic apparatus that is very demanding for the 
equilibrium [Müller 2003]; for example, the aero-
step®, the mini-trampoline and the gymnastics ball. 
Each apparatus can be used on its own but can also 
be sensibly combined with an exercise band or sim-
ilar equipment. The sense of balance can also be 
trained during general activities of daily living. 

aerostep®

The aerostep® is a gymnastic apparatus consisting of 
a flexible dual-chamber air cushion with either a 
smooth or a knobbled surface. During practice, the 
body must be permanently centered on the support-
ing area for gaining a “sense” of posture. The prop-
erties of the apparatus (unstable knobbled surface) 
enable effective training of the postural system, es-
pecially of its proprioceptive and tactile parts. 

One characteristic of the aerostep® is that it is an 
ideal training device for home use. The aerostep®

can be sensibly used even if only little space is 
available, unlike a gymnastics ball for example, and 
can be incorporated into everyday life, as simply 
standing on the device has a training effect. The 
device can be used when (Figs. 109–112): 

– making a phone call,
– cleaning teeth,
– ironing,
– washing vegetables, peeling potatoes etc.,
– watching TV. 

If patient and therapist use their imagination, they 
will surely come up with countless possibilities.

In a study of our own [Schwesig 2004], we 
showed that sensomotoric training on the aerostep®

is able to improve the sensomotoric efficiency of 
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Fig. 109 Fig. 110

Fig. 111 Fig. 112

Figs. 109–112. Exercises and activities that can be carried out on the aerostep®
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older persons, especially those with osteoporosis. 
Significant improvements were found, particularly 
in static and dynamic ability to maintain equilibri-
um. These improvements were primarily based on 
adaptation within the peripheral vestibular system 
and on increased and more precise sagittal speed of 
movement. Furthermore, correlation with the vari-
able “risk of falling” indicated a reduction of risk as 
a result of training on the aerostep®. The training 
program also had a positive influence on the state 
of health of the subjects, although it did not influ-
ence the quality of life. The training concept is not 
only objectively and subjectively effective; it is also 
highly practicable and has a high acceptance with 
users. Based on the results from these studies, it can 
be stated that there are almost no limits for the use 
of this training apparatus if set to use purposefully 
and skillfully. 

Mini-trampoline 

The advantage of the mini-trampoline over similar 
training forms on solid ground (e.g. skipping, run-
ning) lies in the fact that the braking distance on the 
trampoline is longer than on a hard surface. Thus 
peak loads and overstraining of the passive and the 
active support and movement system can be avoid-
ed. On the trampoline all body movements are pri-
marily in the transverse plane while permanently 
and directly taking advantage of gravity [Schwesig 
2004] (Fig. 113). 

On the trampoline the body experiences two or 
three times the acceleration experienced in regular 
movements, but because the strain builds up rela-
tively slowly the bodily structures are better able to 
cushion these greater forces, and as a result of the 
improved training effect the duration of treatment 
can be considerably shortened [Bayerlein 1997]. 

Furthermore, when exercising on the trampoline, 
the body must be centered within the support area 
when swinging/jumping on one spot. In doing so, 

the body experiences greater angular momentum 
around its horizontal axis than it does on solid 
ground. This causes corresponding shifting of the 
limbs and trunk. In addition, when jumping on the 
trampoline, neurophysiological straightening im-
pulses are initiated. In particular, the vestibular ac-
tivity (organ of equilibrium) and the monosynaptic 
stretch reflex in all the anti-gravity muscles are ad-
dressed. As a result of the permanent neurophysio-
logical straightening impulses on the trampoline, the 
upright posture is stored in the motor memory and 
thus the basis for a new awareness of posture and 
movement is laid [Placht 1998]. 

Trampoline training primarily addresses the small 
monosegmental back extensors, which cannot be 
activated voluntarily and therefore can be trained 
only by reflex reaction. This is an important contri-
bution to improvement of the functionality of the 
deep stabilization system and thus to better control 
of posture. The trampoline is therefore an ideal 
training device for patients with osteoporosis. 

Furthermore, working with the trampoline also 
causes activation of other organ systems. 

Depending on the intensity of training, the car-
diovascular system is activated and in consequence 
the heart rate is increased. As with use of any other 
training equipment, it is also necessary to check the 
pulse and blood pressure regularly. 

The activation of the cardiovascular system leads 
to an increased respiration rate and also to deeper 
breathing. This is the direct connection to the dia-
phragm (see above).

Positive effects on bone and muscle metabolism 
can be expected, as the result of changing gravita-
tional forces during rebounding. Three bounces per 
second are normal and lead to a high-frequency 
activation of the receptors. 

Our personal experience of several years with 
trampoline therapy has led us to see the mini-tram-
poline as an ideal training device, also for osteopo-
rotic patients. Apart from positive factors such as 
the intensity and frequency of stimulus (up to 180 
impulses/minute), there is a very positive influence 
on the motivation of patients. Even those who are 
critical and sceptical at the beginning of treatment 
“don’t want to stop any more” after even a short 
while (Figs. 114, 115). 

If trampoline therapy is used not only for senso-
motoric training, it can simultaneously be used to 
stimulate bone anabolism. The qualities of the de-
vice mean that up to 3500 repetitions per training 
unit are no problem, which achieves positive effects 

Fig. 113. Stress characteristics on solid ground and on the 
mini-trampoline 
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on bone metabolism. Kemmler [2003] states that 
the less the height of the stimulus, the higher the 
stimulus frequency should be. Thus, with the ap-
propriate frequency, even a deformation of less than 
1000 µ  (microstrain) can have a positive influence 
on bone. 

Note: The intensity of a stress stimulus (stimulus 
height, e.g. an axial compression) is typically mea-
sured as the relative deformation (strain) of the bone 
concerned and is given in microstrain (µ ). 1000 µ
is defined as change of length of 0.1%. 

Outdoor training 

Apart from integrating exercises into their everyday 
lives and into their personal surroundings, it is just 
as important that patients do not exercise only in 
artificial conditions, such as the gym, but also in 

natural surroundings. Crossing a street with high 
kerbs, getting on a bus or train and walking on un-
even ground e.g. in a wood should be practised; 
however, only if patients know that they are able to 
get over these hurdles safely will they be prepared 
to face these situations. If patients lack the confi-
dence to move outside their familiar environment 
they will quickly become socially isolated. 

The pictures shown below of a playground visit 
are intended to illustrate one of the possibilities for 
outdoor activities (Figs. 116–119). Many patients 
with osteoporosis are grandparents and can use the 
time spent with their grandchildren positively for 
their health as well. 

Is it realistic to expect a patient to exercise for 
60 min 4–5 times a week? Do training programs 
with only one session per week make sense? There 
are no reliable data on what would be optimal train-

Figs. 114, 115. Exercises that can be carried out on the mini-trampoline 

Fig. 114 Fig. 115
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ing, and in any case the frequency of training should 
meet both the following demands: 

– Practicable and motivating for the patient
– Positive influence on bone parameters. 

It is important that all patients taking part in a train-
ing program learn exercises that they can do on 
their own and carry out safely at home. The exer-
cises should not require great additional effort such 
as changing clothes or assembling equipment, be-
cause only exercises that can be easily integrated 
into the daily routine will actually be done over a 
longer period. 

All study results and considerations are of little 
use if the patient is not – or cannot be – motivated 
to take responsibility for exercising regularly. Doc-
tors, therapists and family members are all asked to 
influence the patient positively in this respect. It is 
also important that the expectations set for the pa-
tient are realistic and practicable. Only very few 
patients will exercise daily for more than an hour, 
and keep up this practice over several years. The 
less the effort for the patient in terms of equipment, 
time and space to carry out the training program, 
the higher the probability that it will actually be 
done. Having fun is a big motivation factor, there-

Fig. 116 Fig. 117

Fig. 118 Fig. 119

Figs. 116–119. Outdoor activities
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fore it is important to take the personal preferences 
of the patient into account. In this respect, a Vien-
nese study [Kudlacek 1997] showed the positive 
effect that even a dance group for senior citizens 
had on the bone density of women with osteoporo-
sis. 

In the long term, patients will only regularly car-
ry out training programs for which they are moti-
vated. 

Kyphosis and incontinence

We are deliberately addressing urinary incontinence 
(UI) in this context as its significance, especially for 
older people, our patients, should not be underesti-
mated and has a strong influence on the quality of 
life.

The following data make this clear: 
Epidemiology: Women are affected more often 

than men; there are considerably more data avail-
able concerning women than concerning men. 

Among the total population, 12.6% suffer from 
urinary incontinence [Brähler 2004]: 6.1% of the 
18–40 year olds, 9.5% of the 41–60 year olds, and 
already 30% of the over 60 year olds. At this age 
the number of affected men increases considerably 
and is comparable with the number of affected 
women. Unfortunately, only 15% of the persons af-
fected get medical treatment. 

Despite these clear figures, UI is often neglected 
by patients and physicians and is accepted as a 
normal part of aging. Often patients do not discuss 
the problem with their physician at all or only very 
late. It is important to address the problem of incon-
tinence directly as, out of a sense of shame, patients 
often will not do this on their own. In addition, 
many patients think that an operation is the only 
possible treatment and thus keep quiet about the 
topic out of fear. Further, physicians who are not 
working in the field of gynecology or urology often 
know little about UI and therefore only hesitantly 

initiate diagnostic steps which are often insuffi-
cient. 

Every occupational group dealing with older 
people should engage in this topic as UI has serious 
consequences: 

Anxiety, depression, reduced social activity and 
shame often lead to isolation; UI is regarded as so-
cial death.

Incontinence is the second most frequent reason 
for nursing home admission and the principal cause 
for long-term care. 

66% of incontinent women and 58% of inconti-
nent men feel that their quality of life is lastingly 
restricted. Statistically, reduction of quality of life 
correlates significantly with the frequency and ex-
tent of incontinence, with impairment of sexuality 
and the necessity of carrying incontinence pads. 

There are some risk factors for UI: age, BMI, 
births, hysterectomy [Madersbacher 2003] and, not 
least, kyphosis [Mattox 2000].

One form of incontinence has special relevance 
to patients suffering from kyphotic deformity of the 
spine. 

Reflective incontinence is an insufficiency of the 
pelvic floor caused by a malfunctioning motor sys-
tem [Rock 2003]. The main cause is a nonphysio-
logical posture characterized by the following fea-
tures: flexion of the spine – lowering of the thorax, 
extension of the pelvis – adduction of the hip – an-

Table 10. Muscle contraction pattern during in- and 
expiration

Muscular system Inspiration Expiration

Diaphragm concentric eccentric 

Abdominal transverse 
muscle

eccentric concentric

Pelvic floor eccentric concentric

Fig. 120. Effects of incontinence
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kle plantar flexion – lowered transverse arch of the 
foot. 

Permanent inflection of the spine, whether lying, 
sitting or standing, reduces activity of the transverse 
abducting muscle, which in turn changes the activity 
of the pelvic floor muscles and in consequence their 
function within the bladder sphincter system [Saps-
ford 2001]. The intraabdominal pressure increases 
and thus also the pressure on the pelvic floor. 

The transverse abdominal muscle connects the 
pelvis with the thorax and the spine, therefore the 
position of these parts of the trunk has an influence 
on the activity of the muscle and vice versa. It has 
been proven that the transverse abdominal muscle 
is considerably more active when the spine is 
stretched than when it is bent. The muscle and the 
pelvic floor act functionally together, as concentric 
activity of the transversal abducting muscle leads to 
activation of the pelvic floor and vice versa. An 
upright posture is therefore necessary for the physi-
ological functioning of the pelvic floor, and its mus-
cles are thus an integral part of the movement sys-
tem and can be activated physiologically without 
isolated concentric activity having to be initiated. 
Nobody can or should have to think about trying to 
activate their pelvic floor 24 hours a day. 

The cooperation of the transversal abducting 
muscle, the pelvic floor and the diaphragm can be 
explained logically by means of respiration physiol-
ogy. During inhalation the diaphragm works con-
centrically and expands into the abdominal space. 
Here the pressure increases and the transversal ab-
ducting muscle and pelvic floor have to give way to 
the abdominal organs, i.e. both are working eccen-
trically. During exhalation it is the other way round. 
Malfunctioning of the diaphragm inevitably leads to 
impairment of the eccentric and concentric strength 
development of the pelvic floor (Table 10). 

Patients sometimes try to overcome incontinence 
by restricting their fluid intake; this does not work 

and can lead to dehydration and a consequent state 
of confusion. This state can very easily lead to fall-
ing with the known far-reaching consequences. 

Drinking very little also leads to constipation, 
where the increased demand for space within the 
true pelvis can induce overflow incontinence 
(Fig. 120). 

Patients who suffer from nycturia risk falling ev-
ery time they visit the toilet during the night. In ad-
dition, the quality of sleep is considerably reduced 
and eventually also the quality of life (Fig. 121). 

Thus treating incontinence can also be seen as a 
prevention of falling. 

In summary, incontinence can be treated and the 
earlier that therapy is started the better the chance 
of success; this can be up to 80%. 

An upright posture, thus avoiding kyphotic mal-
position of the spine, is a pre-condition for adequate 
therapy or prophylaxis.
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International coding of diseases 
according to ICD 10-GM 2004 
Coding for osteoporosis 

Main diagnosis 
ICD 10-GM 2004 

Description 

M80.08 Postmenopausal osteoporosis with 
pathological fracture 

M80.18 Osteoporosis with pathological 
fracture after ovariectomy 

M80.28 Inactivity osteoporosis with 
pathological fracture 

M80.38 Osteoporosis with pathological 
fracture due to malabsorption after 
surgery

M80.48 Drug induced osteoporosis with 
pathological fracture 

M80.58 Idiopathic osteoporosis with 
pathological fracture 

M80.88 Other osteoporosis with pathologi-
cal fracture 

  
Coding for tumors

In the case of tumors the vertebral fracture has to tumors the vertebral fracture has to the vertebral fracture has to 
be coded as a secondary diagnosis and the tumor tumor
as the main diagnosis. 

Secondary diagnosis 
ICD 10-GM 2004 

Description 

M49.5-* Vertebral body compression with 
elsewhere classified diseases

M49.5-4* Thoracic region
M49.5-5* Thoracolumbar region
M49.5-6* Lumbar region 
M49.5-7* Lumbosacral region 

Coding for trauma 

In the case of several fractures, every single vertebra
has to be coded. 

Main diagnosis 
ICD 10-GM 2004 

Description 

S22.0- Fracture of thoracic vertebra 

S22.01 Th1 and Th2 

S22.02 Th3 and Th4 

S22.03 Th5und Th6 

S22.04 Th7 and Th8 

S22.05 Th9 and Th10 

S22.06 Th11 and Th12 

S32.0- Fracture of lumbar vertebra 

S32.01 L1 

S32.02 L2 

S32.03 L3 

S32.04 L4 

S32.05 L5 

Reimbursement codes per country 
(in alphabetical order)
Austria 

MEL Description 

1255 CT-assisted reduction and filling of vertebral body 
with balloon catheter (kyphoplasty). Coding = 1 
session 

This MEL is subject to the following conditions: “For 
the clearance of MEL 1255 the units must be ap-
proved by the regional health commission. Prereq-
uisite for the approval is a center for spine surgery 
at the hospital. 

The MEL code tracks to MEL group 01.17: Mini-
mal Invasive intervention in the Spine. The relative 
weights for this MEL group 4.068 points for the in-
tervention + 1.017 points for the hospitalisation = 
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total of 5.085 points or ± 5.100 Euros. This is the 
flexible part paid to the hospital on top of the fixed 
funding by the Länder as global hospital budget. 

Belgium

No reimbursement exists for Balloon Kyphoplasty 
yet. 

Some private insurances reimburse the traumatic 
cases (work accidents);

The Belgian expert centre (KCE) assessed Balloon 
Kyphoplasty and issued a positive guidance in No-
vember 2006. 

France

Public hospitals (AP)

Balloon Kyphoplasty can be financed by capped 
hospital budget (référencement) and according to 
the GHS (French DRGs): 

• Spine intervention without complication: 
3 902.96 €

• Spine intervention with complication: 
6 187.79 €

Balloon Kyphoplasty can be financed by local 
innovation budgets

Balloon Kyphoplasty can be funded under the STIC 
budget as from 2007. The DOH has allocated a 
specific budget for 4 studies on Balloon Kyphoplas-
ties for 2 years:

• Randomized study on fresh osteoporotic verte-
bral fractures: BKP versus vertebroplasty versus 
conventional medical management with a brace 
(100 patients in each group).

• Randomized study on old osteoporotic vertebral 
fractures: BKP versus vertebroplasty (100 patients 
in each groups).

• Randomized study on traumatic fractures A1 and 
A2: BKP versus vertebroplasty (100 patients in 
each group) with the KyphX cement.

• Observational study on traumatic vertebral frac-
ture (A3, B1 and C1) BKP + posterior open sur-
gery: 50 BKP with the KyphX cement.

Private hospitals

Balloon Kyphoplasty can be financed within the 
framework of a local innovation budget. 

File for national reimbursement was submitted 
beginning 2007 for the following indications:

• Intensive and persistent pain treatment and ver-
tebral deformation correction linked with osteo-
poroses vertebral fractures with the KyphX ce-
ment.

• Intensive and persistent pain treatment linked 
with osteolytic vertebral fractures with the KyphX 
cement.

• Reduction and stabilization of A3 burst vertebral 
fractures: BKP + posterior open surgery with the 
KyphOs.

The private insurances reimburse to the patients the 
part of hospital expenses not funded by the Public 
Health Insurances.

Germany 

In Germany, all inpatient acute-care hospital ser-
vices are financed according to the G-DRG system. 
The fees of the G-DRG system apply equally to both 
private and social health insurers. 

The 2006 version of the G-DRG system contains 
878 codes (the 2007 version contains 954 codes) 
that group hospital episodes according to the pri-
mary diagnosis upon admission to a hospital and 
the procedures used during treatment. Each DRG is 
associated with a “relative weight” that is supposed 
to reflect the amount of resource utilization associ-
ated with a DRG in relation to the average resource 
utilization of all hospital cases (for which the rela-
tive weight is set at unity).

To calculate the amount of payment associated 
with a DRG, its relative weight is multiplied by the 
“base rate” of a hospital. The base rate is supposed 
to reflect the average cost of a hospital case in mon-
etary terms. Currently, the DRG system is moving 
from individual base rates for each hospital to pay-
ment based on state-wide base rates.

Although earlier versions of the G-DRG system 
contained different DRGs for kyphoplasty that de-
pended on the primary diagnosis, in the 2006 and 
2007 versions, one DRG code covers all patients 
who are admitted to the hospital for treatment of 
the fracture of a vertebral body and are treated us-
ing kyphoplasty, regardless of the underlying reason 
for the fracture. As long as the procedural code OPS 
5-839.a_ (“implant of material in vertebrae follow-
ing height restoration´”) is the main procedure, in-
patient care for a vertebral fracture will be paid for 
by private and social health insurers according to 
the DRG code I09, “fusion of a vertebra”. 
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DRGs G01Z I79Z 
2005

Description

5-839.a- Implantation of material into a 
vertebral body with preceding 
reduction, incl. kyphoplasty 

5-839.a-0 1 segment 
5-839.a-1 2 segments 
5-839.a-2 3 segments 
5-839.a-3 More than 3 segments 

Additional code 
5-986 

Application of minimal invasive 
techniques

This code is broken down into three sub-codes, 
I09A, I09B and I09C, with A representing treatment 
with the most resource utilization (e.g. due to two 
or more co-morbidities) and C treatment with the 
least amount of resource utilization.

Assuming a base rate of € 2,900, the level of 
payment associated with the 2006 DRGs for kypho-
plasty are given below:

2006

I09A: relative weight 4.168 € 12,087.20
I09B: relative weight 3.209 € 9,306.10 
I09C: relative weight 2.306 € 6,687.40 

The relative weights for 2007 have increased slight-
ly over their values in 2006 for the group I09A (by 
4%) and only minimally for the DRGs I09B and 
I09C (by 1.3% and 0.22% respectively). The levels 
of payment in 2007 for each DRG are given below 
assuming a base rate of € 2,900.

2007

I09A: relative weight 4.333 € 12,565.70 
I09B: relative weight 3.251 € 9,427.90 
I09C: relative weight 2.311 € 6,701.90 

2008

I09A: relative weight 4.727 € 13,708.30 
I09B: relative weight 3.240 € 9,396.00 
I09C: relative weight 2.694 € 7,812.60
I09D: relative weight 2.237 € 6,487.30

Greece

The balloon kyphoplasty procedure and devices are 
reimbursed in Greece.

Italy

In Italy, the procedures are financed by DRGs. 
Balloon Kyphoplasty can be financed by differ-

ent DRGs depending on the diagnosis and compli-
cations of the patient. 

The procedure ICD-9-CM-2002 code used for 
BKP is:
• Code 78.49: other restoring treatments /plasty on 

bone/vertebra.
• The BKP procedure is generally provide as inpa-

tient treatment (length of stay 2 days).
• DRG 233: other treatment on musculoskeletal 

system with complication (average of € 6,980).
• DRG 234: other treatment on musculoskeletal sys-

tem without complication (average of € 3,300).
• The DRG’s tariffs could change in a range of 

± 10% depending regions and Hospital.
• No extra reimbursement is provided for multi-

level treatment.

Netherlands

Balloon Kyphoplasty can be financed within the 
free part of the hospital budget under code 
05.11.1395.223. The amount for this DBC is for one 
level. For each extra level, an additional 50% of this 
payment can be added. 

The hospital also has the possibility to ask for a 
specific budget for this innovative treatment. This is 
already the case in several hospitals in the Nether-
lands. A request for a specific DBC for balloon ky-
phoplasty has been introduced.

Ontario

Balloon Kyphoplasty is funded in Ontario. Payment 
for the procedure (medical act) is under the follow-
ing codes:

• #N583 Kyphoplasty (balloon tamp and injection 
of bone cement)

• as sole procedure, first level  . . . . . . . . . 969.00
• #E392-kyphoplasty combined with any other 

procedure
• first level, to other procedure . . . . . .add 510.00
• #E393-kyphoplasty, each additional level, to 

N583 or
• E392  . . . . . . . . . . . . . . . . . . . . . . . .add 510.00
• #E381-intra-operative, diagnostic or physiologi-

cal neuro
• monitoring, to N583 or E392 . . . . . .add 179.30
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These codes give the surgeons a total of Ca$ 
1,148.30 for the first level of BKP and $ 510 for each 
additional level (payment for the surgical proce-
dure).

Biopsy with Needle is coded under Z940 at 
$ 142.80.  This code can be billed additionally to 
the balloon kyphoplasty code when a biopsy is per-
formed during the Balloon kyphoplasty procedure.

The devices are reimbursed separately.

South Africa

The South African private insurers reimburse Bal-
loon kyphoplasty.

Spain

In Spain, balloon Kyphoplasty is financed out of the 
global budget of the hospital or by private Insurers. 

Switzerland 

The Swiss Home Office (Eidgenössisches Depart-
ment des Inneren) has temporarily added kypho-
plasty to the health insurance scheme as of January 
1st, 2005, valid until December 31st, 2007. The fol-
lowing benefits are included: 

Acute painful vertebral body fractures that don’t 
respond to treatment with analgesics, and which 
show a deformity that needs to be corrected; the 
following indications according to the guidelines of 
the Swiss Society for Spinal Surgery of September 
23, 2004 must be given for the applicability of the 
insurance scheme for kyphoplastic treatment: 

• 15° thoracic kyphosis or 10° lumbar kyphyosis or
• At least 1/3 height reduction of the vertebra in 

comparison with adjacent vertebrae; 
• Fracture not older than 8 weeks or persisting 

painful fracture (VAS persisting > 5) older than 
8 weeks; 

• Pain must be caused by the fracture;
• Vertebral compression fracture caused by tumor.

Furthermore the operation must be documented over 
a two year period with follow-up examinations.

A Swiss balloon kyphoplasty register with ex-
amination sheets (MEMdoc of April 28, 2005) is 
available. 

The operation can only be carried out by a sur-
geon certified either by the Swiss Society for Spinal 
Surgery, the Swiss Society for Orthopaedics, or the 
Swiss Society for Neurosurgery. These three societ-
ies have, amongst others, initiated an evaluation 
programme for this service; the results will serve as 
a basis for the decisions to be taken in 2007. Ini-
tially this service is limited to three years. 

Until now there isn't a specific reimbursement 
number in the Swiss reimbursement catalogue (Spit-
alleistungskatalog) or in the Health Care Benefit 
Regulation (Krankenpflegeleistungsverordnung).

The level of funding is in principle free and will 
depend on the agreements the hospital made (can 
be DRG-like or fee for service). 

BKP is funded in Switzerland for traumatic pa-
tients by the accident insurances.

Turkey

The balloon kyphoplasty procedure and devices are 
reimbursed in Turkey.

UK

Public Sector (NHS)

The Department of Health (DoH) has issued Bal-
loon Kyphoplasty with it’s own specific code:

V445: Balloon Kyphoplasty for fracture of spine. 
This code will continue to map to HRG R03 for the 
2007/08 fiscal year (see Table 11).

Private Sector

The BCWA (committee for private medical insur-
ance providers UK) has issued Balloon Kyphoplasty 
with its own specific code: 

Table 11

HRG 
code

HRG name Elective 
spell tariff 
(£)

Elective 
long stay 
trimpoint 
(days)

Non-
elective 
spell tariff 
(£)

Non-
elective 
long stay 
trimpoint 
(days)

Per day long 
stay payment 
(for days 
exceeding 
trimpoint) (£)

R03 Decompression and effusion for 
degenerative spinal disorders

5,100 13 6,984 48 248 
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XR542: Balloon Kyphoplasty for fracture of spine. 
This code went live on the 1st of November 2006 
and will be reimbursed by the major private medi-
cal insurance providers.

Under this code the surgeon will be paid an 
average of £ 1,400 for one level.

USA

Medicare and Medicaid Services (CMS) issued a 
recommendation as part of the 2005 Inpatient Pro-
spective Payment System (IPPS) Rule that allows a 
unique ICD-9 code for balloon kyphoplasty, which 
is 81.66. This code permits payment under five po-
tential DRG codes. Balloon kyphoplasty procedure 
(not including the medical act) is covered under the 
following DRGs:

DRG 233:  Musculosceletal System and Connective 
Tissue or Procedures with complications 
or co-morbidities.

DRG 234:  Musculosceletal System and Connective 
Tissue or Procedures without complica-
tions or co-morbidities.

DRG 442:  Other OR Procedures for Injuries, with 
cc.

DRG 443:  Other OR Procedures for Injuries, with-
out cc.

DRG 486:  Other OR Procedures for multiple sig-
nificant trauma.

Since January 1, 2006, the following CPT codes are 
effective for physician reimbursement for kypho-
plasty (see Table 12). 

Using the newly published fee schedule, the ad-
justed Medicare payment to physicians for their pro-
fessional services is expected to range from approx-
imately $ 565 to $ 778 for a single-level balloon 
kyphoplasty procedure with fluoroscopy and ap-
proximately $ 872-1,175 for a two-level balloon ky-
phoplasty procedure with fluoroscopy. These ranges 
reflect that Medicare payment rates are adjusted to 
account for geographic variations in practice ex-
penses and malpractice insurance costs. 

The authors cannot guarantee or promise cover-
age or payment for any products or any procedures. 
Such determinations are made based on, including 
but not limited to, individual patient conditions, the 
Health Insurance schemes in place and the patient’s 
insurances. 

This reimbursement update represents at the 
time of writing the author’s best knowledge/efforts 
to include accurate, reliable and up to date 
information. The authors do not make any warran-
ties or representations, express or implied, as to the 
accuracy, reliability, correctness and completeness 
of the content of the reimbursement update and as-
sumes in this respect no liability or responsibility for 
any inaccuracies, errors, omissions, misstatement 
and incompleteness nor can the authors be held 
liable for any miscoding of the balloon kyphoplasty 
procedures.

Table 12

CPT Code Description 2006 RVUs Unadjusted payment

22523 Percutaneous vertebral augmentation, including cavity creation 
(fracture reduction including biopsy when performed) using 
mechanical device, one vertebral body, unilateral or bilateral 
cannulation (e.g. kyphoplasty); thoracic 

16.29 $ 589.32

22524 Percutaneous vertebral augmentation, including cavity creation 
(fracture reduction including biopsy when performed) using 
mechanical device, one vertebral body, unilateral or bilateral 
cannulation (e.g. kyphoplasty); lumbar

15.61 $ 564.72

22525 Each additional thoracic or lumbar vertebral body (List separate-
ly in addition to code for primary procedure)

7.47 $ 270.24

76012 Radiologic supervision and interpretation, percutaneous verte-
broplasty or vertebral augmentation including cavity creation, 
per vertebral body; under fluoroscopic guidance

1.88 $ 68.01

76013 Radiologic supervision and interpretation, percutaneous verte-
broplasty or vertebral augmentation including cavity creation, 
per vertebral body; under CT guidance

1.93 $ 69.82
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