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Osteoporosis is a common condition experienced by an ever-growing seg-
ment of the population. While it is treated by many different medical disci-
plines, despite its prevalence, osteoporosis is frequently overlooked until it is 
a significant source of morbidity. Osteoporotic vertebral compression frac-
tures serve as an example of one consequence that can occur as a result of 
untreated osteoporosis. All too often, vertebral compression fractures are the 
initial finding of osteoporosis, and while this situation occurs commonly, 
there is still much ambiguity regarding the subsequent management and treat-
ment of these patients.

Due to a variety of reasons, there is a significant confusion among special-
ists as to the ideal management of osteoporotic compression fractures. While 
most conditions are treated by one group of specialists, osteoporotic com-
pression fractures are treated by endocrinologists, rheumatologists, orthope-
dic surgeons, neurosurgeons, interventional radiologists, physiatrists, 
anesthesiologists, gynecologists, and primary care physicians. Physicians 
from these disciplines typically view the pathology through their own eyes, 
relying on their training and expertise to guide treatment. Unfortunately, it is 
virtually impossible to have all the knowledge and expertise of clinicians 
from other areas of medicine which could perhaps provide a more compre-
hensive treatment plan. One of our goals in writing this textbook was to help 
clarify the optimal management of these patients by presenting some of the 
latest literature published on the topic by experts in the various fields which 
treat these patients. By including authors from multiple disciplines, we hope 
to provide a more thorough treatment algorithm to help clinicians to better 
manage these patients, thereby minimizing clinical sequela from an other-
wise preventable condition.

Brooklyn, NY, USA Afshin E. Razi, MD 
Boston, MA, USA Stuart H. Hershman, MD 
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Normal Bone Physiology

Henock T. Wolde-Semait and Daniel Komlos

Throughout life, the bones of the human skeleton 
are perpetually remodeled. Changes in biome-
chanical forces and removal and replacement of 
old damaged bone with new bone all contribute to 
this process. There are four categories of bones – 
irregular, flat, long, and short. These categories 
are made up of the appendicular skeleton which 
has 126 bones, the axial skeleton which consists 
of 74 bones, 6 auditory ossicles, and a variable 
number of sesamoid bones. This number is not set 
at birth; typically newborns have about 270 bones; 
however, this gradually decreases to 206 [1] in the 
skeletally mature adult. While the primary func-
tion of the skeleton is structural support, it also 
functions critically in movement by providing 
levers for muscles, maintains hematopoiesis and 
acid-base balance, and serves as a reservoir for 
minerals, cytokines, and growth factors.

In general, bones are made up of two different 
regions, an outer dense, solid, cortical region and 
an inner loose honeycomb-like trabecular region. 
The ratio of each differs from bone to bone, with 
vertebrae being the most trabecular and the diaph-
ysis of long bones containing the most cortical 
bone [2]. Periosteum covers the outside cortical 

bone, and an endosteum lines the inside  – both 
layers nourish cortical bone through a dense net-
work of blood vessels. Osteons contained within 
both cortical and trabecular bone each have a 
slightly different structure. Cortical osteons are 
also known as haversian systems and make up the 
functional unit of cortical bone. Each one is 
4–10 mm long and about 0.2 mm in diameter and 
consists of 5–15 concentric layers or lamellae of 
compact bone that surrounds a central haversian 
canal [3]. Each canal in turn contains central 
blood vessels which nourish each system. 
Lamellae, whose circumferential layers look like 
rings of a tree and whose collagen fibrils are 
arranged in an orthogonal pattern contain within 
them, contain spaces or lacuna. Inside each lacuna 
is an osteocyte, a differentiated mature osteoblast. 
Osteocytes, while grossly may appear to be iso-
lated within each lacuna, actually contact each 
other via long thin cytoplasmic processes which 
traverse within transverse tunnels known as cana-
liculi [4]. Osteocytes, along with osteoclasts and 
osteoblasts, play a significant role in bone growth 
and remodeling. Prior to examination of bone for-
mation and remodeling, a basic overview of 
aforementioned cell types will be discussed.

 Osteoclasts

The only cell known to be capable of resorbing 
bone, osteoclasts, is truly unique with respect 
to  bone remodeling. They are derived from 
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 mononuclear precursor cells that arise from a 
monocyte- macrophage lineage, and while found 
within many tissues, those which give rise to 
osteoclasts are thought to reside only in bone mar-
row [5]. Numerous transcription factors have 
been identified to play a role in osteoclast differ-
entiation, many of which will be described below. 
PU.1 is an early transcription factor, which 
appears during myeloid differentiation and is 
essential for osteoclast development [5]. Likewise, 
c-Fos is essential for osteoclast development; 
mice lacking this transcription factor, like PU.1, 
develop osteopetrosis [6]. Interestingly, c-Fos-
deficient mice still develop macrophages, while 
PU.1 knockout mice do not, implying c-Fos being 
secondary to PU.1 and PU.1 being necessary for 
early macrophage development [7]. Other tran-
scription factors such as microphthalmia- 
associated transcription factor (MITF) and nuclear 
factor of activated T-cells cytoplasmic-1 (NFAT-
1) are also required for osteoclast formation; how-
ever their roles are not as clearly defined [8]. 
RANKL and colony- stimulating factor-1 (CSF-1) 
are produced by osteoblasts and stromal cells of 
the bone marrow – these appear in both a cell sur-
face and soluble form and play critical roles in 
mature osteoclast differentiation. Osteoprotegerin 
(OPG) functions to bind RANKL, thus leaving 
RANK receptors inactivated which decreases the 
maturation of osteoclasts. When mature, osteo-
clasts bind to bone matrix via integrin receptors to 
collagen, fibronectin, and laminin. This binding 
causes them to become polarized with their 
resorption surface developing the classic ruffled 
border, leading to the formation of vesicles con-
taining cathepsin K and matrix metalloproteases. 
These vesicles are released into the extracellular 
space adjacent to the bone surface, and the acidic 
environment begins to digest organic matrix 
[9–11].

 Osteoblasts

Osteoblasts develop from pluripotent mesenchy-
mal stem cells and are controlled in part by the 
transcription factor RUNX2 – RUNX2 knockout 
mice have a complete lack of mineralized tissue 
[12]. The Wnt/Beta-catenin pathway has also 

been shown to be necessary for osteoblast forma-
tion with high expression being present within 
the embryonic skeleton. Osteoblasts form bone 
and play additional roles in the production of 
bone matrix proteins, bone mineralization, and 
the expression of osteoclastogenic factors [13]. 
They are a heterogeneous population  – some 
respond one way to hormonal signals, while oth-
ers have been shown to respond differently to 
similar signals within the axial and appendicular 
skeleton. When quiescent, osteoblasts exist in a 
flattened form which line both the endosteal sur-
face as well as the undersurface of the perios-
teum. During bone remodeling they leave this 
state, become active and rounded, and move to 
areas of bone formation; they return to their flat-
tened state once active bone growth is complete. 
Active forms secrete type I collagen and other 
matrix proteins and can be differentiated easily 
on microscopy due to their large single nucleus 
and prominent Golgi apparatus [14].

 Osteocytes

Terminally differentiated osteoblasts are known 
as osteocytes and are found within lacunae inside 
bone matrix. Gap junctions allow for communi-
cation via filopodia and are required for osteocyte 
activity and survival. They function in mechano-
sensation and respond to various stresses placed 
on bone, a process which is thought to be medi-
ated by cytoplasmic fluid flow [15]. Osteocytes 
live for decades, and the presence of empty lacu-
nae in aging bone suggests apoptotic mecha-
nisms, which has been shown to be regulated by 
estrogen deficiency. Estrogen treatment and 
bisphosphonates may function to prevent apopto-
sis and thus maintain bone health [16]. These 
three cell types are the most significant 
 contributors to skeletal growth and remodeling – 
a brief overview will now be presented.

 Bone Growth and Remodeling

Bone grows radially and longitudinally only dur-
ing childhood and adolescence; however model-
ing occurs throughout life as bones make gradual 
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adjustments based on changes in applied forces 
[17]. Bones normally widen with age, as new 
bone is deposited just deep to the periosteum and 
resorbed from the endosteum. It also thickens in 
certain regions based on the increased forces, a 
concept known as Wolff’s law [18]. Bone remod-
eling allows bone to maintain its strength and 
mineral homeostasis capabilities. Unlike growth 
and modeling, which serve to increase the overall 
net amount of bone, remodeling can be thought 
of as keeping the overall amount of bone in a 
steady state [19]. It should be noted however that 
remodeling does increase slightly in aging men 
and women – this process occurs at a faster rate 
in postmenopausal women [20]. The remodeling 
cycle happens in four stages: activation, resorp-
tion, reversal, and formation. These stages occur 
sequentially. Fractures will initiate the remodel-
ing cascade, otherwise the sites at which remod-
eling is initiated are seemingly random [20, 21].

Activation involves the production and detec-
tion of initiating signals. These signals can be 
direct mechanical strain placed on bone, hor-
mones such as estrogen and PTH, or small mol-
ecules from underlying exposed matrix. 
Recruitment of osteoclast precursors occurs in 
response to detection of these signals, and once 
they arrive at the area of interest, they fuse to 
form multinucleated preosteoclasts [22]. 
Preosteoclasts then bind to the bone matrix via 
integrins and form annular “sealing zones” where 
bone resorption will occur [23, 24].

Resorption is the next phase of bone remodel-
ing. It normally lasts about 2–4  weeks during 
each remodeling cycle and is a complex process 
regulated by numerous factors including 
RANKL, OPG, IL-1 and 6, CSF-1, PTH, calcito-
nin, and 1,25-dihydroxyvitamin-D [25, 27]. 
These factors are released by osteoblasts, and 
while each subtly functions to increase or 
decrease osteoclast activity, the collective net 
effect is an increase, and subsequent resorption, 
of bone [26]. IL-1 and 6 have been shown to 
induce osteoclast differentiation [27, 28] to their 
ready form, while CSF-1 promotes proliferation 
and survival of osteoclasts as well as increased 
osteoclast motility and cytoskeletal reorganiza-
tion. RANKL promotes differentiation to mature 
cells and also increases resorption activity. 

Various hormones will then increase or decrease 
osteoclast activity based on what is required at 
the time. The actual mechanism of resorption 
involves the secretion of hydrogen ions via 
H+-ATPase proton pumps and Cl channels found 
within the osteoclast cell membranes. The enzy-
matic pH is generally around 4–5, a level at 
which bone matrix can easily be mobilized [29, 
30]. Cathepsin K, matrix metalloproteinase 9, 
and tartrate-resistant acid phosphatase then 
become released from lysosomes and digest 
organic matrix. Once the inorganic and organic 
substances have been removed, a characteristic 
shallow bowl-shaped Howship’s lacuna remains 
on the surface [31]. Once done, osteoclasts 
undergo apoptosis leading to the next phase of 
remodeling.

The reversal phase was so named because it is 
during this stage that bone resorption is reversed, 
leading to subsequent bone formation. Although 
osteoclasts have undergone apoptosis and are no 
longer present at lacuna, mononuclear precursor 
cells, preosteoblasts, and liberated osteocytes 
remain and begin the process of reversal and 
preparation [32]. While the exact signals that 
trigger the initiation of reversal are not yet known, 
TGF-Beta, IGF-1 and 2, and BMPs are thought to 
play significant roles [33, 34]. These factors pro-
mote the final removal of undigested matrix and 
prepare for the final phase, formation.

As the name suggests, formation involves all 
the steps needed to deposit and mineralize new 
bone and takes approximately 4–6 months to com-
plete [34]. It is during this phase that osteoblasts 
synthesize new matrix composed of type I colla-
gen and deposit it within the previously formed 
lacuna. Proteoglycans, alkaline phosphatase small 
integrin-binding ligand (SIBLING) proteins, and 
lipids make up the remaining minority of organic 
substance [35]. The remaining step is hydroxyapa-
tite secretion and incorporation into collagen, and 
while that exact mechanism is unknown, nonspe-
cific alkaline phosphatase and nucleotide pyro-
phosphatase phosphodiesterase are thought to 
create the optimal extracellular environment to 
allow for this mineralization process [35].

With the formation of new bone, the remodel-
ing process concludes. Osteoclasts undergo apop-
tosis, while osteoblasts either follow a similar fate 
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(about 50–70% of the total pool) and revert to the 
bone-lining phenotype or become embedded 
within matrix and differentiate to osteocytes. 
Osteocytes live within their lacuna and maintain a 
healthy environment. The appearance of this bone 
is now the characteristic osteon, made up of both 
organic and inorganic matrix which is the final 
description of the microscopic physiology and 
anatomy of bone (Table 1.1).

 Organic Bone Matrix

Type I collagen makes up 85–90% of collagenous 
protein, with types III, IV, and fibril-associated 
collagen with interrupted triple helices (FACIT) 
making up the remainder. The latter proteins are 
non-fibrillary collagens that are thought to serve 
as bridges and help stabilize and organize extra-
cellular matrices; these members include colla-
gens IX, XII, XIV, XIX, and XXI [36]. 
Non-collagenous proteins, such as proteoglycans, 

phosphatases, and growth factors, help regulate 
cellular activity and matrix mineralization. As 
mentioned above, osteoblasts are responsible for 
the synthesis and secretion of both collagenous 
and non-collagenous proteins. Alkaline phospha-
tase is the principle glycosylated protein present 
in the extracellular matrix and is also found bound 
to osteoblast surfaces. The most prevalent non-
collagenous protein however is osteonectin, also 
known as secreted protein acid which is rich in 
cysteine (SPARC), and is a basement membrane 
protein that is thought to play a role in collagen 
fibril assembly, procollagen processing, osteo-
blast growth, and profileration [37].

 Inorganic Bone Matrix

The overall composition of bone is about 50–70% 
mineral, 20–40% organic matrix, and 5–10% 
water, and the remainder is lipid. The overwhelm-
ing majority of mineral is hydroxyapatite 

Table 1.1 The microscopic physiology and anatomy of bone

Cell type Compound Function Mutations
Osteoclasts PU.1 Early transcription factor, responsible for 

hematopoiesis. Implicated in osteoclast development
Osteopetrosis

C-Fos Transcription factor, requires for macrophage-
osteoclast lineage

Osteopetrosis

MITF Required for osteoclast-specific membrane channels Waardenburg syndrome 
type 2

NFAT-1 Required for osteoclast formation, exact function 
unknown

Breast cancer

CSF-1 Osteoclast differentiation Osteopetrosis
Osteoprotegerin Binds RANKL, decreases maturation of osteoclasts Juvenile Paget disease

Osteoblasts RUNX2 Transcription factor, required osteoblast differentiation, 
known as the “master regulator of bone”

Cleidocranial dysostosis, 
osteosarcoma

Sp7 Transcription factor, thought to interact with RUNX2 
to promote osteoblast differentiation, induces Col1a1, 
osteonectin, osteopontin

Osteogenesis imperfecta

DLX5 Transcription factor, interacts with RUNX2 and DLX5 Hand and foot 
malformation syndrome

FGF Promotes osteoblast differentiation Chondrodysplasias
FosB Released by mechanical stress, increases osteoblast 

formation
Short-rib thoracic 
dysplasia

Osteocytes PHEX Involved in bone mineralization, osteopontin is the 
substrate for PHEX

X-linked 
hypophosphatemic rickets

MEPE Involved in integrin recognition, highly expressed in 
osteocytes

Osteomalacia, 
osteoporosis

DMP1 Highly expressed by osteocytes, required for bone 
mineralization

Autosomal recessive 
hypophosphatemia

E11/gp38 Promotes cytoplastic process formation Unknown
Sclerostin BMP antagonist, has anti-anabolic effect on bone Van Buchem disease

H. T. Wolde-Semait and D. Komlos
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[Ca10(PO4)6(OH)2], with the rest being carbonate, 
magnesium, and acid phosphates. Unlike their 
geological cousin, bone hydroxyapatite is smaller 
by weight, poorly crystallized, and more soluble. 
Alkaline phosphatase, osteocalcin, osteopontin, 
and bone sialoprotein all regulate bone mineral-
ization via the amount of hydroxyapatite that is 
formed. Minerals are first deposited in zones 
between the ends of collagen fibrils and then sub-
sequently filled [38]. As bone matures, hydroxy-
apatite crystals purify and enlarge through 
aggregation and individual crystal growth. While 
not mentioned earlier, vitamin D plays an impor-
tant role in stimulating the mineralization of un- 
mineralized bone. After GI absorption or skin 
production, vitamin D is converted to its active 
form via the liver and kidneys, to 
1,25- dihydroxyvitamin-D.  It is this compound 
that is responsible for maintaining serum calcium 
and phosphorus levels allowing for the passive 
mineralization of bone matrix. This is accom-
plished by promoting intestinal absorption of 
these ions, as well as differentiation of osteo-
blasts and osteoblast expression of osteocalcin, 
osteonectin, OPG, and numerous other cytokines. 
The description above provides a brief and clas-
sic overview of bone physiology; below will 
describe some advances in molecular biology 
that have helped further the understanding and 
function of bone.

 Updates on Bone Physiology

Osteoclast function is complex – much of their 
regulation and function is still unknown. In recent 
years, attention has focused on preosteoclasts, 
the cells that will eventually form multinucleated 
osteoclasts. Recent evidence has shown that pre-
osteoclasts are mobilized to blood by sphingo-
sine- 1 phosphate (S1P) and sphingolipid, which 
are secreted by erythrocytes and platelets. 
Preosteoclasts and osteoclasts express S1P recep-
tors and are attracted by this chemokine, possibly 
helping to promote the fusion of the mononucle-
ated precursors to their more mature multinucle-
ated form. Additionally, S1P expression is 
negatively regulated by cathepsin K, which may 
posit a future role for its inhibitors as a bone 

 stimulating agent [39, 40]. S1P levels are also 
increased in the synovial fluid of rheumatoid 
arthritis, which may attract preosteoclasts to 
affected joints [39], and calcitonin has been 
shown to inhibit osteoclast activity by way of 
S1P [41]. While still early, this may prove impor-
tant with respect to potential future pharmaco-
therapeutic agents.

G-proteins and regulators of G-protein (RGS) 
act to enhance the action of G-protein signaling 
and represent another example of complex regu-
lation which has been implicated in osteoblast 
physiology. RGS2 has been shown to play a role 
in osteoblast differentiation via upregulation of 
forskolin and PTH. RGS5 may play a role in the 
osteoblastic response to extracellular calcium 
and Axin, a member of the RGS family, which 
negatively regulates bone mass (Axin knockout 
mice have increased bone density as compared to 
their wild-type controls) [42].

Neurohormonal regulation is another emerg-
ing area in bone physiology with serotonin, 
leptin, and neuropeptide-Y all having effects on 
bone. Brain serotonin has been shown to stimu-
late proliferation of osteoblasts and inhibit bone 
resorption [43]. Interestingly, gut-derived sero-
tonin has the opposite effect, with genetically 
modified mice with low levels of duodenal sero-
tonin having increased bone density. This is sup-
ported by some clinical studies which have 
shown that patients treated with SSRIs have 
decreased bone mass and increased risk of osteo-
porotic hip fracture, while adolescents taking 
SSRIs have significantly decreased bone mineral 
density. This may be explained in part by the 
presence of serotonin transporters in bone, 
although the exact mechanism is yet to be fully 
elucidated [44].

Leptin has been shown to increase prolifera-
tion of osteoblasts, presumably through its action 
on the beta-1-adrenergic system and IGF-1 sys-
tem [45, 46]. Conversely, it suppresses bone for-
mation via its activity on beta-2-adrenergic 
receptors and inhibits brain serotonin release, 
implicating a complex role for this hormone.

Neuropeptide Y (NPY) has been shown to be 
produced by osteoblasts and osteocytes [47] in a 
negative regulatory fashion as NPY overexpres-
sion slows formation of endo- and periosteal 
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bone, increases trabecular bone loss [48], and has 
been shown to be a modulator of leptin with 
respect to bone formation. Numerous other hor-
mones, not typically associated with bone such as 
cannabinoids and norepinephrine, have also been 
shown to alter its physiology; however that is 
beyond the scope of this chapter and is merely 
mentioned to highlight the complexity of bone 
regulation.

 Age-Related Changes in Bone

While peak bone age is achieved within relatively 
similar time frames, around 30 for both men and 
women, the point of maximal substantial bone 
loss differs significantly between the sexes. 
Cortical bone loss in women occurs in the years 
following menopause, while in men it occurs 
around 70–75 years of age. Trabecular bone loss 
by contrast occurs in both sexes at similar times 
with men experiencing 42% loss and women 
37% loss by age 50 [64].

It was over 70 years ago that estrogen was first 
implicated in postmenopausal bone loss [49], and 
while initially unknown, it is now accepted that 
this mechanism acts through the RANKL/OPG 
system. Postmenopausal women have a threefold 
greater percentage of RANKL expressing cells as 
their premenopausal counterparts, and it seems 
that the reverse is true with the presence of estro-
gen suppressing bone resorption in both men and 
women [65]. Osteoporotic cortical and trabecular 
bone is thinner, although the mineral content per 
given area of tissue is actually increased, as is 
collagen linearity and carbonate content.

On a macroscopic scale, bone undergoes 
changes in shape throughout age in response to 
load, as described by Wolff’s law. Additionally, it 
increases in cross-sectional area due to expansion 
of its outer diameter and thins at its cortical walls 
[50] – this pattern has been seen in both nonhu-
man and human models [51, 52]. With regard to 
trabecular bone, age-related loss is predomi-
nantly due to thinning of individual trabeculae in 
men, while in women, it is due to a loss of con-
nectivity and a decreased complexity of networks 
[53]. Over time, resorption outweighs formation, 

and bone gradually thins  – these macroscopic 
changes underlie the microscopic changes to 
individual populations of bone cells.

The major bone cell types have finite lifespans 
which are controlled by several external factors 
in addition to the replication cycles. It has been 
shown that osteoblast populations diminish due 
to decreases in their respective precursors [54]. A 
similar process happens in osteoclasts, with the 
number of hematopoietic precursor cells declin-
ing with age [55], while osteocytes are hypothe-
sized to undergo apoptosis due to lack of 
mechanical stimulus or loss of canalicular net-
works [56]. At the next level of organization, pro-
teins themselves undergo age-related changes.

There is evidence that bone’s structural pro-
teins undergo age-related changes as well, both 
in their modification and production, and perhaps 
the most important of these proteins is collagen. 
Appropriate function of collagen is essential for 
bone to maintain its strength, and if this is not 
maintained, bone can lose its integrity. A critical 
factor of collagen is its orientation and alignment 
with hydroxyapatite crystals. Collagen orienta-
tion becomes more linear with age (recall that it 
maintains its strength through its normally 
orthogonal orientation within lamellae), and this 
may have an effect on mineral crystallization as 
well as overall strength [56]. Enzymatic cross- 
linking of collagen is an important component of 
its posttranslational modification and adds to its 
strength; however nonenzymatic cross-linking 
has the opposite effect. There is evidence that 
nonenzymatic cross-linking of collagen increases 
with age and this leads to an overall decrease in 
bone’s strength and toughness, which increases 
the risk of fracture [57, 58]. This type of cross- 
linking also affects the way collagen is mineral-
ized which further alters its structural properties.

The mineral content of bone increases with 
age, and while this increases its breaking stress, it 
ultimately results in making it more brittle and 
decreasing toughness [59, 60]. Not only does the 
overall amount of inorganic substance change, but 
the composition changes as well. Hydroxyapatite 
crystals are their purest at around 25–30 years of 
age, over time, and they gain substitutions of car-
bonate for hydroxyl and phosphate within the 
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apatite surface [61]. This, along with a concomi-
tant decrease in acid phosphate content [62, 63], 
is thought to be a factor contributing to the 
decreased toughness of aging bone. A better 
understanding of these processes may help to give 
more insight into the factors that lead to age-
related bone loss.
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Pathophysiology 
and Epidemiology of Osteoporosis

Nicole M. Stevens and Sanjit R. Konda

 Introduction

Osteoporosis is the most common disease of 
bone, and the surgeon general has defined it to be 
a major health problem affecting Americans [1]. 
As defined by the World Health Organization, 
osteoporosis is a bone mineral density (BMD) 
less than 2.5 standard deviations below the mean 
BMD in young healthy individuals measured in 
the vertebra or hip, or the occurrence of a docu-
mented fragility fracture.

The pathophysiology of osteoporosis is multi-
factorial, and not fully understood, but includes 
genetic predisposition, hormonal changes, abnor-
mal inflammatory response, and variations in 
bony mechanics. This chapter will discuss the 
pathophysiology of osteoporosis as is known 
today and discuss the epidemiology and wide-
spread implications of this common disease.

 Definition of Osteoporosis

Osteoporosis is a complex disorder involving 
abnormalities in genetics, hormone regulation, 
inflammatory pathways, and mechanical loading 
of bone; ultimately this leads to a decrease in 
bone mineral density (BMD) and bone quantity 
[2]. BMD can be measured using a dual energy 
x-ray absorptiometry (DXA) scan. DXA scans 
take two dimensional images of bone in various 
parts of the body; the hip and vertebra are typi-
cally measured; however measurements of the 
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Key Points
 1. Osteoporosis is an abnormality in the 

quantity, not the quality of bone.
 2. The architecture of osteoporotic bone, 

including decreased trabecular number 
and caliber, and changes in cortical 
bone structure, predisposes elderly 
patients to fracture.

 3. RANKL/RANK pathway, Wnt signal-
ing pathway, and inflammatory cyto-
kines all play a role in bone turnover 
and homeostasis.

 4. Estrogen deficiency has multiple 
adverse effects on bone homeostasis, 
including increased osteoclastogenesis, 
increased rate of bone turnover, and 
decreased activation of osteoblasts.

 5. There are multiple secondary causes of 
osteoporosis including systemic diseases 
and commonly prescribed medications.
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distal radius and calcaneus have also been 
described. Normal is defined as the mean BMD 
in the vertebrae and hips of healthy young indi-
viduals at the time of peak bone mass. Osteopenia 
is defined as anything below 1 standard deviation 
of the mean, and osteoporosis is defined as any-
thing below 2.5 standard deviations from the 
mean. DXA can also be used to compare an indi-
vidual’s bone mineral density against age- 
matched cohorts. While the DXA scan is a good 
marker for definition purposes, it is limited by its 
two dimensionality, and therefore does not fully 
describe the osteoporotic nature of the bone [3].

 Bone Structure

The primary characteristic of osteoporotic bone 
is a decrease in bone quantity. This is distinctly 
different from osteomalacia, which is a decrease 
in bone quality. The actual mineralization of 
bone and its chemical composition is normal in 
osteoporosis. It is therefore important to describe 
normal bony architecture and to differentiate it 
from abnormal bony architecture. Normal bony 
architecture consists of two regions  – cortical 
bone and cancellous bone. The two areas serve 
different functions. Cortical bone is a dense, 
highly organized, laminar network of osteons 
which provides structural integrity and strength. 
This structural bone is typically found on the out-
side, providing mechanical strength and leverage 
for many muscular attachments. The overlapping 
design of the osteons found in cortical bone, also 
helps to prevent fracture, since the “cement,” or 
unmineralized cellular structure between each 
mineralized osteon, provides a cushion to absorb 
energy and prevent crack propogation [4]. 
Cortical bone is strong, but more brittle, given its 
highly organized nature, and has a bigger propen-
sity to fail catastrophically – as seen in a typical 
long bone fracture.

Cancellous bone, in contrast, consists of a 
porous trabecular network of highly crosslinked 
bony bridges, which functions more as a sponge to 
provide flexibility. The cancellous portion acts 
more like a spring to absorb energy by deforma-
tion rather than breaking or cracking. Because 

each bridge of bone is a small structure, fracture of 
a single bridge typically does not require a huge 
amount of energy, nor does it result in catastrophic 
failure. Instead, when enough trabecular bridges 
are broken, fracture typically results in a collapse 
of the structure, as found in osteoporotic vertebral 
fractures. Cancellous bone is typically found 
within the medullary cavity of cortical bone. Its 
trabecular network also houses bone marrow, 
where mesenchymal stem cells are stored.

Each bone in the body has differing quantities 
of cortical versus cancellous bone to maximize 
the mechanical advantage. For example, long 
bones of the leg require thick cortices to act as 
levers and bear the weight of the body during 
ambulation. In contrast, vertebral bodies have a 
high quantity of cancellous bone, to account for 
the flexibility needed in the spine.

Bone is a dynamic structure and is constantly 
remodeling based on the forces it experiences. 
Remodeling occurs by a process of resorption and 
deposition. During skeletal growth, the rate of 
deposition surpasses that of resorption, resulting in 
net added bone mass. In early adulthood, typically 
between ages 18 and 25, homeostasis is achieved, 
such that resorption matches deposition. At this 
timepoint, the body has the greatest density of 
bone throughout its lifetime, which is defined as 
peak mineral density (PMD). Peak mineral density 
differs in individuals; genetics, diet, activity level, 
and various other factors have all been found to 
play a role. For example, Caucasians typically 
have lower peak mineral density than African 
Americans, and heavier individuals have higher 
PMD than lighter individuals. PMD is critically 
important because an individual’s PMD is one of 
the factors defining an individual’s risk for devel-
oping osteoporosis in the future. As much as 
60–80% of PMD is defined by a person’s genetics 
according to some studies [5].

As people age, and particularly after meno-
pause in women, resorption starts to outpace 
deposition, and bone density declines. Rates are 
variable, but if resorption outpaces deposition 
enough, osteopenia and eventually osteoporosis 
results. This resorption is particularly trouble-
some if an individual starts with a lower PMD to 
begin with.
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 Biomechanics of Osteoporotic Bone

The changes in osteoporotic bony architecture 
are most profound in the cancellous region. As 
discussed earlier, the bony bridges are smaller to 
begin with – so lost mass is more profound. In 
addition, cancellous bony architecture and its fine 
network of trabeculae create a large surface area 
for bony turnover by osteoclasts and osteoblasts – 
the mechanism of which will be discussed later in 
the chapter. As resorption occurs, the dense 
 trabecular network becomes more sparse, and the 
porosity of the bone increases. Normal cancel-
lous bone has an interconnecting web of plate- 
like trabeculae, whereas osteoporotic bone has 
thinner, more rod-like trabeculae [6]. The trabec-
ular network is critical to cancellous bone’s 
strength. Studies have shown that the compres-
sive strength of trabecular bone decreases by 
approximately 70% from age 25 to 75 [7]. This 
resorption and decreased surface area massively 
weakens the bone and increases the number of 
microfractures in the remaining trabeculae which 
are experiencing a greater proportion of force as 
the number of bridges declines. If enough micro-
fractures occur, the bone will fracture on a mac-
roscale, also known as a fragility or osteoporotic 
fracture.

Cortical bone is not immune to change either. 
Studies have shown that the elastic modulus of 
cortical bone, a measure of bone stiffness, 
decreases approximately 1–2% per decade 
beyond the age of 35 years [8, 9]. Strength was 
found to decrease 2–5% per decade; and tough-
ness, which is a measure of energy required to 
fracture, decreases by 10% per decade [9]. There 
are a variety of factors playing into these changes 
in material properties. First, older cortical bone is 
more porous due to the mismatch in bone turn-
over and fewer collagen crosslinks [8]. 
Furthermore, as the porosity of cortical bone 
increases, the available surface area for bone 
turnover increases, thereby exacerbating the 
problem [3]. This increase in porosity also cre-
ates low energy pathways for fracture propaga-
tion. Finally, as the mismatch in resorption and 
deposition increases, the newly laid collagen 
does not have time to create structural crosslinks. 

These crosslinks are critical to bony strength as 
they connect the overlapping osteons. Long 
sheets of individual osteons do not have the 
strength or toughness of highly crosslinked 
osteon units, thereby increasing the risk of 
fracture.

The overall geometry of bone changes over 
time to compensate for changes in the micro- 
architecture. Numerous studies have shown that 
the cross-sectional area of vertebral bodies and 
long bones is positively correlated with age, par-
ticularly in men [10–12]. One study found a 15% 
increase in lumbar vertebra cross-sectional area in 
men from age 20 to 90 years [10]. This is likely a 
protective mechanism to increase bone strength 
and decrease risk of fracture. As the radius of the 
entire bone increases, the force applied to the 
skeleton is divided across a wider cross-sectional 
surface area, thereby distributing the stress. It is 
important to note that this phenomenon of increas-
ing cross sectional area is found more consistently 
in males than in females, which correlates with 
females’ increased risk of fracture [8].

In summary, bone’s ability to resist fracture 
depends on both geometry and material proper-
ties. In this section, we discussed the geometric 
properties of osteoporotic bone; the next section 
will focus on its material properties and cellular 
makeup. By a combination of these factors, the 
compressive failure force of a vertebral body 
decreases by almost 80% from age 30 to 90 [13].

 Pathogenesis

On a cellular level, there are several interconnect-
ing pathways that lead to the increased absorp-
tion of bone in osteoporosis. Several pathways 
have been extensively studied and will be focused 
on here, but there are likely many pathways that 
are yet to be elucidated.

Bone resorption and deposition is primarily 
regulated by the receptor activator of nuclear fac-
tor kappa-B ligand (RANKL), a member of the 
tumor necrosis factor (TNF) receptor family. On 
a basic level, RANKL is produced by osteoblasts 
and their mature counterparts, osteocytes, in 
response to a number of signals and biologic 
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states discussed later in this section. The RANKL 
binds to RANK on an osteoclast precursor cell – 
thereby activating it. Once activated, the osteo-
clast precursor forms a multinucleated cell which 
becomes an osteoclast. The osteoclast attaches to 
the surface of the bone, creating a tight seal, and 
secretes hydrochloric acid to dissolve the mineral 
bone and cathepsin K to dissolve the bony matrix. 
This creates a cavity in the bony surface. In nor-
mal bone turnover, this process is immediately 
followed by osteoblast activity, which lays down 
a new bone collagen matrix and is then mineral-
ized, creating a new bone unit.

Another key receptor-ligand pair in osteoclast 
differentiation is macrophage  – colony- 
stimulating factor (M-CSF) and CSF-1 receptor 
(c-Fms). C-Fms is expressed on osteoclast pre-
cursor cells. M-CSF is produced by pre- 
osteoblasts and stromal cells. When bound, they 
promote osteoclastogenesis. Of note, both the 
M-CSF/C-FMS and RANK/RANKL couplings 
are required for osteoclast differentiation, but 
RANK/RANKL is typically the rate-limiting 
step. There are still modulators that upregulate 
M-CSF production to create a pro-resorptive 
environment. These modulators include inflam-
matory cytokines like TNF-alpha and IL-1, pro-
duced by T cells [14].

The RANK/RANKL system is also policed by 
osteoprotegrin (OPG). OPG is a member of the 
TNF receptor superfamily but has unique charac-
teristics, namely, that it is secreted as a soluble 
protein and lacks transmembrane and cytoplas-
mic domains. OPG blocks the RANK/RANKL 
coupling, thereby arresting osteoclast differentia-
tion. It does this by acting as a decoy receptor, 
binding RANKL  – to effectively sequester it 
from the system. OPG is produced by osteoblasts 
and stromal cells. It effectively shuts down osteo-
clast activity and is a strong protector of bone 
generation.

In abnormal, osteoporotic bone, as has been 
stated previously, the rate of resorption outpaces 
the rate of deposition. Therefore, the cavities in 
the bone created by the osteoclasts persist, creat-
ing increased porosity within the macro bone 
structure. It should also be noted that bone turn-
over can only occur in locations that already have 

bone, since the process works on the surface. So, 
in a fine trabecular network, where resorption is 
outpacing deposition, the trabeculae will become 
thinner and thinner, until they are completely 
resorbed. Ultimately, there is no surface for bony 
deposition to occur – leading to fewer and smaller 
trabeculae and increasing empty space.

Cellular signaling also changes based on 
mechanical load; the canonical Wnt signaling 
pathway is the most studied mechanical-cellular 
converter. The Wnt signal pathway is mediated 
primarily by osteocytes, which are the best suited 
cells to react to mechanical load, as they are 
encased within the bone. When Wnt is present, it 
prevents the breakdown of beta-catenin by bind-
ing to Frizzled and/or LRP5 or 6. Beta-catenin 
then translocates to the nucleus where it associ-
ates with transcription factors and regulates tar-
get genes like runx2 and WISP1. This ultimately 
leads to osteoblast differentiation and increased 
bone deposition. Wnt also inhibits osteoclasto-
genesis by inducing OPG, and likely other fac-
tors, to shut down osteoclast production. 
Therefore, upregulation of Wnt by increased 
mechanical loading leads to net positive bone 
formation. Wnt is antagonized by several pro-
teins. Sclerostin is expressed by osteocytes and 
functions to limit Wnt signaling by binding to 
LRP5/6. It therefore inhibits bone formation and 
is primarily expressed when mechanical load is 
low or in hyperparathyroidism. Another inhibitor 
is Dickkopf-related protein 1 (DKK-1). DKK-1 
binds with LRP-5/6 as well as a Kremen protein 
which inhibits the Wnt pathway [15]. In mice, 
neutralizing antibody blockade of either scleros-
tin or DKK-1 leads to increased BMD, trabecular 
volume, and osteoblast number [16–18] – there-
fore blocking these Wnt antagonists pharmaco-
logically may prevent osteoporosis in humans.

 Calcium and Vitamin D

Bone acts as a repository for calcium in the body 
and plays a critical role in calcium homeostasis. 
In low-calcium environments, such as inadequate 
dietary intake, impaired intestinal absorption, or 
vitamin D deficiency, bone is resorbed to release 
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calcium from its stores and maintain appropriate 
serum levels. This process is primarily mediated 
by parathyroid hormone (PTH). When blood lev-
els of calcium fall below a certain level, the para-
thyroid gland senses the drop and releases 
PTH.  PTH then acts directly on bone units by 
activating stromal cells to produce RANKL and 
decrease OPG to ultimately increase osteoclasto-
genesis. This leads to bone resorption and serum 
calcium release. PTH also stimulates the kidneys 
to increase uptake of calcium and release acti-
vated vitamin D (1,25 dihydroxy vitamin D). The 
activated vitamin D travels to the intestines where 
it increases dietary absorption of calcium. The 
net result is increased serum calcium. Activated 
vitamin D also has an inhibitory effect on the 
parathyroid, decreasing parathyroid hormone 
production to prevent hypercalcemia [31].

When serum calcium levels are persistently 
low, hyperparathyroidism can result. At the bony 
level, this results in increased activation of the 
stromal cells and production of RANKL and 
inhibition of OPG, subsequently causing 
increased bone resorption. When there is 
decreased calcium intake, or impaired intestinal 
absorption, the bone is the only readily available 
source of calcium, and so pathologic resorption 
may take place, leading to osteoporosis.

Vitamin D3 is synthesized in the skin and con-
verted to pre-vitamin D by UV light. Vitamin D3 
can also be obtained from diet. Vitamin D is then 
oxidized first by the liver and transported to the 
kidney where it is oxidized once more thereby 
activating it. Activated vitamin D binds to vita-
min D receptor (VDR) in several locations to 
affect calcium and phosphate homeostasis [32]. 
VDR is present in the intestine, as described 
above, and increases calcium absorption. It is 
also present in the bone, muscle, pancreas, and 
pituitary [31, 33–36]. Mutations in the VDR 
receptor can lead to severe osteomalacia and dis-
eases like rickets, thereby highlighting its impor-
tance in bone homeostasis [32].

Low levels of vitamin D may also lead to a 
secondary hyperparathyroidism and eventually 
osteoporosis. Vitamin D deficiency impairs cal-
cium absorption in the intestines. As above, if 
calcium is unable to be absorbed by the intestine, 

the body seeks out calcium in its only other 
repository, bone. Since vitamin D also plays an 
inhibitory role on PTH production, vitamin D 
deficiency leads to persistent activation of PTH. 
Persistent activation of PTH will result in upregu-
lation of osteoclastogenesis and increased bony 
resorption [31, 33].

 Estrogen Deficiency

Estrogen deficiency, the hallmark of menopause, 
increases the lifespan of osteoclasts and decreases 
the lifespan of osteoblasts [19]. This increases 
the rate of resorption, while decreasing the rate of 
formation. Not only is the net negative imbalance 
detrimental to bony architecture, but the rate of 
remodeling can increase the risk of fracture. 
Rapid remodeling removes bone before new 
bone can be laid down, leaving cavities that may 
be nidus points for fractures [20]. Furthermore, 
newly formed bone is less dense than the bone 
that was resorbed – this ultimately decreases the 
material stiffness, leading to greater flexibility 
and bending. Abnormal bending may lead to 
unusual load distribution, ultimately leading to 
fracture [21, 22]. Finally, new bone needs time to 
mature, primarily by creating crosslinks between 
collagen fibers. When the rate of remodeling is 
increased, the cross-linking process has less time 
to occur, weakening the overall structure [23]. 
Studies have shown that remodeling rates can as 
much as double 12  months after the last men-
strual period and may remain persistently ele-
vated over time, with rates being almost tripled 
13 years after menopause has occurred [24].

The importance of the rate of remodeling can 
be shown by the effect of antiresorptive medica-
tions on reducing fracture risk in osteoporosis. 
Antiresorptive treatments, like bisphosphonates, 
have been shown to reduce fracture risk by almost 
45%, but they only cause a bone mineral density 
(BMD) gain of approximately 20% [25]. 
Selective estrogen receptor modulators, like ral-
oxifene, which have an estrogenic effect on bone 
and antiestrogenic effects on the uterus and 
breast, have also been shown to decrease 
fracture risk irrespective of changes in BMD. 
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The Multiple Outcomes of Raloxifene Evaluation 
(MORE) trial found that vertebral fracture risk 
was decreased by 40%, irrespective of change in 
bone mass, and also found that 96% of the frac-
ture risk reduction was not related to a change in 
BMD [26].

Estrogen deficiency is also associated with 
decreased absorption of calcium in the intestine 
and increased excretion of calcium through the 
renal system. This may be due to increased serum 
calcium concentration from resorbed bone and a 
resulting decrease in parathyroid levels. The 
effects of calcium homeostasis are an important 
mediator of bone mineral density. As described 
above, decreased serum calcium, or the inability 
to absorb calcium, leads to an upregulation of 
osteoclasts and increased bone resorption.

Finally, estrogen has also been found to play a 
role in the inflammatory response modulating 
osteoporosis. Estrogen deficiency leads to T cell 
activation. These activated T cells produce cyto-
kines, including TNFs and IL-1, which stimulate 
osteoclast activity, inhibiting apoptosis and 
osteoblasts [27–30]. This leads to an overall cata-
bolic effect and increased bone resorption.

The rate of bone loss can be impressive – in 
the 5–7  years surrounding menopause, women 
can lose up to 12% of their bone mass [24, 27]. 
This is equivalent to one standard of deviation as 
measured by a DXA scan. This change begins 
even before menopause takes place, starting 
1–2 years before menopause, when ovaries start 
producing less estrogen.

 Epidemiology

According to the National Health and Nutrition 
Examination Survey III, conducted from 2005 
to 2010, over 10.2 million adults had osteoporo-
sis, and more than 43.4 million adults had low 
bone mass in the USA. As the baby boomer gen-
eration ages, this number will only become 
larger [37, 38]increasing both the rate of osteo-
porosis diagnoses and the risk of fracture . In the 
USA, the lifetime risk of fracture in Caucasian 
women over 50  years of age is 50%, while a 
Caucasian man has a 16–25% risk of low-energy 
fracture [27, 39, 40].

There are both heritable and nonheritable fac-
tors that play a role in the development of osteo-
porosis. Heritable factors primarily include 
genes, which may influence bone mass, size, 
macro- and micro-architecture, and intrinsic 
material properties, like the strength of the bone 
tissue. Many genes have been identified as pos-
sibly relating to the development of osteoporosis 
including transforming growth factor B1 (TGF- 
B1), bone morphogenetic proteins (BMPs), 
sclerostin (SOST), cathepsin K, type 1 collagen, 
chloride channel 7 (CLCN7), vitamin D receptor 
(VDR), estrogen receptors, and transcription fac-
tors including Runx2 [27].

Risk factors for primary osteoporosis and low 
bone mineral density include older age, female 
gender, smoking, prior wrist fracture, and spinal 
deformity [41]. The Women’s Health Initiative 
found 11 clinical risk factors which were indepen-
dent risk factors for 5-year hip fracture risk, hav-
ing a hazards ratio greater than 1. These risks 
included age per year, self-reported health, height 
per inch, weight per pound, fracture after age 55, 
Caucasian vs African American race, low physical 
activity level, current smoking status, family his-
tory of osteoporotic fracture, steroid use, and dia-
betes [42]. It should be noted that these risk factors 
not only encompass the general health status and 
risk of osteoporosis but also reflect the likelihood 
of sustaining a low energy fall. There are several 
biochemical markers that also predict hip fracture 
independent of clinical risk factors, including low 
vitamin D, low bioavailable testosterone, and high 
pre-inflammatory cytokines [42].

There is also a plethora of secondary causes of 
osteoporosis  – these include both medications 
and patient traits. These are important to screen 
for in at risk individuals, because their treatment 
may prevent or reverse osteoporosis.

 Diseases Leading to Osteoporosis

 Male Hypogonadism

Hypogonadism is a leading cause of osteoporosis in 
males, although the effects of testosterone on the 
bone mineral density have not been fully elucidated. 
Approximately 20% of men over the age of 60 have 
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low testosterone levels, leading to an increased risk 
of osteoporosis and fragility fractures [43, 44]. 
There are a variety of causes of hypogonadism in 
men, including congenital defects, aging, pituitary 
disease, and medications leading to secondary 
hypogonadism [45]. Amory et al. demonstrated an 
increase in BMD in men treated with 36 months of 
testosterone – although this has not been shown to 
reduce fragility fractures [46].

 Female Hypogonadism

As described above, estrogen plays a critical role 
in bone homeostasis, and the decreased levels of 
serum estrogen in menopause can have critical 
effects on bone turnover leading to osteoporosis. 
But even at a younger age, low estrogen states 
can significantly increase the risk of low bone 
mineral density. Amenorrheic women have been 
found to have BMD up to 8% less than control 
subjects regardless of their exercise state [47]. 
Furthermore, although the outcome is likely mul-
tifactorial, patients with anorexia nervosa associ-
ated with amenorrhea have a 90% chance of 
having low bone mineral density – in fact, 40% 
were osteoporotic [48].

 Chronic Inflammatory Disease

There is a known correlation between many 
chronic inflammatory diseases such as rheuma-
toid arthritis (RA), inflammatory bowel disease, 
celiac disease, chronic obstructive pulmonary dis-
ease, and osteoporosis [49]. One study of patients 
which ulcerative colitis and Crohn’s disease found 
that greater than 50% of patients had osteopenia 
orosteoporosis [50]. All of these diseases have an 
upregulation of inflammatory cytokines, many of 
which have been shown to have osteoclastogenic 
properties. In RA, infiltrating T cells and synovial 
cells have been shown to produce RANKL [51]. 
Chronic inflammatory diseases activate T cells, 
which produce pro-inflammatory cytokines such 
as IL-1, IL-6, and TNF-alpha, all of which act 
directly on stromal cells to increase RANKL and 
decrease OPG. They also affect the Wnt signaling 
pathway, by upregulating the Wnt inhibitors 

including sclerostin and DKK1 [49]. Nutritional 
status may also play a role in increased osteoporo-
sis in this cohort, since many chronically ill 
patients are malnourished  – which could nega-
tively impact calcium homeostasis among other 
things.

 Hematologic Disease

A variety of hematologic diseases, including 
multiple myeloma, leukemia, thalassemia, and 
lymphoma, have all been associated with low 
bone mineral density. The most studied of these 
disorders is multiple myeloma. The bone mineral 
density loss in multiple myeloma is primarily 
derived from pro-inflammatory cytokine secre-
tion by the plasma cells characteristic of the dis-
ease [45]. Like many of the systemic diseases 
mentioned earlier, the pro-inflammatory cyto-
kines upregulate RANK/RANKL signaling 
thereby increasing osteoclast activity.

 Hyperthyroidism

Thyrotoxicosis is a known cause of osteoporosis 
and decreased bone mineral density. Interestingly, 
unlike many other causes of osteoporosis, it seems 
to primarily effect the cortices of bone rather than 
the trabecular bone. There are two mechanisms by 
which hyperthyroidism causes osteoporosis. First, 
T3, a thyroid hormone, interacts with bone nuclear 
receptor to accelerate bone remodeling. The rapid 
rate of remodeling, much like that caused in estro-
gen deficiency, leads to decreased bone mineral 
density, and weaker bone overall. The second 
mechanism is by decreasing levels of TSH. TSH 
reduces bony turnover; in hyperthyroidism TSH is 
low, leading to decreased inhibition, thereby 
exacerbating bone loss [52].

 Diabetes Mellitus

Both type 1 and type 2 diabetes mellitus are asso-
ciated with osteoporosis. Type 1 diabetes is asso-
ciated with the typical pattern of osteoporosis, but 
like hyperthyroidism, type 2 diabetes is frequently 
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associated with more cortical, rather than cancel-
lous, porosity [53]. Unlike other secondary causes 
of osteoporosis, diabetes is associated with low 
bony turnover and decreased osteoblastic activity. 
Insulin may have an anabolic effect on bone, so 
type 1 diabetics may suffer from osteoporosis due 
to lack of insulin. Diabetic mice have also been 
shown to have upregulation in Wnt inhibitors 
including sclerostin and DKK1 [52].

 Human Immunodeficiency Virus (HIV)

Up to 70% of patients with HIV have low bone 
mineral density, and the risk of osteoporosis 
seems to increase with anti-retroviral therapy 
[54]. The incidence of osteoporosis in HIV is 
likely multifactorial, and probably includes a sys-
temic response to chronic disease, malnutrition, 
and the virus itself. HIV virus may upregulate the 
Wnt pathway, increasing bone turnover [52]. 
HAART has been shown to cause a 2–6% drop in 
BMD 2 years after its initiation, possibly due to 
upregulation of osteoclast activity [55]. Since 
people with HIV are living longer, recognizing 
and treating their osteoporosis is critical.

 Glucocorticoid Excess

Exogenous or endogenous overproduction of ste-
roids is one of the most common causes of sec-
ondary osteoporosis. Up to 50% of patients on 
chronic steroids will experience an osteoporotic 
fracture [56], and a similar risk is found in 
patients with Cushing’s disease. Glucocorticoids 
affect several bone homeostasis pathways. First, 
glucocorticoids downregulate osteoblast differ-
entiation by inhibiting the Wnt pathway through 
increasing the production of sclerostin and 
DKK1. Glucocorticoids also increase the rate of 
apoptosis of both osteoblasts and osteocytes. 
This weakens bone and decreases the rate of new 
bone production. While glucocorticoids decrease 
the lifespan of osteocytes and osteoblasts, they 
increase both the lifespan and the activity of 
osteoclasts. This is done by upregulating RANKL 
and suppressing OPG.  Glucocorticoids quickly 
alter the  homeostasis of bone metabolism. Within 

the first year of steroid use, bone mineral density 
can decrease by as much as 12% [52]. This is fol-
lowed by a steady annual decline as steroid use 
continues.

 Medications Causing Osteoporosis

 Exogenous Steroids

One of the most commonly cited medications 
leading to osteoporosis is chronic exogenous ste-
roid use. For a complete description of the effects 
of elevated glucocorticoids on bone mineral den-
sity and fracture risk, see the previous section.

 Aromatase Inhibitors

Aromatase inhibitors are an effective means of 
decreasing the recurrence of breast cancer in 
women. Their mechanism of action is to reduce 
peripheral estrogen circulation by blocking the 
conversion of androgens to estrogens. This effec-
tively lowers endogenous estrogen production by 
almost 90%. As described previously, decreased 
serum estrogen leads to adverse effects on bone 
mineral density. After 5 years of aromatase inhib-
itor therapy, studies have shown that bone min-
eral density in the spine and hip decrease by 
6.05% and 7.25%, respectively [57]. Luckily, the 
decline in bone mineral density does seem to halt 
after stopping the medication [58].

 Acid Suppressive Medications

Acid suppressive medications like proton pump 
inhibitors (PPIs) and H2 receptor antagonists are 
one of the most commonly prescribed medications 
worldwide. Several recent studies have shown an 
association between fracture risk and use of these 
medications, particularly in males with osteoporo-
sis [59–62]. The data is more consistent that PPIs 
may lead to increased risk of fracture; H2 antago-
nist data is more inconsistent. The leading hypoth-
esis for this correlation is that the acid suppressant 
impacts calcium  homeostasis, although this has 
not yet born out in the literature.
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 Antiepileptic Drugs

Several cohort studies have shown a link between 
antiepileptic drugs and low bone mineral density 
and fracture risk [52, 63]. The pathophysiology is 
thought to be due to decreased circulation of pre- 
vitamin D caused by activation of the cytochrome 
P450 enzyme system in the liver and increased 
breakdown. Less pre-vitamin D leads to less acti-
vated vitamin D and ultimately, a secondary 
hyperparathyroidism leading to the activation of 
osteoclasts. In a randomized trial, Mikati et  al. 
showed that high dose vitamin D supplementa-
tion in patients on antiepileptic drugs could help 
stabilize the bone mineral density as compared to 
a low-dose vitamin D regimen [64]. Newer anti-
epileptics, including gabapentin, topiramate, and 
levetiracetam, do not seem to decrease bone min-
eral density to the extent that older generation 
medications did [65].

 Selective Serotonin Uptake Inhibitors 
(SSRIs)

SSRIs are widely prescribed for patients suffer-
ing from depression. While there has been a cor-
relation found between patients with depression 
and low bone mineral density, several studies 
have found an increased risk of low bone mineral 
density and fracture in the subset of depressed 
patients taking SSRIs [52, 66]. There are other 
studies, however, which have not shown a corre-
lation between low BMD and SSRI use. If SSRIs 
do have an impact on bone mineral density, the 
exact mechanism is unknown. One study pro-
posed that serotonin has a direct effect on osteo-
blasts, reducing proliferation and thereby slowing 
bone deposition [67].

 Lifestyle Factors

 Smoking

Cigarette smoking is a well-known risk factor for 
low bone mass. Twin studies have suggested that 
smoking reduces peak bone mass, and in the peri-
menopausal period, smokers have a 5–10% 

decrease in their bone mineral density as com-
pared to their nonsmoking twin counterparts 
[68]. The most likely cause of low bone mineral 
density in smokers is its effect on serum estrogen. 
Smoking increases hydroxylation of estradiol in 
the liver, leading to decreased active estrogen in 
the serum. Women who smoke typically have 
earlier menopause and lower serum estrogen con-
centrations than their peers [69].

There is likely also a direct effect on bone 
from smoking, but the mechanism has not yet 
been defined. The correlation between low bone 
mineral density in men and smoking has also 
been born out in the literature, although it has not 
yet been correlated with fracture risk.

 Chronic Alcohol Abuse

Chronic alcohol abuse has been linked both to 
low bone mineral density and to osteopenia/
osteoporosis. Ethanol has been found to have a 
direct effect on normal bone remodeling through 
the inhibition of osteoblast proliferation [70]. In 
chronic alcohol abuse, there is typically a 
decrease in the deposition of new bone, but 
resorption is typically normal or also decreased 
[71]. Unlike other secondary factors causing 
osteoporosis, chronic alcohol abuse has a 
decreased rate of bone turn over. Chronic alcohol 
consumption also has indirect effects on bone 
metabolism. Ethanol accelerates the clearance of 
testosterone leading to lower serum androgen 
levels which effects calcium homeostasis [72]. 
There is also likely a nutritional component as 
well, as chronic alcoholics typically have poor 
nutritional intake.

 Recommended Screening 
for Osteoporosis

Given the number of secondary causes of osteo-
porosis, a workup of diagnosed osteoporosis 
should include a complete history, physical, and 
laboratory assessment of the patient to find modi-
fiable causes. Typical blood tests include com-
plete blood count (CBC), complete metabolic 
panel including liver tests (CMP), erythrocyte 
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sedimentation rate (ESR), c-reactive protein 
(CRP), thyroid stimulating hormone (TSH) with 
reactive thyroid hormone tests if abnormal, and 
24 hour urine calcium excretion. In men without 
an identifiable cause of osteoporosis, serum tes-
tosterone and 24 hours cortisol should be consid-
ered [69]. Any abnormality should be followed 
up, and if there is any concern for hematologic 
malignancy, a bone marrow biopsy should be 
considered.

 Recognition of Patients at Risk

It should be noted that the orthopedic surgeon is 
often the first physician to encounter patients 
with osteoporosis when they present with an 
osteoporotic fracture. Studies have shown that 
less than 1/3 of patients presenting with osteopo-
rotic fractures, which total over 1.5 million inju-
ries a year, are effectively evaluated and treated 
for osteoporosis [41, 73, 74]. This lag represents 
an important area of recognition in the orthope-
dic and general medical community to better rec-
ognize and treat this widespread disease.
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 Introduction

United States’ healthcare is experiencing a para-
digm shift in recent years. In response to national 
health expenditures rising at unsustainable rates, 
the reimbursement system is moving from a fee- 
for- service framework that incentivizes ordering 
more tests and performing more procedures to a 
value-based payment structure with goals of opti-
mizing outcomes while controlling costs. In other 
words, US healthcare is evolving from volume- 
based to value-based medicine [1, 2].

From a healthcare perspective, value can gener-
ally be defined as a ratio of health outcomes 
achieved per dollars spent on care [1]. Based on 
this equation, the value of healthcare can be 
increased by either improving clinical outcomes at 
similar costs or reducing total costs while main-
taining the quality of outcomes. Achieving high-
value care at a population level is a monumental 
challenge. To do so, healthcare providers and pol-
icy experts must identify and critically evaluate the 
various medical needs of the modern patient.

One of the most widespread public health 
problems today is osteoporosis. Osteoporosis is 
the most common metabolic bone disorder and, 
through its prevalence as well as morbidity and 
mortality on those afflicted, places an enormous 
medical and economic burden on the healthcare 
system. The manifestation of osteoporosis on the 
skeletal system is well-known, and the spine is 
often one of the most affected areas. From physi-
ological changes in posture to vertebral fragility 
fractures to weakened points of fixation, osteopo-
rosis presents numerous challenges in the spine 
patient. Managing these patients, either opera-
tively or nonoperatively, can result in high health 
expenditures over several months and years. It is 
crucial to understand the financial implications of 
osteoporotic spine disease in order to provide 
high-value spine care.

 Epidemiology and Implications 
of Osteoporotic Spine Disease

The World Health Organization (WHO) defines 
osteoporosis as a bone mineral density (BMD) 
score of at least 2.5 standard deviations below the 
normal mean for a young adult (T-score < −2.5 
SD) and osteopenia, or low bone mass, as a BMD 
score between 1 and 2.5 standard deviations 
below the young-adult normal mean (T-score 
−1.0 to −2.5 SD) [3, 4]. According to the National 
Osteoporosis Foundation (NOF), 12  million 
Americans in 2010 qualified for the diagnosis of 
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osteoporosis, and another 43.4  million adults 
greater than the age of 50 had low bone mass 
[5, 6]. Since decreased bone mass is primarily an 
age-related consequence, the incidence and prev-
alence of osteoporosis and osteopenia is expected 
to rise dramatically with the aging US popula-
tion. By 2025, the number of Americans 50 years 
or older is expected to increase by 60% compared 
to 2000, hitting a high of over 121 million [7]. 
Moreover, the disease becomes even more com-
mon as one gets older. Osteoporosis will affect 
approximately 10% of women aged 60, 20% of 
women aged 70, 40% of women aged 80, and 
67% of women aged 90 [8, 9].

The obvious and direct consequence of an 
aging population, and thus larger pool of people 
with low bone mass, is the rising frequency of 
fragility fractures due to osteoporosis. Worldwide, 
an osteoporotic fracture occurs every 3 seconds; 
one in three women and one in five men over age 
50 will sustain an osteoporotic fracture in their 
lifetime [10–13]. In the United States alone, more 
than two million new osteoporotic fractures occur 
annually, and the most common type is a verte-
bral compression fracture (VCF), with an esti-
mated incidence between 700,000 and 750,000 
annually. Once a person sustains their first VCF, 
they are at increased risk for more fragility frac-
tures, commonly referred to as the fracture cas-
cade. After a VCF, there is a fivefold increased 
risk of a second VCF occurring and a four- to 
fivefold increased risk of a hip fracture [14–16]. 
In fact, one in five women will sustain their sec-
ond VCF within 1 year of the first [17].

Osteoporosis impacts the spine in ways other 
than fragility fractures; however this is much 
harder to quantify in terms of population num-
bers. The quality of the patient’s bone, and thus 
the interface for spinal hardware, is a potential 
cause of complications. Pedicle screws obtain up 
to 40% of their stability in the cancellous bone of 
the vertebral body, the same bone that is dispro-
portionately affected in osteoporosis [18, 19]. 
Not surprisingly then, pedicle screws have a high 
rate of loosening in osteoporotic patients, with 
some reports citing an incidence as high as 12.9% 
[20]. Weaker vertebral endplates can also be 
responsible for the loosening or subsidence of 

interbody or motion sparing devices [21–23]. 
Even if a successful surgery is performed, the 
osteoporotic bone adjacent to a prior fusion is at 
increased risk for a compression fracture, spon-
dylolisthesis, or proximal junctional kyphosis 
(Fig.  3.1). Supplemental fixation in the form 
of  laminar hooks, polymethyl methacrylate 
(PMMA), and both anterior and posterior instru-
mentation can be used to minimize the surgical 
complications from osteoporotic bone; however 
techniques simultaneously add to the complexity 
and overall cost of the surgery.

 Direct and Indirect Medical Costs 
of Osteoporotic Spine Disease

The burden of osteoporotic spine disease can be 
broken down into direct costs and indirect costs. 
While the nomenclature is simple, often identi-
fying and quantifying these direct and indirect 
costs are not. In the case of an osteoporotic ver-
tebral compression fracture, the direct costs are a 
compilation of the patient’s medical care, and 
this can be further broken down into in-hospital 
direct costs and post-hospitalization direct costs 
(this is also often categorized as acute and post-
acute care). In-hospital costs will include the 
emergency room visit, diagnostic imaging, room 
charges if the patient is admitted, and then all 
intervention prior to the discharge, such as medi-
cation, therapy evaluation, and any related pro-
cedures or tests. Post-hospitalization costs can 
span several months or even greater than a year 
and include follow-up physician visits, home 
health providers or nursing home expenses, and 
outpatient medication. While the inpatient por-
tion may be more labor intensive, previous 
research has shown there to be an almost even 
split in cost between acute and post-acute care 
[24]. Indirect costs, meanwhile, are more abstract 
than direct costs and are therefore much harder 
to quantify. These costs reflect lost time at work 
by the patient while they recover from their 
injury and also extend to family members and 
friends that may be assisting in their care. While 
health economists agree that productivity loss 
should be  factored into the economic burden of 
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osteoporosis, there is disagreement as to how 
exactly it should be incorporated into a cost-
effectiveness or cost- utility analysis. Sasser et al. 
calculated that women with osteoporosis have 
$4000  in loss productivity compared to $2300 
for women without osteoporosis [25]. On a 
national scale, the total costs of osteoporosis, 
including direct and indirect costs, may be 
$34 billion or greater [26].

Numerous studies have attempted to calculate 
the direct costs of osteoporotic fractures. Most 
attempts thus far have utilized claims databases 
from commercial insurers, and as expected, there 
is great variability. Current estimates place the 
total direct cost of osteoporosis and related frac-
tures between $17 billion and $20.3 billion dol-
lars. For comparison, the total cost of breast 
cancer is $13 billion while heart disease is 
approximately $19 billion [27–32]. With the 
growing size and rising average age of the US 
population, this number is projected to exceed 
$25 billion per year by 2025. Women will account 
for 71% of all fragility fractures and 75% of asso-
ciated costs, and while costs will go up for every 

demographic, the annual costs for people of Latin 
descent will increase the most – 175% from 2005 
to 2025 based on population trends [7].

Studies that have estimated the direct cost of a 
single osteoporotic fracture accomplish this by 
comparing healthcare expenditures for affected 
individuals against matched controls, and then 
comparing costs for the year after a fracture to 
costs in the year prior to fracture. By this method, 
research from the Mayo Clinic identified a 
median incremental cost for any kind of osteopo-
rotic fracture to be $2390. The highest incremen-
tal increase was for distal femur fractures (median 
$11,756) and hip fractures (median $11,241) 
while the lowest was for rib fractures (median 
$213). The median incremental cost for a verte-
bral fracture was $1955, or 17% of a hip fracture 
[33, 34]. A separate retrospective study of nearly 
50,000 patients in a commercially insured US 
population between 2005 and 2008 reported a 
median post-fracture cost of $19,223 for hip frac-
tures (mean incremental increase $16,663) and 
$10,605 for vertebral fractures (mean incremen-
tal increase $14,049) for the 6-month period 

a b c

Fig. 3.1 AP (a) and lateral (b) radiographs of a 74-year- 
old female who sustained an osteoporotic compression 
fracture above previous hardware after a fall from stand-
ing height. While there were no prior radiographs for 
comparison, it was assumed that the Harrington rod fixa-
tion loosened and displaced as a result of the fracture. A 

CT scan (c) clearly identified a three-column fracture and 
the resultant kyphotic deformity. The patient subsequently 
underwent removal of hardware and T4 to ilium posterior 
spinal fusion with pedicle screw instrumentation and mul-
tilevel posterior column osteotomies
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post-fracture. Hospitalizations made up 64% and 
72% of total direct costs for vertebral and hip 
fractures, respectively [35]. When compared to 
the Mayo Clinic study and adjusted for inflation, 
the hip fracture costs are comparable between the 
two studies; however a noticeable difference 
exists in vertebral fracture costs. Subgroup analy-
sis in the latter study identified that the vertebral 
fracture patients were likely sicker than the hip 
fracture patients and thus accumulated higher 
medical costs. To illustrate this point, Orsini et al. 
performed a retrospective review of a commer-
cial claims database which highlighted the sig-
nificant role that comorbidities play in driving up 
healthcare costs in the setting of an osteoporotic 
fracture. Comorbid conditions in this patient 
population are frequently present and can be 
exacerbated by the traumatic incident (Fig. 3.2). 
In their study, Orsini et al. compared healthcare 
expenditures in osteoporotic patients with an 
osteoporotic fracture, osteoporotic patients with-
out a fracture, and matched patients with neither 
a diagnosis of osteoporosis nor a fracture. Their 

findings showed that osteoporotic patients with a 
concurrent fracture incurred healthcare costs 
more than twice that of osteoporotic patients 
without fracture ($15,942 vs $6,476) and nearly 
three times the costs of the control group ($15,942 
vs $4,658). The fracture group had significantly 
more comorbidities than the other two groups. In 
terms of overall healthcare costs, 75% of expen-
ditures incurred because of the patient’s comor-
bidities and not because of osteoporosis or the 
osteoporotic fracture itself. Even more, only 7% 
of total direct costs were attributable to osteopo-
rosis in the osteoporosis, non-fracture cohort 
[36]. This clearly underscores the point that 
patients with osteoporosis and osteoporotic frac-
tures are medically complex patients, and the 
fracture is simply a surrogate for their medical 
frailty.

When a VCF occurs, treatment options typi-
cally include medical management alone or med-
ical management with cement augmentation, 
either in the form of vertebroplasty or kypho-
plasty. Multiple studies have shown that the 
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injection of PMMA into the fractured vertebral 
body reliably relieves fracture pain and improves 
the patient’s mobility and functional outcomes 
both in the short-term and long-term post-injury. 
Cost-analysis of medical management versus 
cement augmentation demonstrates a significant 
difference in healthcare expenses. As expected, 
cement augmentation can be substantially higher 
than medical treatment alone. One study deter-
mined a vertebroplasty was more than 1.5 times 
greater cost than nonoperative medical care, 
while kyphoplasty was almost four times greater 
[37]. In a review of the Nationwide Inpatient 
Sample database, Zampini et al. found that total 
charges for a kyphoplasty was $37,231 compared 
to $20,112 for nonoperative care; the patients 
who underwent kyphoplasty also had a statisti-
cally significant 0.7  days longer hospital stay 
[38]. The limitation to such a cost-analysis, how-
ever, is that it does not encompass the entire epi-
sode of care. While the initial costs may be more 
expensive, if the kyphoplasty does indeed pro-
vide the intended clinical relief then it will likely 
lead to cost savings down the road and thus be an 
overall more cost-effective treatment choice. 
That same study found that 55% of kyphoplasty 
patients were discharged home with or without 
home care services, while only 33.3% of patients 
that received nonoperative care were discharged 
home. Long-term cost studies that follow the 
patient through the entire episode of care are 
needed to more accurately determine the full- 
term cost of each treatment option.

It is worth noting, though, that any present 
data on healthcare costs related to osteoporosis, 
including the aforementioned studies, has been 
met with skepticism and doubt. The defense for 
this criticism is multifactorial. Firstly, as previ-
ously described, most of the data used to calcu-
late the direct costs for treatment of osteoporotic 
fractures is from commercial insurance claims 
databases. This therefore leaves out patients cov-
ered by Medicare and Medicaid, which by one 
estimate annually pays out close to 75% of all 
relevant medical expenditures for osteoporotic 
fractures [28]. This percentage is likely even 
larger now with the expansion of these programs 
under the Affordable Care Act. Moreover, the 

cost incurred in the commercially insured patient 
populations is not necessarily translatable to the 
Medicare and Medicaid populations. Medicare 
and Medicaid patients are on average more medi-
cally complex and have longer inpatient hospital 
stays, and thus their total in hospital direct costs 
tend to be higher [39]. A second critique of cur-
rent cost estimates is exemplified by the wide 
range in numbers put forth by different studies. 
Very simply, yet for complex reasons, hospital 
charges and reimbursements for the same medi-
cal treatment vary greatly by the geographical 
location and practice setting in which patients are 
seen. Lastly, and perhaps most importantly, some 
believe that current cost estimates are inaccurate 
because the current costing methods are inher-
ently inaccurate. As suggested by Professors 
Porter and Kaplan from the Harvard Business 
School, measuring what doctors’ charge or how 
much insurance plans pay is extraordinarily mis-
leading; in other words, charges and reimburse-
ments do not equal costs. Until the system by 
which costs are measured is fundamentally 
changed, the true cost of caring for osteoporotic 
fractures will not be understood.

 Determining Outcomes 
in the Treatment of Osteoporosis.

Determining the value of care for osteoporotic 
fractures requires a thorough evaluation of 
patients’ outcomes, both in the short- and long- 
term. Focusing only on cost reduction while 
ignoring the utility of an intervention is a risk for 
false savings – short-term savings that is negated 
by long-term expenses because of inadequate 
care. While outcomes are the best tool to measure 
a provider’s quality of care, there is no consensus 
on what outcomes we should be measuring and 
how we should measure them. In many cases, 
outcomes are chosen because they reflect the 
immediate results of a treatment intervention or 
simply because it’s the easiest outcome for an 
institution to track. As proposed by Professor 
Porter, outcomes should incorporate three 
 essential characteristics: the inclusion of health 
circumstances most relevant to the patient, 
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addressing both near- and long-term health, and 
consideration of risk factors or initial conditions 
to allow for risk-adjustment [1].

The variety of outcome measurements 
reported for osteoporotic spine disease epito-
mizes the lack of consensus on how we should be 
evaluating the end result of care (either via treat-
ment or natural history). Some studies focus on 
radiographic surrogates, such as if the fracture is 
healed or how well overall spinal alignment is 
maintained, to assess the utility of bracing. Others 
use guidelines from the Centers for Medicaid and 
Medicare Services (CMS), including survival, 
30-day readmission, and complications. As dis-
cussed earlier, percutaneous cement augmenta-
tion is one of the most common interventions for 
VCFs, and multiple studies have attempted to 
determine its effectiveness. Two randomized 
controlled trials published in the New England 
Journal of Medicine in 2009 failed to show better 
clinical outcomes when comparing vertebro-
plasty to sham procedures in patients with pain-
ful osteoporotic VCFs [40, 41]. Primary outcomes 
in both studies were patient reported outcome 
measures, including the Roland-Morris Disability 
Questionnaire (a validated assessment of physi-
cal disability due to back pain) and a numerical 
scale for intensity of back pain. Following the 
results of these studies, the American Academy 
of Orthopedic Surgeons updated its clinical prac-
tice guidelines the following year to strongly rec-
ommend against vertebroplasty for such patients 
[42]. Kyphoplasty, meanwhile, has emerged as 
an alternative form of treatment with cement aug-
mentation. Lee et  al. performed a prospective 
study that compared conservative treatment to 
balloon kyphoplasty. While patients who under-
went kyphoplasty showed better clinical out-
comes at 1-month post-injury, there were no 
significant differences in Oswestry Disability 
Index and visual analog scale scores at 3, 6, or 
12  months, and thus the utility of kyphoplasty 
may be minimal over the long-term. It’s impor-
tant to note, however, that certain patient subpop-
ulations did not experience the same results. In 
fact, risk factors for failed conservative treatment 
were older age, severe osteoporosis, larger col-
lapse rates, and being overweight. The authors 

therefore recommended kyphoplasty over con-
servative treatment in these particular patients, 
underscoring the importance of risk-adjustment 
when evaluating outcomes [43].

 The Value of Preventative Care 
in Osteoporosis.

The enormous clinical and economic burden of 
osteoporosis places incredible importance on the 
prevention of this disease and its associated con-
sequences. The critical question to answer in this 
scenario is whether preventive measures are more 
cost-effective in the long-term over doing noth-
ing at all and subsequently treating the conse-
quences of the disease. The first step in prevention 
is public awareness. Osteoporosis is a silent dis-
ease without symptoms, and thus many men and 
women do little to address it until after they reach 
a critically low bone mass and sustain their first 
fragility fracture. While osteoporosis is recog-
nized as an age-related disease that affects the 
elderly, the decline in bone mass actually starts at 
a much younger age. Studies have shown peak 
bone mass to occur between the age of 25 and 30, 
and those with a higher peak bone mass are less 
likely to suffer from the natural biologic changes 
that can lead to osteoporosis later in life. 
Moreover, there are multiple risk factors for 
osteoporosis. Lifestyle choices such as smoking, 
drinking, unbalanced diets, and lack of exercise 
are all known risk factors for various medical 
problems, including low bone mass. Genetics, 
comorbidities, and various medications also rep-
resent a host of other risk factors. Despite know-
ing the wide range of risk factors, many of which 
are modifiable, detection and preventive treat-
ment rates remain low. Almost 50% of women 
that meet guidelines for screening do not undergo 
testing, and this rate can be as low as 10% for 
high-risk populations [44, 45]. Detecting patients 
at an earlier time point can produce dramatic 
cost-savings and lower morbidity later in life, and 
thus it behooves the healthcare system to improve 
these efforts.

Once a diagnosis of osteoporosis is made, dif-
ferent medications can be prescribed in an effort 
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to control the disease and ultimately, prevent an 
osteoporotic fracture from occurring. Calcium 
and vitamin D supplementation has historically 
been a first-line treatment option; however recent 
evidence has questioned its utility. In a 2017 
meta-analysis of randomized clinical trials, Zhao 
et  al. found that supplementation with calcium, 
vitamin D, or both did not reduce the risk of hip, 
non-vertebral, vertebral, or total fractures in 
community- dwelling adults over the age of 50 
[46]. If the primary outcome of preventative 
treatment is to reduce the incidence of fractures, 
then, based on this study, vitamin D and calcium 
supplementation is a low-value treatment option. 
To the contrary, other medications have demon-
strated effectiveness in preventing fragility frac-
tures. Pharmacologic treatment with alendronate, 
risedronate, zoledronic acid, or denosumab have 
all shown some capacity to decrease the risk of 
fragility fractures, by as much as 50% [47, 48]. It 
is no surprise then that the 2017 American 
College of Physicians Clinical Practice 
Guidelines gave a strong recommendation to pre-
scribing one of these medications in women with 
osteoporosis [49].

Another form of preventive treatment with 
potentially high value is patient enrollment in a 
fracture prevention program, often referred to 
as a fracture liaison service (FLS). As described 
earlier, after a patient sustains their first osteo-
porotic fracture, the subsequent risk of an addi-
tional fracture rises dramatically. A significant 
reason for this is that a majority of these 
patients, as much as 80%, are not properly 
identified and treated for osteoporosis [50]. In 
other words, the fragility fracture is managed 
acutely, but the underlying disease, osteoporo-
sis, is never addressed. A FLS utilizes a team-
based model dependent on care coordination 
and communication between multiple special-
ists, including orthopedic surgeons, endocri-
nologists, and the primary care physicians. Very 
simply, once a patient presents with a fragility 
fracture, they are automatically enrolled into 
this program, and osteoporotic treatment is ini-
tiated. Early results of such programs have been 
very promising, identifying a 30–40% reduc-
tion in refracture rates [51]. While there are 

obviously upfront costs in creating a FLS (e.g., 
healthcare providers, office space, care coordi-
nation), the potential for long-term savings and 
reduction in patient morbidity and mortality is 
what qualifies a FLS as a high-value care 
model. Moreover, as the healthcare system 
transitions into a value-based reimbursement 
structure with various quality- care incentives, 
hospitals and practices gain to benefit finan-
cially from a successful FLS.

 The Future of Treating 
Osteoporosis.

The current medical and economic burden of 
osteoporosis is enormous and will only continue 
to grow. As the healthcare system evolves from a 
volume-based to a value-based system, it is 
imperative for providers and healthcare policy 
makers to develop cost-effective treatment strate-
gies that rein in costs while optimizing outcomes. 
This will require in-depth analysis of current 
costing methods to more accurately identify 
where and how the money is being spent and also 
a new approach to medicine, where patients are 
identified at earlier time points and interventions 
are initiated proactively instead of reactively. 
Healthcare providers and the outcomes that we 
use to evaluate success will have to evolve and 
adapt around the patient’s needs and concerns. 
Only then can we identify real areas for improve-
ment and implement methods for providing the 
highest value of care possible. Reimbursements 
based on quality of care and patient outcomes 
will help drive this change in the future.
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 Introduction

Osteoporosis is a frequently silent, systemic dis-
ease defined by both low bone mineral density 
and changes in the microstructure of the skeleton, 
both of which lead to an increased risk for fragil-
ity fractures. A fragility fracture is defined by a 
fracture sustained from a fall from a standing 
height or less, or a fall out of bed. Additionally, a 
fragility fracture is one that occurs when a frac-
ture otherwise would not have been expected, 
such as resulting from a slip on ice. Osteoporosis 
is the most common bone disease in humans and 
is a major public health concern. Vertebral com-
pression fractures (VCFs) are the most common 
types of osteoporotic fractures. These fractures 
are often asymptomatic making them challenging 
to diagnose and are associated with increased risk 
of subsequent fracture as well as increased mor-
bidity and mortality. This chapter both discusses 
the societal impact of and provides guidance for 
the evaluation and medical management of verte-
bral osteoporosis.

 Epidemiology

In the USA, ten million people over the age of 
50  years carry a diagnosis of osteoporosis, and 
34 million additional people have low bone mass 
[1, 2]. In those affected by osteoporosis, 1.5 mil-
lion annual fragility fractures have been noted; 
half of these are VCFs – this is twice the rate of 
hip fractures [1, 2]. It is estimated that VCFs 
occur in up to 50% of people over the age of 
50 years, and the incidence increases with age [3, 
4]. It is difficult to estimate the true incidence of 
vertebral fractures, particularly as compared to 
other fragility fractures. Limitations in these esti-
mates are affected by several factors including 
the fact that two-thirds to three-fourths of VCFs 
are asymptomatic, and <10% of patients are hos-
pitalized related to the fracture [4–7]. Access to 
healthcare and the specific definition of a VCF 
also play a role in the reliability of this estimate. 
Vertebral fractures are diagnosed clinically, as 
when a patient presents with a painful spine frac-
ture, or radiographically (the latter is termed a 
“morphometric” fracture), and this relationship is 
not well-defined, as few studies have prospec-
tively compared the agreement between an inci-
dent radiographic VCF and an incident clinically 
recognized, radiographically confirmed VCF in 
the same person at the same vertebral level [6]. 
Spinal fractures may remain under-recognized as 
based on morphometric diagnosis: (1) they may 
be overlooked on imaging, (2) they may be 
recorded as “age indeterminate,” or (3) they may 

F. N. Hant (*) 
Division of Rheumatology and Immunology,  
Medical University of South Carolina,  
Charleston, SC, USA
e-mail: hant@musc.edu 

M. B. Bolster 
Division of Rheumatology, Allergy, and Immunology, 
Massachusetts General Hospital, Harvard Medical 
School, Boston, MA, USA
e-mail: mbolster@mgh.harvard.edu

4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33861-9_4&domain=pdf
mailto:hant@musc.edu
mailto:mbolster@mgh.harvard.edu


32

not be recorded in the patient’s medical record – 
all three of scenarios likely result in treatment not 
being initiated at that time [4, 7].

A recent study provides a robust analysis of 
the worldwide prevalence and incidence of ver-
tebral insufficiency fractures while acknowledg-
ing the paucity of quality data on this most 
common osteoporotic fracture, mostly due to its 
silent presentation in many [4]. Ballane and col-
leagues report that the assessment of vertebral 
fracture incidence and prevalence between dis-
tinct countries and areas is most reliable when 
vertebral fractures are defined morphometrically 
[4]. They found the prevalence of morphometric 
fractures in Europe to be lowest in Eastern 
Europe and highest in Scandinavia (18% vs. 
26%, respectively), and in North America the 
prevalence rates are 20–24% in Caucasian 
women ≥50  years of age, with a Caucasian/
African American ratio of 1.6 [4]. Prevalence 
rates in women ≥50 years old in Latin America 
are 11–19% and are lower than in North America 
and Europe. In Asia, rates in women ≥65 years 
old are lowest in Indonesia and highest in Japan 
(9% and 24%, respectively) [4]. Incidence data 
are scarce and heterogeneous, but these authors 
report that age-standardized incidence rates in 
studies that combine ambulatory and hospital-
ized VCFs are highest in Hong Kong, the USA, 
and South Korea and lowest in the UK [4]. In the 
USA, incidence rates in Caucasian patients are ~ 
fourfold higher than in African American 
patients [4].

The European Vertebral Osteoporosis Study 
(EVOS) is a multinational, multicenter popula-
tion survey of vertebral osteoporosis, whose aim 
was to determine the prevalence of radiographi-
cally (morphometrically) defined “vertebral 
deformity” as a marker of vertebral osteoporosis 
by age and sex in different areas and popula-
tions of Europe [8]. EVOS revealed an overall 
increased prevalence of vertebral deformity in 
women compared with men, and this increased 
with age (from 5% at 50 years of age to 25% at 
75 years of age in women compared with 10% at 
50  years of age to 18% at 75  years of age in 
men) [8]. Notably the prevalence of vertebral 

deformity was higher in the younger age groups 
of men than women possibly due to a higher 
incidence of traumatic injury in men and is 
therefore less likely to be representative of a fra-
gility fracture in men. It is also noted that men 
have higher bone density and after age 50 have 
a slower rate of bone loss compared with 
women, thereby corroborating the lower preva-
lence of vertebral deformity in men with increas-
ing age [8].

 Risk Factors for Vertebral Fracture

Bone remodeling is a continuous process 
whereby a healthy skeleton is preserved by 
removing older bone (resorption), and replac-
ing it with new bone (formation). When this 
balance is altered, and more bone is removed 
than replaced, bone loss occurs. In older adults, 
bone mass equals the peak bone mass achieved 
by age 18–25 years minus the amount of bone 
subsequently lost [9]. The attainment of peak 
bone mass is determined by genetics as well as 
influences by multiple factors, including physi-
cal activity, nutrition, medication use, and 
endocrine status [9, 10]. With advancing age, 
and in women with menopause, the rate of bone 
remodeling increases, and an imbalance occurs 
leading to changes in skeletal architecture and 
an increased risk for fracture [9]. Cancellous 
bone, as is found in the vertebrae, undergoes 
changes with loss of individual plates of tra-
becular bone resulting in a weakened structure 
with diminished bone mass. There is an associ-
ated increased fracture risk related to the micro-
architecture changes which is compounded by 
other age associated declines in function 
including but not limited to visual impairment, 
increased frailty, sarcopenia, and falls [9]. 
There are numerous risk factors and conditions 
(see Table  4.1) associated with an increased 
risk of osteoporotic fractures, and these can be 
categorized into areas such as endocrine, gas-
trointestinal, hematologic, neurologic and rheu-
matic diseases, as well as lifestyle factors, and 
medications [9, 11].

F. N. Hant and M. B. Bolster



33

 Societal Impact of Osteoporosis 
and Vertebral Fractures

As the most common bone disease in humans, 
osteoporosis and its fracture consequences carry a 
significant economic burden and profoundly 
affect individual morbidity and mortality. The 
Surgeon General Report reveals that in the USA, 
each year, two million fractures are related to 
osteoporosis leading to 2.5 million medical office 
outpatient visits, 432,000 hospital admissions, 
and ~ 180,000 nursing home admissions [11]. It is 
projected that between the years 2000 and 2025, 
the US population of 50 years of age and older 
will increase by 60% (to 121.3 million) [12].

A study designed to predict the US burden of 
osteoporosis-related fractures and costs yielded 
interesting results for clinicians, healthcare orga-
nizations, and policy makers and demonstrated 
the importance of interventions to reduce the bur-
dens of this disease [13]. This study estimated, 
using a validated model, incident fractures and 
costs by age, race/ethnicity, sex, and skeletal site 
for the US population ≥50 years of age for 2005 
through 2025. In 2005, there were more than two 
million incident fractures at an economic cost of 
$17  billion; this amount rose to more than 
$19  billion if costs of prevalent fractures were 
included [13]. The study predicted that by 2025, 
the healthcare burden of fragility fractures in the 
USA is anticipated to grow by approximately 
50% to >three million fractures and equate to 
$25.3 billion annual in healthcare expenditures 
[13]. In addition, by race/ethnicity, the model 
estimated a 2.7-fold increase in fracture costs and 
incidence for Hispanic and other nonwhite popu-
lations [13]. The combined cumulative cost of 
both incident and prevalent fractures is projected 
to increase from $215 billion from 2006 to 2015 
to $259 billion in the next decade, 2016–2025 
[13]. Interestingly, men accounted for 25% of 
these costs and represented 29% of these frac-
tures, recognizing that osteoporosis is not only a 
“woman’s disease” [13]. The authors note that in 
2005, the model predicts total incident fractures 
by skeletal site were vertebral (27%), wrist 
(19%), hip (14%), pelvis (7%), and other sites 
(33%), and that total costs by fracture type were 

Table 4.1 Selected risk factors for osteoporosis and 
related fractures

Medications Glucocorticoids
Selective serotonin reuptake 
inhibitors
Aromatase inhibitors
Hypoglycemic agents: 
thiazolidinediones
Proton pump inhibitors
Antiepileptics
Anticoagulants: heparin and oral agents
Loop diuretics
Antiretroviral agents
Calcineurin inhibitors
Androgen deprivation therapy
Depot medroxyprogesterone acetate

Lifestyle Tobacco use
Excessive alcohol use
Inadequate exercise
Low calcium intake
Immobilization
Thin body habitus
High salt intake

Gastrointestinal 
disease

Gastric bypass
Malabsorption
Inflammatory bowel disease
Celiac disease

Endocrine 
disease

Thyrotoxicosis
Diabetes mellitus (Type 1 and 2)
Hyperparathyroidism
Cushing’s disease

Hematologic 
disease

Multiple myeloma
Sickle cell disease
Leukemia and lymphoma

Hypogonadal 
states

Anorexia nervosa
Athletic amenorrhea
Premature menopause (<40 years); 
Early menopause (<45 years)
Panhypopituitarism

Rheumatologic 
disease

Rheumatoid arthritis
Ankylosing spondylitis
Systemic lupus erythematosus

Neurologic 
disease

Epilepsy
Multiple sclerosis
Parkinson’s disease
Muscular dystrophy

Genetic disease Porphyria
Hemochromatosis
Parental history of hip fracture
Osteogenesis imperfecta

Miscellaneous Sarcoidosis
Posttransplant bone disease
Weight loss
Amyloidosis
Hypercalciuria
AIDS/HIV

Adapted from Cosman et  al. [9] and The Surgeon 
General’s Report [11]
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vertebral (6%), wrist (3%), hip (72%), pelvis 
(5%), and other sites (14%) [13]. Thus, non- 
vertebral fractures accounted for 73% of the 
 fractures and 94% of the costs [13]. Although 
there is a lower proportion of vertebral fractures 
estimated with lower cost burden, vertebral frac-
tures remain the most common type of fracture, 
are under-detected, and are predictive of frailty, 
morbidity, and future fractures, thus vertebral 
fractures are an important fracture burden with 
high impact.

 Diagnostic Approach

In 2015, the International Society for Clinical 
Densitometry (ISCD) released its official posi-
tion for indications for BMD testing as a guide to 
clinicians, and these are summarized in Table 4.2 
[14]. The dual-energy x-ray absorptiometry 
(DXA) scan provides the gold standard for 
assessment of bone mineral density (BMD). The 
DXA scan measures BMD at the lumbar spine, 
hip, and/or forearm. The World Health 
Organization (WHO) defines osteoporosis as a 
T-score at the lumbar spine, forearm, or hip 
which is less than or equal to −2.5, and this 
equates to at least 2.5 standard deviations below 
the mean BMD of a young-adult reference popu-
lation. Severe osteoporosis is represented by a 
T-score less than or equal to −2.5 in the presence 
of an established fragility fracture. Osteopenia or 
low bone mass is defined by a T-score between 
−1.0 and −2.5, and normal BMD is a T-score of 
−1.0 or above (Table 4.3). Although the risk for 
osteoporosis is highest when there is a lower 
BMD, the majority of fragility fractures occur in 
patients with low bone mass/osteopenia rather 
than in those with T-scores in the osteoporosis 
range [9, 15].

In addition to the bone density definition of 
osteoporosis, the presence of a vertebral insuffi-
ciency fracture or a hip fragility fracture defines 
the presence of osteoporosis, and hence increased 
subsequent fracture risk. Asymptomatic VCFs 
require proactive imaging to diagnose, as their 
presence would change a patient’s diagnostic bone 
health classification, affect treatment decisions, 

Table 4.2 Indications for testing bone mineral density

 1. Women age 65 years and older
 2. Men age 70 years and older
 3. Adults with a fragility fracture
 4.  Adults with a condition/disease known to be 

associated with bone loss or low bone mass
 5.  Adults taking a medication associated with bone 

loss or low bone mass
 6.  Postmenopausal women <65 years old with risk 

factors for low bone mass such as:
   Prior fracture
   High risk medication
   Low body weight
   Disease/condition associated with bone loss
 7.  Men <70 years old with risk factors for low bone 

mass such as:
   Prior fracture
   High risk medication
   Low body weight
   Disease/condition associated with bone loss
 8.  Perimenopausal women with clinical risk factors 

for fracture such as:
   Prior fracture
   High risk medication
   Low body weight
 9.  Anyone being considered for pharmacologic therapy
10.  Anyone being treated to monitor treatment effect
11.  Anyone not receiving therapy in whom bone loss 

would lead to starting treatment
12.  Women discontinuing estrogen

Adapted from The International Society for Clinical 
Densitometry (ISCD) [14]

Table 4.3 WHO definitions based on bone mineral den-
sity (BMD)

Classification BMD T-Score
Normal Within 1 SD of the 

mean level for a 
young-adult reference 
population

T-score at −1.0 
and above

Low bone 
mass 
(osteopenia)

Between 1.0 and 2.5 
SD below that of the 
mean level for a 
young-adult reference 
population

T-score 
between −1.0 
and −2.5

Osteoporosis 2.5 SD or more below 
that of the mean level 
for a young-adult 
reference population

T-score ≤ −2.5

Severe or 
established 
osteoporosis

2.5 SD or more below 
that of the mean level 
for a young-adult 
reference population 
with fractures

T-score ≤ −2.5 
with one or 
more fractures

Adapted from Cosman et al. [9]
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and impact future fracture risk [9, 16]. Independent 
of age, BMD, and other clinical risk factors, radio-
graphically established vertebral fragility fractures 
define poor underlying bone strength and bone 
quality in addition to predicting increased risk for 
both subsequent vertebral and non-vertebral frac-
tures [9].

Having a single VCF increases the risk of sub-
sequent fractures fivefold and the risk for hip and 
other fractures two to threefold [9, 17]. After a 
vertebral fracture, the risk for subsequent verte-
bral fractures begins in the first year following 
the incident fracture. Vertebral imaging can be 
achieved using traditional diagnostic lateral (tho-
racic and lumbar) spine radiographs or, alterna-
tively, the vertebral fracture assessment (VFA) 
software on the DXA scan. The VFA provides a 
lateral image of the thoracic and lumbar spine as 
a separate image on the DXA scan report. The 
ISCD, in its position paper, recommends use of 
VFA at the time of densitometric spine imaging 
to assist with the detection of vertebral fractures, 
acknowledging that VFA was designed to detect 
vertebral fractures and not other spinal abnormal-
ities [14]. As VCFs are highly prevalent in the 
elderly and are most often asymptomatic (vide 
supra), there are recommendations for vertebral 
imaging (by standard radiography or VFA) listed 
in Table  4.4 that should be utilized in clinical 
practice [9, 14].

In an effort to determine the fracture probabil-
ity in individuals with osteopenia (T-score 
between −1.0 and −2.4), the fracture risk assess-
ment tool (FRAX®) was developed by the WHO 
Collaborating Centre for Metabolic Bone Disease 
at Sheffield, UK, and introduced in 2008 [15, 18]. 
The FRAX® tool estimates the 10-year probabil-
ity of a hip fracture and of a major osteoporotic 
fracture (defined as a hip, forearm, proximal 
humerus, or vertebral fracture) and includes 
important clinical risk factors shown in Table 4.5, 
with or without the femoral neck BMD in the 
model [15]. The thresholds for treatment vary by 
country, and in the USA, treatment is recom-
mended if the FRAX score for a 10-year proba-
bility of a hip fracture is ≥3% and/or a 10-year 
probability of a major osteoporosis-related frac-
ture is ≥20% [15].

The FRAX algorithm can be applied using 
different modalities including newer DXA 
machines, DXA software upgrades (provide the 

Table 4.4 Recommendations for vertebral imaging
aConsider vertebral imaging tests for the following 
groups:
1.  All women 70 years and older and all men 80 years 

and older if BMD T-score is ≤ −1.0 at the spine, 
total hip, or femoral neck

2.  Women 65–69 years old and men 70–79 years old, if 
BMD T-score is ≤ −1.5 at the spine, total hip or 
femoral neck

3.  Postmenopausal women and men ≥50 years old with 
one of the following risk factors:

  Historical height loss of 1.5 inches/4 cm or moreb

  Prospective height loss of 0.8 inches/2 cm or morec

  Low-trauma fracture as an adult (age ≥ 50 years old)
  Recent or ongoing long-term glucocorticoid 

treatment [equivalent to ≥5 mg of prednisone or 
equivalent per day for ≥3 months

Adapted from Cosman et  al. [9] and The International 
Society for Clinical Densitometry (ISCD) [14]
aIn the absence of BMD, vertebral imaging may be con-
sidered based solely on age
bHistorical height is defined as current height compared to 
peak height during young adulthood
cProspective height is defined as height loss measured dur-
ing serial interval medical assessments

Table 4.5 Clinical risk factors utilized in the FRAX® 
calculation tool [18]

 1. Current age
 2. Gender
 3.  Prior osteoporotic fracture (includes asymptomatic 

VCFs and clinical fractures)
 4. Weight
 5. Height
 6. Rheumatoid arthritis
 7. Current smoking
 8. Alcohol intake (3 or more units of alcohol daily)
 9. Parental history of hip fracture
10. Use of oral glucocorticoids
   Current exposure to oral glucocorticoids or ever 

exposure to oral glucocorticoids for more than 
3 months at a dose of prednisone of 5 mg daily or 
more (or equivalent doses of other glucocorticoids)

11. Femoral neck BMD
12. Secondary causes of osteoporosis
   Type I (insulin dependent) diabetes, chronic 

malnutrition, osteogenesis imperfecta in adults, 
hypogonadism or premature menopause (<45 years), 
untreated long-standing hyperthyroidism, 
malabsorption, and chronic liver disease)

4 Evaluation and Medical Management of Vertebral Osteoporosis: Preventing the Next Fracture



36

FRAX® scores on the bone density report), or can 
be calculated by the clinician, with the FRAX 
calculator being found at the National 
Osteoporosis Foundation website (www.nof.org) 
or online at www.shef.ac.uk/FRAX. The FRAX 
tool is specific to a country and takes into account 
outcomes for fractures and associated morbidity 
and mortality [9]. This tool has been shown to 
improve fracture risk assessment compared to 
BMD alone [9, 19]. It is also important to note 
the application of FRAX® in the USA is intended 
for use in specific situations: in postmenopausal 
women and in men age ≥ 50; it is not meant to be 
used in patients currently or recently treated 
(within the last 2  years) with pharmacotherapy 
for osteoporosis [20]. Application of the BMD 
(femoral neck BMD) is preferred to use over the 
reported T-score in calculation [9, 18].

There are limitations to use of the FRAX® 
tool. Most importantly, the therapeutic thresholds 
are meant for clinical guidance and are not abso-
lute “guidelines.” This leaves treatment decisions 
to the provider emphasizing the importance of 
taking into consideration clinical judgment, indi-
vidual patient factors, other risk factors not cap-
tured in FRAX® (such as falls, frailty, lumbar 
BMD), recent decline in BMD, and other factors 
that overestimate or underestimate fracture risk 
[9]. In addition, FRAX® underestimates fracture 
risk in patients with multiple osteoporotic frac-
tures, those with recent fractures, and those at 
high risk for falls; it is most useful in those with 
low femoral neck BMD [9]. The use of FRAX® 
in patients with normal or low femoral neck 
BMD and lower lumbar spine BMD will under-
estimate the risk of fracture, as FRAX® is not 
validated for incorporation and does not utilize 
lumbar BMD in its calculation [9].

 Risk Factor Modification

Risk factors that affect a person’s underlying 
bone health should be assessed and modified as 
appropriate.

Regular weight-bearing and muscle strength-
ening exercise should be recommended to all 
patients to prevent falls as these can improve 

strength, posture, agility, and balance [9, 21–24]. 
Weight-bearing exercise refers to “exercise where 
the bones and muscles work against gravity as 
the lower extremities bear the body’s weight,” 
and the National Osteoporosis Foundation (NOF) 
strongly advocates for physical activity at all 
ages for overall health and osteoporosis preven-
tion and recognizes that when exercise is stopped, 
its benefits are lost [9]. Examples of weight- 
bearing exercise recommendations include, but 
are not limited to, walking, hiking, dancing, stair 
climbing, tennis, and jogging. Examples of mus-
cle strengthening exercises include, but are not 
limited to, weight training and resistive exercise 
such as pilates, use of resistive bands, yoga, and 
boot camp programs [9]. It is imperative to avoid 
a “one-size-fits-all” approach and to counsel 
patients individually about the most appropriate 
exercise programs to meet their needs based on 
their comorbidities and abilities.

Many patients with osteoporosis may benefit 
from physical and/or occupational therapy evalu-
ations to assess balance and fall risk, to assist 
with walking aids and other assistive devices, and 
to provide balance and core strengthening pro-
grams. These modalities are discussed in more 
detail in other chapters.

Home environment assessment for fall preven-
tion is an important intervention as more than 
50% of falls in community-dwelling older adults 
occur in or around the home [25, 26]. A home 
health nursing visit can identify common environ-
mental hazards whose modification may signifi-
cantly reduce the risk for falling. These include, 
but are not limited to, improving dim lighting or 
glare with use of night lights and motion lighting, 
placement of handrails on the stairs and grab bars 
in the bathroom near toilets and showers, review-
ing obstacles, removing clutter and tripping haz-
ards, and improving slippery or uneven surfaces 
by placement of bathtub non- skid mats and 
removal of throw rugs and other non-stick floor 
coverings [27]. Additional research is needed in 
the areas of high-risk populations such as people 
who live in long-term care facilities, as these resi-
dents fall more frequently than community-dwell-
ing individuals [28]. The astute clinician should 
also be aware of the many factors that put patients 
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at risk for falls including but not limited to medi-
cations, poor vision, deconditioning, balance 
impairment, and environmental risk factors such 
as clutter and low level lighting and make appro-
priate modifications if possible [29].

Tobacco and alcohol represent other modifiable 
risk factors, and targeted counselling in patient 
encounters is important. The deleterious effects of 
tobacco on skeletal metabolism via hormonal 
changes and direct toxicity on bone are well-
known, and BMD is lower in current and ever 
smokers than in never smokers, regardless of gen-
der [30, 31]. The NOF strongly encourages an 
active smoking cessation program as part of a com-
prehensive osteoporosis management program [9]. 
Ethanol has both direct and indirect effects on bone 
cells. It decreases BMD and bone mass directly in 
both cortical and trabecular bone mainly via a 
decrease in bone formation as well as indirectly, 
through malnutrition leading to weight loss, 
decreased fat and lean mass, and hormonal altera-
tions that may change bone cell activity [32]. 
Recommendations from work by Maurel and col-
leagues include counselling patients with excessive 
alcohol as defined by greater than two drinks a day 
for women and three drinks for men. The detrimen-
tal effects of alcohol on bone health include 
increased fall risk; for patients with recurrent falls, 
inquiry into the possibility of excessive alcohol use 
should be approached to improve safety [32].

In summary, the following recommendations 
should be made to the general public in an effort 
to preserve bone strength, and these include life-
long muscle-strengthening and weight-bearing 
exercise, tobacco cessation, treatment of exces-
sive alcohol use, fall risk reduction, and sufficient 
intake of calcium and vitamin D.

 Diet, Calcium and Vitamin D Intake

Adequate lifelong calcium intake is vital to 
attaining peak bone mass and maintaining bone 
health; a balanced diet rich in fruits, vegetables, 
and low-fat dairy products is fundamental [9].

Approximately 99% of the body’s calcium 
stores are in the skeleton, and when the exoge-
nous supply is limited, bone resorption occurs to 

maintain a steady level of serum calcium. 
Consumption of calcium and vitamin D is a safe 
and cost-effective way to reduce fracture risk in 
patients with osteoporosis with controlled trials 
demonstrating that this combination reduces the 
risk of fracture [9, 33]. Interestingly, while there 
are strong data to support the benefit of calcium 
and vitamin D supplementation in the manage-
ment of osteoporosis, a meta-analysis performed 
by Zhao and colleagues revealed no fracture risk 
reduction with calcium and vitamin D supple-
mentation in community-dwelling adults over the 
age of 50 years [34]. While of interest, these data 
should not be extrapolated to a population of 
patients with known osteoporosis requiring treat-
ment or to a population of elderly subjects in an 
institution with increased fracture risk.

The NOF and the National Academy of 
Medicine recommend that men 50–70  years of 
age consume 1000  mg/day of calcium and that 
men ≥71  years old and women ≥51  years old 
consume 1200 mg/day of calcium [9, 35]. There 
is no evidence that higher doses are advantageous 
in regard to bone health, and doses above 1200–
1500 mg/day may increase the risk for the devel-
opment of cardiovascular disease, stroke, and 
renal stones, although this remains an area of 
debate [9, 36–39]. A study by Xiao et al. found 
that calcium supplementation of 1500 mg daily 
or higher was associated with increased cardio-
vascular risk in men; however this was not found 
in women, and additionally, lower supplementa-
tion doses were not associated with increased 
cardiovascular disease or strokes in men or 
women [40]. Sufficient dietary calcium intake is 
recommended first line, with judicious use of 
supplements added when adequate dietary con-
sumption cannot be accomplished. Calcium sup-
plementation can be provided with the use of 
calcium citrate or calcium carbonate and should 
be taken in divided doses throughout the day. 
Calcium citrate can be taken with or without 
food, not requiring an acidic environment, and is 
thus the supplement of choice in patients using 
proton pump inhibitors, while calcium carbonate 
requires food intake for adequate absorption.

Vitamin D also plays an essential role in bone 
health by enhancing calcium absorption, balance, 
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and muscle performance and by reducing fall 
risk. The NOF recommendations are vitamin D 
800–1000 IU daily in adults ≥50 years of age [9]. 
The National Academy of Medicine recommends 
vitamin D in a dose of 600 IU daily for adults to 
the age of 70 and 800  IU daily for adults 
≥71 years of age [35]. The sun is a good source 
of vitamin D; dietary sources include salt water 
fish, liver, fortified milk (400 IU/quart), and some 
fortified cereals and juices (~40–50  IU/serving) 
[9]. Those at risk for vitamin D deficiency are 
patients with limited sun exposure, such as 
housebound and chronically ill patients, those 
with malabsorption or other gastrointestinal (GI) 
diseases (i.e., inflammatory bowel disease, celiac 
sprue, gastric bypass surgery), patients with renal 
insufficiency, dark skin pigmented individuals, 
and the obese [9]. Measurement of serum 
25-OH-vitamin D should be undertaken in all 
patients at risk for deficiency and in those patients 
with osteopenia/osteoporosis, with supplementa-
tion recommended in amounts adequate to bring 
the serum 25-OH-vitamin D level to greater than 
30 ng/ml (75 nmol/L) and a daily dose to main-
tain this level, especially in patients with osteo-
porosis [9].

It should be noted that many patients with 
osteoporosis will need more supplementation 
than the 800–1000  IU daily, and the National 
Academy of Medicine recommends the safe 
upper limit for vitamin D intake for the general 
adult population as 4000 IU daily [35]. If adults 
are noted to be vitamin D deficient, treatment 
with higher daily doses of Vitamin D3 supple-
mentation are recommended, such as 4000–5000 
IU daily, for 8–12 to achieve a 25-OH-vitamin D 
level of 30 ng/ml or higher, followed by a main-
tenance does of vitamin D3, 1500–2000 IU daily 
or a dose appropriate to maintain the target blood 
level [9, 41, 42].

Studies to date looking at high-dose vitamin D 
to reduce fall risk are inconclusive and warrant 
further study, with a recent study showing that a 
high-dose bolus vitamin D supplementation of 
100,000 IU of vitamin D3/cholecalciferol monthly 
over 2.5–4.2 years did not prevent falls or frac-
tures in a healthy, ambulatory, adult population 

[43]. Another study among older community- 
dwelling women, a single annual oral dose of 
500,000 IU of vitamin D3/cholecalciferol resulted 
in an increased risk of falls and fractures [44].

 Medical Management

When patients suffer from a VCF, treatment 
goals should be twofold: (1) to provide pain 
relief and (2) to assess and manage the underly-
ing osteoporosis with appropriate pharmacologic 
therapies [2].

The acute pain arising from a new VCF usually 
improves over the course of 6–12  weeks, and 
throughout this interval, analgesics should be pre-
scribed to decrease pain and to encourage move-
ment [2, 45]. First-line analgesics should include 
acetaminophen or salicylates and nonsteroidal 
anti-inflammatory drugs (NSAIDs) [46]. 
Salicylates and NSAIDs should be used with cau-
tion in elderly patients with comorbidities due to 
the risk of gastric and/or renal adverse effects. 
Patients who fail initial management with these 
agents could be considered for opioid therapy; 
however these have considerable side effects espe-
cially in the elderly population, such as reduced GI 
motility and respiratory drive, urinary retention, 
and cognitive depressive effects. Opiate use in the 
elderly can lead to loss of balance and increased 
fall risk [47]. Short-term use of muscle relaxants 
for the first 1–2 weeks after vertebral fracture may 
be helpful to alleviate paravertebral muscle spasm 
associated with a VCF although side effects such 
as dizziness and drowsiness are potential concerns 
[2, 48]. In addition, the use of calcitonin agents for 
patients with acute pain from recent osteoporotic 
vertebral fractures is supported as an effective 
analgesic based on several randomized double-
blind placebo-controlled trials, likely relating to an 
endorphin effect from this agent [2, 49].

Use of bracing remains largely opinion-based 
but can play a conservative role in many patients 
with VCFs. The main role of bracing in the man-
agement of osteoporosis-related VCFs is to pre-
vent pain from movement by stabilizing the 
spine, and in addition, it leads to less back fatigue 
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and allows for decreased bed rest with early 
mobilization following an acute fracture [2, 50, 
51]. Ideally, if warranted based on the patient’s 
clinical status, braces should be easy to put on, 
comfortable and lightweight, and prevent abdom-
inal compression and respiratory effects [2]. 
Long-term use of back bracing may lead to core 
muscle weakness and further deconditioning [9]. 
Specific types of braces (corset, back brace, pos-
ture training support devices, etc.) used for VCFs 
will be covered in other chapters within this 
textbook.

After a short period of bed rest, patients should 
begin an early mobilization process with reha-
bilitation exercises with the goals of fall preven-
tion, reduction of the development of kyphosis, 
corrective spinal alignment, and axial muscle 
strengthening [2]. It has been shown that spinal 
extensor strengthening and dynamic propriocep-
tive programs result in increased bone density 
and reduce the risk of VCFs [52–54]. Back exten-
sor exercises improve spinal strength leading to 
reduction in kyphotic deformity and better 
dynamic-static posturing; the correction in 
kyphosis increases mobility, improves pain, and 
improves quality of life [55]. Physical therapy 
including core strengthening exercises as well as 
balance, gait analysis, fall risk evaluation, and 
spine protective practices (such as how to avoid 
leaning over to perform activities) have an impor-
tant role in the medical management of these 
patients leading to pain relief and improvement 
in physical function [56].

Patients with painful, recent VCFs that fail the 
aforementioned conservative therapy may be 
candidates for intervention with kyphoplasty or 
vertebroplasty. Considerations for use of these 
procedures will be discussed in a different chap-
ter in this textbook.

 Pharmacologic Management

The following patients, postmenopausal women 
and men ≥50 years old, should be considered for 
pharmacologic treatment with a (1) history of hip 
or vertebral fracture (clinically or morphometric 

VCF); (2) T-score ≤ −2.5 at the total hip, femoral 
neck, or lumbar spine (or 1/3 radius if hip or 
spine BMD is unavailable or unreliable due to 
instrumentation or spinal deformity); and (3) low 
bone mass (T-score between −1.0 and −2.5 at the 
femoral neck or lumbar spine) and increased cal-
culated FRAX® risk [9].

All patients who have had a vertebral insuffi-
ciency fracture should be counselled on risk fac-
tor reduction, the importance of calcium and 
vitamin D intake, fall prevention, and exercise as 
part of a comprehensive treatment strategy. Prior 
to starting pharmacologic treatment, an individu-
al’s risk factors and comorbidities should be 
addressed, and, as appropriate, patients should 
undergo a metabolic evaluation for secondary 
causes of bone loss. Although not requisite to 
determine the need for osteoporosis treatment, a 
patient with a VCF should undergo BMD mea-
surement via DXA scanning to determine base-
line BMD which can be used for assessing 
treatment response.

The available FDA-approved drugs for the 
prevention and treatment of postmenopausal 
osteoporosis include antiresorptive agents such 
as bisphosphonates (alendronate, risedronate, 
ibandronate, zoledronic acid), estrogens (estro-
gen and other hormonal therapy), estrogen ago-
nist/antagonist (raloxifene), the receptor activator 
of nuclear factor kappa-B (RANK) ligand 
(RANKL) inhibitor (denosumab), and anabolic 
agents such as parathyroid hormone (PTH), terip-
aratide, and abaloparatide [1–34]. These agents 
are summarized in Table 4.6 [9]. Calcitonin does 
not reduce the risk of fractures but may assist 
with pain associated with vertebral fracture, and 
thus it may be utilized accordingly. The FDA- 
approved treatments have been shown to decrease 
fracture risk in patients with osteoporosis includ-
ing those with and without prior fragility frac-
tures [9]. The NOF does not endorse the use of 
non-FDA-approved therapies to prevent or treat 
osteoporosis such as calcitriol, sodium fluoride, 
tibolone, strontium ranelate, and genistein, 
among others [9]. Genistein is an isoflavone phy-
toestrogen which is a main ingredient in a pre-
scription “medical food” product Fosteum® and 
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may benefit bone health in postmenopausal 
women; however more data from well-designed 
randomized-controlled trials are needed to fully 
understand its effects on bone health and fracture 
risk [9, 57]. Although there are strong data on the 
benefits of pharmacologic therapy for patients 
with osteoporosis with or without prior fractures, 
the evidence for overall anti-fracture benefit in 
patients with osteopenia who are not at high risk 
for fracture is not as compelling [9]. Use of the 
FRAX tool has helped to identify those patients 
with osteopenia who are at predictably high risk 
for fracture who may benefit from treatment; 
however there are limited data confirming frac-
ture risk reduction with pharmacologic therapy in 
this group of patients [9]. Each provider must 
review with each patient the risks and benefits of 
osteoporosis pharmacotherapies to optimize 
management and compliance with the goal of 
risk reduction for vertebral and non-vertebral 
fractures [9].

 Oral Bisphosphonates

Alendronate sodium (Fosamax®, Fosamax Plus 
D, Binosto™ and generic alendronate), risedro-
nate sodium (Actonel®, Atelvia™), and zoledronic 
acid (Reclast®) are FDA approved to prevent and 
treat osteoporosis in postmenopausal women, to 
increase bone mass in men with osteoporosis, 
and for the treatment of glucocorticoid-induced 
osteoporosis (GIOP) in women and men [9, 58–
63]. Alendronate, an oral medication, reduces the 
incidence of hip and vertebral fractures by about 
50% over 3 years in patients with osteoporosis as 
defined by T-score or a prior vertebral fracture 
and reduces the incidence of vertebral fractures 
by 50% over 3 years in patients without a previ-
ous vertebral fracture [9, 59, 64, 65]. Risedronate 
sodium (Actonel®, Atelvia™), an oral medication, 
has been shown to reduce the incidence of non- 
vertebral fractures by 36% and vertebral fractures 
by 41–49% over 3  years with significantly 

Table 4.6 Selected FDA-approved treatment for the prevention and treatment of osteoporosis

Agent Mechanism of action Dosage
Oral 
bisphosphonates
1.  Alendronate/

Fosamax®

2.  Risedronate/
Actonel®

3.  Ibandronate/
Boniva®

Antiresorptive
  Inhibitor of osteoclast-mediated bone resorption

1.  Prevention
   5 mg daily/35 mg weekly
1. Treatment
  10 mg daily/70 mg weekly
2. Prevention and treatment
  5 mg daily/35 mg weekly
  150 mg monthly
3. Treatment
  150 mg monthly

IV bisphosphonate
1.  Ibandronate/

Boniva®

2.  Zoledronic acid/
Reclast®

Antiresorptive
  Inhibitor of osteoclast-mediated bone resorption

1. Treatment
  3 mg IV every 3 months
2. Prevention
  5 mg every 2 years
2. Treatment
  5 mg yearly

RANKL/RANKL 
inhibitor
  Denosumab/

Prolia®

Antiresorptive
  Prevents RANKL from activating its receptor, RANK, on the 

surface of osteoclasts. Prevention of the RANKL/RANK 
interaction inhibits osteoclast formation, function, and 
survival, thereby decreasing bone resorption

60 mg SQ every 6 months

SERM
  Raloxifene/

Evista®

Acts as an estrogen agonist in bone. Decreases bone resorption 
and bone turnover

Prevention and treatment
60 mg oral daily

PTH (1–34)
1.  Teriparatide/

Forteo®

2.  Abaloparatide/
Tymlos®

Anabolic
  Stimulates new bone formation on trabecular and cortical 

(periosteal and/or endosteal) bone surfaces by preferential 
stimulation of osteoblastic activity over osteoclastic activity

Treatment
1. 20 mcg SQ daily
2. 80 mcg SQ daily

IV intravenous, SQ subcutaneous
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reduced risk within 1 year of treatment in patients 
with a history of a prior vertebral fracture [60, 
66]. Ibandronate sodium (Boniva®) is FDA 
approved for the prevention and treatment of 
postmenopausal osteoporosis [9]. This medica-
tion was shown to reduce the incidence of verte-
bral fractures by ~ 50% at 3  years, but risk 
reduction of non-vertebral fractures was not spe-
cifically addressed prior to FDA approval of 
ibandronate [9, 67].

Zoledronic acid (Reclast®), an annual infusion 
medication, is also indicated for the prevention of 
new clinical fractures in women and men with a 
history of a recent hip fragility fracture [9, 68]. 
This medication reduces the incidence of verte-
bral fractures by 70% (with significant reduction 
at 1  year), non-vertebral fractures by 25%, and 
hip fractures by 41% over 3 years in patients with 
osteoporosis (defined by BMD in osteoporotic 
range at the hip and prevalent vertebral fractures) 
[9, 62]. When receiving zoledronic acid, patients 
should remain adequately hydrated and may 
receive premedication with acetaminophen to 
decrease the risk for an “acute phase reaction” or 
“flu-like syndrome” (fever, headache, arthralgia, 
myalgia) which has been reported in up to 32% 
of patients after the first dose, 7% after the sec-
ond dose, and 3% after the third dose [9].

All bisphosphonates require adequate renal 
function prior to administration and have not 
been studied in patients with an estimated GFR 
<35  mL/min; zoledronic acid is not advised in 
patients with GFR <35  mL/min or evidence of 
acute renal insufficiency. Renal function should 
be assessed prior to administration of zoledronic 
acid [9, 69].

Two rare but noteworthy complications that 
have been reported with bisphosphonate use are 
osteonecrosis of the jaw (ONJ) and atypical fem-
oral fractures (AFF).

ONJ is a condition in which there is decreased 
metabolic support to the bony tissue of the man-
dible and maxilla resulting in bone necrosis and 
poor healing. ONJ can occur spontaneously or 
more commonly occurs after invasive dental 
work such as tooth extractions or dental implants, 
and thus all patients should be encouraged to 
have all dental procedures completed prior to 

starting therapy, as instrumentation appears to 
heighten the risk for this condition. The FDA has 
voiced precautions regarding the occurrence of 
ONJ seen in patients on bisphosphonates, with 
risks for developing ONJ higher in patients tak-
ing the drug intravenously and related to an 
underlying malignancy [9, 70]. AFF are rare, 
low trauma fractures that may be associated with 
long-term (>5 years) use of bisphosphonates and 
may be preceded by a prodrome of anterior thigh 
or groin pain which may be unilateral or bilateral 
[9, 71]. In the presence of a new AFF, bilateral 
femur x-rays should be obtained. If clinical sus-
picion remains high even in the presence of neg-
ative contralateral plain films, then MRI or 
radionuclide bone scan should be considered [9, 
71]. The risk of atypical femoral fracture, but not 
osteonecrosis of the jaw, clearly increases with 
bisphosphonate therapy duration; however the 
risk of these rare events is outweighed by verte-
bral fracture risk reduction in high-risk patients 
[72]. Discontinuation of antiresorptive agents 
is  imperative with the occurrence of ONJ or 
an AFF.

 Rank Ligand Inhibition

Denosumab (Prolia®) is FDA approved for the 
treatment of osteoporosis in postmenopausal 
women at high risk for fracture, to increase bone 
mass in men with osteoporosis, to treat bone loss 
in women with breast cancer on aromatase inhib-
itors and men receiving gonadotropin-reducing 
hormone treatment for prostate cancer who are at 
high risk for fracture [9]. It is a monoclonal anti-
body that potently blocks the binding of receptor 
activator of nuclear factor kappa-B ligand 
(RANKL) to its osteoclast-derived receptor 
(RANK), thereby inhibiting osteoclast-mediated 
bone resorption [73]. It reduces, over 3 years, the 
incidence of vertebral fractures by~ 68%, non- 
vertebral fractures by ~ 20%, and hip fractures by 
~40% [9, 74]. Denosumab can lead to hypocalce-
mia and has also rarely been associated with ONJ 
and AFF.  Once treatment with this agent is 
stopped, bone loss may be rapid, and alternative 
agents should be considered to maintain BMD. 
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In addition, recent data suggest discontinuing 
denosumab may increase the risk of multiple ver-
tebral fractures due to a rebound increase in bone 
resorption, thus clinicians and patients must be 
aware of this potential risk [9, 75].

 Estrogen Agonist/Antagonist 
(Formerly Known as SERMs)

Raloxifene (Evista®) is FDA approved for the 
prevention and treatment of osteoporosis in post-
menopausal women. It has been shown to reduce 
the risk of vertebral fractures by ~ 30% in 
patients with prior vertebral fracture and by ~ 
55% in patients without a prior vertebral fracture 
over 3 years, though it does not have a demon-
strated benefit for non-vertebral fracture risk 
reduction [76].

 Anabolic Agents

Parathyroid hormone (PTH 1–34) teriparatide 
(Forteo®) is FDA approved for the treatment of 
postmenopausal women and men at high risk for 
fracture, and in those with osteoporosis associ-
ated with sustained use of systemic glucocorti-
coid therapy [9, 77]. A similar agent abaloparatide 
(Tymlos®) (PTH 1–34) is similarly FDA approved 
for the treatment of postmenopausal women with 
osteoporosis at high risk for fracture [78]. 
Teriparatide reduces the risk of vertebral frac-
tures by ~ 65% and non-vertebral fragility frac-
tures by ~ 53% after an average of 18 months of 
treatment [79]. Abaloparatide (Tymlos) com-
pared with placebo also reduces the risk of new 
vertebral and non-vertebral fractures and results 
in higher BMD gains over 18 months [78]. These 
agents carry a black box warning of osteosar-
coma risk, although there has not been an 
observed increased occurrence in humans clini-
cally. Patients at high risk for osteosarcoma at 
baseline should not receive these agents such as 
those with Paget’s disease of bone, unexplained 
increase in alkaline phosphatase, hypercalcemia, 
history of skeletal malignancy, history of bony 
metastases, or a history of prior skeletal radiation 

[9]. Other potential adverse effects from these 
agents are: leg cramps, dizziness, and orthostatic 
hypotension. Following treatment with an ana-
bolic agent, an antiresorptive agent should be 
started to maintain skeletal benefits [9].

Another agent being studied for treatment of 
osteoporosis is romosozumab, a potent human-
ized monoclonal antibody that binds to scleros-
tin, an inhibitor of the Wnt signaling pathway, a 
major pathway in skeletal development, bone 
remodeling and adult skeletal homeostasis [80]. 
Romosozumab is a potent anabolic agent which 
activates the Wnt signaling pathway and leads to 
bone formation and an increase in BMD. In the 
Phase III placebo-controlled FRActure study in 
postmenopausal woMen with ostEoporosis 
(FRAME) trial comparing romosozumab to pla-
cebo, vertebral fractures were reduced by 73% 
after 1  year of treatment [80, 81] . Treatment 
with romosozumab for 1 year, followed by deno-
sumab in the second year, reduced vertebral frac-
tures by 75% compared to the group receiving 
placebo for 1  year followed by denosumab for 
1 year [80, 81].

Treatment for osteoporosis should not be con-
sidered indefinite in duration with the realization 
that all non-bisphosphonate therapies produce 
temporary effects that fade with stopping the 
medication, and when these therapies are stopped, 
the benefits gained will quickly disperse [9]. 
Bisphosphonates often allow for residual effects 
even after their discontinuation, and thus it is 
possible to stop bisphosphonate therapy and 
retain lingering benefits against fracture for years 
[9]. Treatment duration must be tailored to indi-
vidual patients, and after 3–5 years of therapy, a 
risk assessment should be conducted with assess-
ment of clinical fracture history, BMD testing, 
new medications and medical illnesses, height 
loss, and consideration of vertebral imaging [9]. 
As evidence of efficacy beyond 5 years of treat-
ment is limited, it is reasonable to stop bisphos-
phonates after 3–5 years in patients with modest 
risk after the initial treatment timeframe; how-
ever in those at high risk for fracture, continued 
treatment should be considered [9, 82, 83].

The appropriate duration of therapy to treat 
osteoporosis with medications remains an area of 
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uncertainty and several studies have attempted to 
clarify this. The Fracture Intervention Trial Long- 
term Extension (FLEX) evaluated the effects of 
stopping alendronate/Fosamax® therapy after 
5  years versus continuing therapy for 10  years 
[84]. In this trial, 1099 postmenopausal women 
who had been randomized to alendronate in FIT 
(Fracture Intervention Trial), with a mean of 
5 years of prior alendronate treatment, were ran-
domized to one of two doses of alendronate or 
placebo for 5 years [84]. After 5 years, the cumu-
lative risk of non-vertebral fractures (RR, 1.00; 
95% CI, 0.76–1.32) was not significantly differ-
ent between those continuing on (19%) and stop-
ping (18.9%) alendronate. Among those who 
remained on drug for 10 years, there was a sig-
nificantly lower risk of clinically recognized ver-
tebral fractures (5.3% for placebo and 2.4% for 
alendronate; RR, 0.45; 95% CI, 0.24–0.85) but 
no significant reduction in morphometric verte-
bral fractures (11.3% for placebo and 9.8% for 
alendronate; RR, 0.86; 95% CI, 0.60–1.22) [84]. 
The study concluded that for many postmeno-
pausal women, discontinuation of alendronate 
after 5 years of therapy does not appear to signifi-
cantly increase fracture risk but that women at 
very high risk of vertebral fractures may benefit 
by remaining on therapy for a total course of 
10 years [84]. Based on these data, many authori-
ties recommend therapy with oral bisphospho-
nates for 5 years followed by consideration for a 
“drug holiday” while continuing to monitor the 
patient clinically with DXA scan, assessment of 
clinical and morphometric fractures, and risk fac-
tor assessment.

Another trial, a randomized extension to the 
HORIZON-Pivotal Fracture Trial (PFT), looked 
at the effect of 3  years versus 6  years of zole-
dronic acid treatment for osteoporosis [85]. To 
investigate the long-term effects of zoledronic 
acid on BMD and fracture risk, in this extension 
trial, 1233 postmenopausal women who received 
zoledronic acid for 3 years in the core study were 
randomized to 3 additional years of zoledronic 
acid (Z6, n  =  616) versus placebo (Z3P3, 
n = 617) [85]. They found that new morphomet-
ric vertebral fractures were lower in those 
patients who received 6 years of zoledronic acid 

compared to those patients receiving zoledronic 
acid for 3  years followed by placebo infusions 
for 3  years (odds ratio  =  0.51; p  =  0.035), but 
other fractures were not noted to be different 
[85]. Small differences in bone density and bone 
turnover markers in those who continued versus 
those who stopped zoledronic acid suggest resid-
ual effects, and it was concluded that after 
3  years of annual zoledronic acid infusions, 
many patients can discontinue therapy for up to 
3 years [85]. However, vertebral fracture reduc-
tions in this trial suggested that those at high risk 
of fracture and particularly vertebral fractures 
may benefit from continued treatment for more 
than 3 years [85].

 Summary

Despite available treatments, many patients are 
not being given the tools for prevention of osteo-
porosis and related fractures, and many are not 
undergoing the testing to diagnose or establish 
their underlying bone health risk. In addition, 
many patients who have suffered osteoporotic- 
related fractures are not receiving any of the very 
effective FDA-approved pharmacologic thera-
pies for the treatment of osteoporosis [9].

Many of the same principles related to pri-
mary prevention, risk assessment, and screening 
should be implemented once a fracture has 
occurred to help avoid further fractures.

Primary prevention of osteoporosis includes 
risk assessment, BMD testing, and pharmaco-
therapy if indicated. These same principles in 
patient management apply to those patients who 
have sustained a fragility fracture (secondary pre-
vention). Many patients who have sustained a 
fragility fracture do not receive treatment and 
thus remain at very high risk for subsequent frac-
ture, increased morbidity and mortality. The 
medical management of osteoporotic fractures is 
well-supported by data demonstrating medica-
tion efficacy. Treatment regimens should be indi-
vidualized for patient needs including medication 
selection and duration of therapy. Risk factor 
assessment, including fall risk, remains an essen-
tial part of the management plan.
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 Microstructure of the Vertebral 
Body

The vertebral body is composed of superior and 
inferior endplates, with a thin cortical shell sur-
rounding a network of trabecular bone. The end-
plate is in fact a bilayer of cartilage and bone 
[5–7]. The cartilage is composed of chondro-
cytes within an extracellular matrix composed 
of proteoglycans, water, and type I and III col-
lagen fibers that, in contrast to articular carti-
lage, are arranged parallel to the ends of the 
vertebral body [5, 6]. The bony portion of the 
endplate is composed of thickened trabecular 
bone. This endplate is thinnest in the central 
portions of the vertebral bodies and becomes 
progressively thicker as it moves toward the 
periphery [7–9]. The cranial endplate is consis-
tently thinner than the more caudal endplate on 
histologic examination, which in large part 
explains why the cranial endplate has been 
shown to fracture first in VCFs [8, 10].

The structure of the trabecular bone can be 
described in terms of vertical columns, as well 
as horizontal struts that interconnect the col-
umns [11, 12]. The density of the horizontal 
connections changes depending on the location 
within the vertebral body, with more horizontal 
struts existing closer to the endplates [12]. 
Changes in trabecular bone orientation can 
directly affect the mechanical properties and 
corresponding loads to failure, without chang-
ing the overall bone density of the trabecular 
bone itself [11]. Variation in structure also exists 
within the vertebral body itself. The anterior 
vertebral body is preferentially affected by dis-
ease processes such as osteoporosis and is struc-
turally weaker than the more central or posterior 
vertebral body [8, 13–16]. This is due in part to 
stress shielding as under normal axial loading, 
the posterior elements of the spinal column tend 
to see anywhere between 60% and 80% of the 
forces applied in compression (Fig.  5.1) [15, 
17]. In osteoporosis, the trabecular bone is pref-
erentially affected, causing a decrease in overall 
bone mass [18]. This bone loss seems to be 
regionally specific as well, affecting the anterior 
vertebral bodies more heavily.
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 Microstructure of the Intervertebral 
Disc

The intervertebral disc is made up of the inner 
nucleus pulposus and outer annulus fibrosus. The 
nucleus pulposus is comprised of type II colla-
gen, proteoglycans, and water. It possesses a 
characteristic low collagen to high proteoglycan 
ratio, with a resulting high water content which 
gives it the ability to resist compressive forces. 
With aging, the ratio of proteoglycan to collagen 
decreases within the nucleus pulposus, leading to 
decreased water content and loss of the normal 
compressive properties [19–23]. The annulus 
fibrosus is composed of obliquely oriented type I 
collagen, as well as both proteoglycans and 
water. In contrast to the nucleus pulposus, the 

annulus has a high collagen to proteoglycan ratio, 
making it a more rigid structure with high tensile 
strength.

 Creep Deformity and Fatigue 
Failure

As noted earlier, many patients present with 
VCFs without recall of a specific time of injury 
and frequently these injuries are noted inciden-
tally on imaging for other injuries or medical 
conditions [1–4]. This is thought in large part to 
be due to the idea of “creep” deformity. This is 
defined as the slow, progressive deformation of 
the vertebral bodies that occurs with repetitive 
physiologic cyclic loading. Over time, this repeti-
tive stress can cause microfractures and irrevers-
ible deformities of the vertebral endplates 
[24–26]. The idea of progressive “creep” can also 
explain the mechanism by which a biconcavity 
fracture type can progress to a crush-type, as is 
discussed later in this chapter.

 Fracture Patterns

Vertebral compression fractures occur in several 
major patterns, depending mostly on the forces 
that caused the initial deformity. Many classifica-
tion systems of compression fractures have been 
described, some purely based off of radiographic 
description, while others have included factors 
such as chronicity and dynamic stability [14, 27–
31]. When describing the morphology of com-
pression fractures, three subtypes are described: 
anterior wedge, biconcave, and crush (Fig.  5.2) 
[14, 27, 29, 32].

Anterior wedge fractures are the most com-
mon type of compression fracture in osteoporotic 
patients, making up just over 50% of all VCFs 
[33]. This is thought to be due to the stress shield-
ing effect that occurs in the degenerative spine 
[17]. When the adult degenerative spine is sub-
jected to cyclic daily activities, the posterior ele-
ments of the spinal column bear anywhere 
between 60% and 80% of the compressive forces, 
leaving the anterior endplates and trabecular 
bone relatively shielded from daily compressive 

Erect standing posture

44% 48%

normal disc degenerated disc

8% 19% 41% 40%

58% 40% 2% 59%

Forward bending

38% 3%

Fig. 5.1 Distribution of forces in erect and flexed posi-
tioning of the vertebral column. The left side shows nor-
mal force distribution in a non-diseased disc; the right 
shows the distribution of force in a patient with disc 
degeneration. (Reproduced from Pollintine et  al. [17], 
with permission from s, Inc.)
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forces, hence weakening the bone [8, 15, 17, 20, 
34, 35]. However, in the setting of sudden forced 
flexion, the anterior vertebral bodies see an abrupt 
increase in compressive forces. This results in 
higher than normal physiologic forces acting on 
an already weakened portion of the vertebral 
body, causing the characteristic anterior wedge 
fracture deformity. Landham et  al. suggest that 
the anterior wedge compression fracture occurs 
in a two-stage process, whereby the endplate 
undergoes a sentinel injury, causing a shift in 
load bearing onto the anterior vertebral cortex 
and away from the adjacent intervertebral disc 
and central endplate [36]. With repetitive flexion 
and further cyclic loading, the relatively weak 
anterior cortex and trabecular bone continue to 
collapse, leading to a progressive anterior wedge 
deformity. As discussed previously, the idea of 
fatigue failure and gradual creep deformity can 
also contribute to a resulting anterior wedge VCF. 
The less-dense anterior trabecular bone in osteo-
porosis is gradually compressed under normal 
physiologic loads, causing a preferential defor-
mity of the anterior vertebral body [37]. This is 

likely the reason that a high percentage of patients 
with anterior wedge VCFs do not recall a specific 
overt injury. Of note, anterior wedge fractures 
tend to occur in the thoracic or thoracolumbar 
spine most commonly, followed by the lumbar 
spine [28, 30, 33].

Biconcave fracture patterns are the second 
most common morphological presentation, com-
prising roughly 17% of VCFs [33]. The mecha-
nism by which biconcave fracture patterns occur 
is largely explained by the anatomy of the cranial 
and caudal vertebral endplates discussed previ-
ously. With physiologic aging, the intervertebral 
disc, particularly the nucleus pulposus, changes 
in regard to the relative proteoglycan and water 
content [19–23]. Decreasing proteoglycan and 
water content preferentially affects the outer 
nucleus pulposus, leaving the central portion as 
the only remaining compression-resisting ele-
ment of the disc [19, 20]. The central portion of 
the endplates also happens to be the thinnest and 
most porous area as well, likely in order to supply 
metabolites to the otherwise avascular interverte-
bral discs [38]. Hence, the compressive forces of 

Normal
Vertebrae

Mild Fracture

Moderate Fracture

Severe Fracture

Wedge Biconcavity Crush

Fig. 5.2 Classification system for vertebral compression fractures: Pattern types include anterior wedge, biconcave, 
and crush. (Reproduced from Genant et al. [32] with permission from John Wiley and Sons)
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the central nucleus pulposus on the thin central 
endplates can cause a deformation of the end-
plate [23, 34, 35, 39]. This can be further 
explained by the “creep” deformity or fatigue 
failure theory. While bone displays some visco-
elastic properties to resist permanent deforma-
tion, repetitive microtrauma or compression of 
the nucleus pulposus on the central endplate can 
eventually result in fracture, especially in osteo-
porotic bone where the trabecular bone is also 
weakened. While the cranial endplate does tend 
to fracture first for reasons discussed earlier, the 
eventual progressive fracture of both the cranial 
and caudal endplate in their central-most regions 
results in the characteristic biconcave pattern [8, 
10]. Unlike the anterior wedge or crush-type 
fractures, biconcave VCFs tend to occur more 
commonly in the lumbar spine [28, 30, 33].

Crush-type fracture patterns are the least com-
mon, comprising only an estimated 13% of all 
VCFs [33]. In a crush-type pattern, the entire ver-
tebral body is collapsed. There are several pro-
posed mechanisms by which crush-type fractures 
can occur. The first is an extension of a concept 
discussed earlier, stating that with disc degenera-
tion, more forces are transmitted through the outer 
annulus due to decreased compression resistance 
from the nucleus pulposus [14, 19, 20]. This in 
turn increases the amount of force exerted on the 
relatively weak vertebral cortices [14, 19, 20, 40]. 
When the proper amount of flexion to disengage 
the posterior elements of the vertebral column 
occurs, combined with axial loading, the fracture 
then occurs through the vertebral cortices, causing 
a crush-type fracture. The second theory is one in 
which a biconcave VCF becomes a crush-type 
injury with progressive creep. The two mecha-
nisms differ in that the vertebral endplates will be 
relatively flat in the first theory in which adjacent 
disc degeneration is the culprit for collapse, versus 
a more concave appearance in the second model 
[14]. An extension of the crush-type pattern is a 
burst fracture, which has a similar mechanism of 
injury to the crush-type but with more energy 
transmitted, causing greater displacement of the 
cortices. As in anterior wedge-type VCFs, crush-
type fractures occur most commonly in the tho-
racic or thoracolumbar junction [28, 30, 33].

 Mechanism of Pain in Vertebral 
Compression Fractures

As reported by Cooper et al. in 1992, over 60% 
of all compression fractures that occur do not 
present to a physician at the time of injury [41]. 
These fractures are later discovered inciden-
tally, especially with the advent of three-dimen-
sional CT imaging. Nonetheless, there is a 
significant portion of patients who suffer from 
pain as a result of a VCF. Pain that arises from 
VCFs is multifactorial and can be broken down 
into acute pain that occurs at the time of injury 
and chronic pain that occurs for months or even 
years after the initial insult [42].

In the timeframe immediately following a 
VCF, pain is thought to be mediated by the frac-
ture itself and subsequent inflammation [42–46]. 
The sensation of pain itself originates from the 
nociceptors, which dwell within the periosteum 
and joint capsules. The fracture can cause pain 
via two different mechanisms. The first is direct 
structural damage or compression from damaged 
tissues, while the second is chemically mediated 
by release of inflammatory substances that acti-
vate nociceptive nerve endings [44, 46]. Often, 
patients suffering from this intense, acute pain 
have significant collapse seen on initial imaging 
but will typically not have recurrences of pain or 
prolonged symptoms [42].

In contrast to the group of patients who suffer 
from acute pain are those who have a more chronic 
and cyclic-type pain associated with VCFs. Lyritis 
et al. defined this group as those who have mini-
mal collapsed seen on initial imaging but progres-
sively worsen over a timeframe of months to years 
[42]. The chronic pain associated with VCFs is 
thought to be multifactorial and a result of a more 
gradual biomechanical  disturbance than from the 
initial insult of the fracture itself. The final amount 
of deformity seen on imaging can in fact corre-
spond to the severity and distribution of pain the 
patient describes [47]. With increased kyphosis 
from wedge-type deformities, for instance, it is not 
hard to imagine that this would alter the articula-
tion between adjacent zygapophyseal joints, which 
are rich in nociceptive nerve endings [43, 47]. This 
in turn can lead to long-term facet joint arthrosis 
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and neural irritation [30, 43]. Progressive kyphosis 
may also result in more chronic paraspinous mus-
cle fatigue from both the kyphosis itself, as well as 
from the forward shift of the upper trunk [30]. 
With the severe kyphosis that is often associated 
with multilevel VCFs, chronic pain can result from 
impingement of the rib cage on the pelvic rim [30, 
46]. Not surprisingly, multilevel VCFs are a pre-
dictor for chronic pain, largely in part to the degree 
of increased kyphosis [48].

Vertebral augmentation (i.e., kyphoplasty and 
vertebroplasty) is a commonly accepted though 
somewhat controversial method of treating per-
sistent pain from VCFs. Multiple studies have 
shown that vertebroplasty is as effective or even 
superior to non-operative management in the 
treatment of persistent pain from VCFs (Figs. 5.3 
and 5.4) [30, 49–51]. The mechanism of pain 

relief from vertebral augmentation is thought to 
be due to decreased micromotion and increased 
stabilization at the fracture site [52]. Vertebral 
augmentation may also prevent further collapse 
and increased resistance to compressive forces in 
VCFs, which may also lead to less deformity and 
resulting pain [52].

In order to understand VCFs properly, it is 
essential to have a baseline understanding of the 
relevant anatomy and physiologic forces that act 
upon the non-pathologic vertebral bodies. The 
ability to conceptualize the morphologic classifi-
cation system in terms of these forces is what 
allows clinicians to better assess and treat patients 
with VCFs. In classifying VCFs biomechani-
cally, it allows the clinician the ability to under-
stand the deforming forces that act upon the 
osteoporotic spine and predict further deformity. 
Similarly, knowledge of the mechanism by which 
VCFs cause pain and deformity allows for the 
advancement of future therapeutic measures.

a

b

c

Fig. 5.3 Mechanism of vertebroplasty in the augmenta-
tion of VCFs. (a) Compression fracture demonstrating 
loss in vertebral body height (b) Trochar is inserted 
through pedicle posteriorly into the collapsed vertebral 
body (c) Balloon is inserted into the vertebral body in an 
attempt to restore vertebral body height. (Reproduced 
from Rao and Singrakhia [30], with permission from 
Wolters Kluwer Health, Inc.)

Fig. 5.4 Mechanism of kyphoplasty in the augmentation 
of VCFs. (Reproduced from Rao and Singrakhia [30], 
with permission from Wolters Kluwer Health, Inc.)

5 Biomechanics of Vertebral Compression Fractures



54

References

 1. Ensrud KE, Schousboe JT.  Vertebral fractures. N 
Engl J Med. 2011;364(17):1634–42. https://doi.
org/10.1056/nejmcp1009697.

 2. Riggs Bl, Melton Lj. The worldwide prob-
lem of osteoporosis: insights afforded by epi-
demiology. Bone. 1995;17(5):S505. https://doi.
org/10.1016/8756-3282(95)00258-4.

 3. Fink HA, et  al. What proportion of incident radio-
graphic vertebral deformities is clinically diagnosed 
and vice versa? J Bone Miner Res. 2005;20(7):1216–
22. https://doi.org/10.1359/jbmr.050314.

 4. Melton LJ, et al. Epidemiology of vertebral fractures 
in women. Am J Epidemiol. 1989;129(5):1000–11. 
https://doi.org/10.1093/oxfordjournals.aje.a115204.

 5. Antoniou J, et  al. The human lumbar end-
plate. Spine. 1996;21(10):1153–61. https://doi.
org/10.1097/00007632-199605150-00006.

 6. Aspden RM, et  al. Determination of collagen fibril 
orientation in the cartilage of vertebral end plate. 
Connect Tissue Res. 1981;9(2):83–7. https://doi.
org/10.3109/03008208109160244.

 7. Lotz JC, et al. The role of the vertebral end plate in 
low back pain. Global Spine J. 2013;3(3):153–63. 
https://doi.org/10.1055/s-0033-1347298.

 8. Hou Y, Luo Z.  A study on the structural properties 
of the lumbar endplate. Spine. 2009;34(12):E427. 
https://doi.org/10.1097/brs.0b013e3181a2ea0a.

 9. Zhao F-D, et al. Vertebral fractures usually affect the 
cranial endplate because it is thinner and supported by 
less-dense trabecular bone. Bone. 2009;44(2):372–9. 
https://doi.org/10.1016/j.bone.2008.10.048.

 10. Jiang G, et al. Vertebral fractures in the elderly may 
not always be osteoporotic. Bone. 2010;47(1):111–6. 
https://doi.org/10.1016/j.bone.2010.03.019.

 11. Jensen Ks, et  al. A model of vertebral trabecu-
lar bone architecture and its mechanical prop-
erties. Bone. 1990;11(6):417–23. https://doi.
org/10.1016/8756-3282(90)90137-n.

 12. Smit TH, et  al. Structure and function of vertebral 
trabecular bone. Spine. 1997;22(24):2823–33. https://
doi.org/10.1097/00007632-199712150-00005.

 13. Hulme Pa, et al. Regional variation in vertebral bone 
morphology and its contribution to vertebral frac-
ture strength. Bone. 2007;41(6):946–57. https://doi.
org/10.1016/j.bone.2007.08.019.

 14. Adams MA, Dolan P.  Biomechanics of vertebral 
compression fractures and clinical application. Arch 
Orthop Trauma Surg. 2011;131(12):1703–10. https://
doi.org/10.1007/s00402-011-1355-9.

 15. Pollintine P, et al. Neural arch load-bearing in old and 
degenerated spines. J Biomech. 2004;37(2):197–204. 
https://doi.org/10.1016/s0021-9290(03)00308-7.

 16. Hordon Ld, et  al. Trabecular architecture in women 
and men of similar bone mass with and without 
vertebral fracture: I. two-dimensional histology. 
Bone. 2000;27(2):271–6. https://doi.org/10.1016/
s8756-3282(00)00329-x.

 17. Pollintine P, et  al. Intervertebral disc degeneration 
can lead to stress-shielding of the anterior verte-
bral body. Spine. 2004;29(7):774–82. https://doi.
org/10.1097/01.brs.0000119401.23006.d2.

 18. Mosekilde L. Sex differences in age-related loss of 
vertebral trabecular bone mass and structure – bio-
mechanical consequences. Bone. 1989;10(6):425–32. 
https://doi.org/10.1007/978-1-4612-3450-0_4.

 19. Adams MA, et al. Stress distributions inside interver-
tebral discs. J Bone Joint Surg. 1996;78-B(6):965–72. 
https://doi.org/10.1302/0301-620x.78b6.0780965.

 20. Adams MA, et al. Intervertebral disc degeneration can 
predispose to anterior vertebral fractures in the thora-
columbar spine. J Bone Miner Res. 2006;21(9):1409–
16. https://doi.org/10.1359/jbmr.060609.

 21. Humzah MD, Soames RW. Human intervertebral disc: 
structure and function. Anat Rec. 1988;220(4):337–
56. https://doi.org/10.1002/ar.1092200402.

 22. Roughley PJ. Biology of intervertebral disc aging and 
degeneration. Spine. 2004;29(23):2691–9. https://doi.
org/10.1097/01.brs.0000146101.53784.b1.

 23. Twomey L, Taylor J. Age changes in lumbar interver-
tebral discs. Acta Orthop Scand. 1985;56(6):496–9. 
https://doi.org/10.3109/17453678508993043.

 24. Hansson TH, et al. Mechanical behavior of the human 
lumbar spine. II.  Fatigue strength during dynamic 
compressive loading. J Orthop Res. 1987;5(4):479–
87. https://doi.org/10.1002/jor.1100050403.

 25. Keller TS, et  al. Mechanical behavior of the human 
lumbar spine. I. Creep analysis during static compres-
sive loading. J Orthop Res. 1987;5(4):467–78. https://
doi.org/10.1002/jor.1100050402.

 26. Zioupos P, et al. Microcracking damage and the frac-
ture process in relation to strain rate in human cortical 
bone tensile failure. J Biomech. 2008;41(14):2932–9. 
https://doi.org/10.1016/j.jbiomech.2008.07.025.

 27. Eastell R, et al. Classification of vertebral fractures. 
J Bone Miner Res. 2009;6(3):207–15. https://doi.
org/10.1002/jbmr.5650060302.

 28. Ismail AA, et al. Number and type of vertebral defor-
mities: epidemiological characteristics and relation to 
back pain and height loss. Osteoporos Int. 1999;9(3): 
206–13. https://doi.org/10.1007/s001980050138.

 29. Faciszewski T, Mckiernan F.  Calling all vertebral 
fractures classification of vertebral compression frac-
tures: a consensus for comparison of treatment and 
outcome. J Bone Miner Res. 2002;17(2):185–91. 
https://doi.org/10.1359/jbmr.2002.17.2.185.

 30. Rao RD, Singrakhia MD.  Painful osteo-
porotic vertebral fracture. J Bone Joint 
SurgAm. 2003;85(10):2010–22. https://doi.
org/10.2106/00004623-200310000-00024.

 31. Smith-Bindman R, et  al. A comparison of mor-
phometric definitions of vertebral fracture. J Bone 
Miner Res. 2009;6(1):25–34. https://doi.org/10.1002/
jbmr.5650060106.

 32. Genant HK, et  al. Vertebral fracture assessment 
using a semiquantitative technique. J Bone Miner 
Res. 1993;8(9):1137–48. https://doi.org/10.1002/
jbmr.5650080915.

P. J. Ostergaard and T. D. Cha

https://doi.org/10.1056/nejmcp1009697
https://doi.org/10.1056/nejmcp1009697
https://doi.org/10.1016/8756-3282(95)00258-4
https://doi.org/10.1016/8756-3282(95)00258-4
https://doi.org/10.1359/jbmr.050314
https://doi.org/10.1093/oxfordjournals.aje.a115204
https://doi.org/10.1097/00007632-199605150-00006
https://doi.org/10.1097/00007632-199605150-00006
https://doi.org/10.3109/03008208109160244
https://doi.org/10.3109/03008208109160244
https://doi.org/10.1055/s-0033-1347298
https://doi.org/10.1097/brs.0b013e3181a2ea0a
https://doi.org/10.1016/j.bone.2008.10.048
https://doi.org/10.1016/j.bone.2010.03.019
https://doi.org/10.1016/8756-3282(90)90137-n
https://doi.org/10.1016/8756-3282(90)90137-n
https://doi.org/10.1097/00007632-199712150-00005
https://doi.org/10.1097/00007632-199712150-00005
https://doi.org/10.1016/j.bone.2007.08.019
https://doi.org/10.1016/j.bone.2007.08.019
https://doi.org/10.1007/s00402-011-1355-9
https://doi.org/10.1007/s00402-011-1355-9
https://doi.org/10.1016/s0021-9290(03)00308-7
https://doi.org/10.1016/s8756-3282(00)00329-x
https://doi.org/10.1016/s8756-3282(00)00329-x
https://doi.org/10.1097/01.brs.0000119401.23006.d2
https://doi.org/10.1097/01.brs.0000119401.23006.d2
https://doi.org/10.1007/978-1-4612-3450-0_4
https://doi.org/10.1302/0301-620x.78b6.0780965
https://doi.org/10.1359/jbmr.060609
https://doi.org/10.1002/ar.1092200402
https://doi.org/10.1097/01.brs.0000146101.53784.b1
https://doi.org/10.1097/01.brs.0000146101.53784.b1
https://doi.org/10.3109/17453678508993043
https://doi.org/10.1002/jor.1100050403
https://doi.org/10.1002/jor.1100050402
https://doi.org/10.1002/jor.1100050402
https://doi.org/10.1016/j.jbiomech.2008.07.025
https://doi.org/10.1002/jbmr.5650060302
https://doi.org/10.1002/jbmr.5650060302
https://doi.org/10.1007/s001980050138
https://doi.org/10.1359/jbmr.2002.17.2.185
https://doi.org/10.2106/00004623-200310000-00024
https://doi.org/10.2106/00004623-200310000-00024
https://doi.org/10.1002/jbmr.5650060106
https://doi.org/10.1002/jbmr.5650060106
https://doi.org/10.1002/jbmr.5650080915.
https://doi.org/10.1002/jbmr.5650080915.


55

 33. Black DM, et al. Prevalent vertebral deformities pre-
dict hip fractures and new vertebral deformities but not 
wrist fractures. J Bone Miner Res. 1999;14(5):821–8. 
https://doi.org/10.1359/jbmr.1999.14.5.821.

 34. Holmes Ad, Hukins Dwl. Fatigue failure 
at the disc- vertebra interface during cyclic 
axial compression of cadaveric specimens. 
Clin Biomech. 1994;9(2):133–4. https://doi.
org/10.1016/0268-0033(94)90037-x.

 35. Holmes AD, et  al. End-plate displacement dur-
ing compression of lumbar vertebra-disc-
vertebra segments and the mechanism of 
failure. Spine. 1993;18(1):128–35. https://doi.
org/10.1097/00007632-199301000-00019.

 36. Landham PR, et al. Pathogenesis of vertebral anterior 
wedge deformity. Spine. 2015;40(12):902–8. https://
doi.org/10.1097/brs.0000000000000905.

 37. Pollintine P, et  al. Bone creep can cause progres-
sive vertebral deformity. Bone. 2009;45(3):466–72. 
https://doi.org/10.1016/j.bone.2009.05.015.

 38. Roberts S, et al. Biochemical and structural properties 
of the cartilage end-plate and its relation to the inter-
vertebral disc. Spine. 1989;14(2):166–74. https://doi.
org/10.1097/00007632-198902000-00005.

 39. Brinckmann P, et  al. Deformation of the vertebral 
end-plate under axial loading of the spine. Spine. 
1983;8(8):851–6. https://doi.org/10.1097/00007632- 
198311000-00007.

 40. Rockoff SD, et al. The relative contribution of trabec-
ular and cortical bone to the strength of human lum-
bar vertebrae. Calcif Tissue Res. 1969;3(1):163–75. 
https://doi.org/10.1007/bf02058659.

 41. Cooper C, et  al. Incidence of clinically diagnosed 
vertebral fractures: a population-based study in 
Rochester, Minnesota, 1985–1989. J Bone Miner 
Res. 1992;7(2):221–7. https://doi.org/10.1002/
jbmr.5650070214.

 42. Lyritis GP, et al. Analgesic effect of Salmon calcitonin 
suppositories in patients with acute pain due to recent 
osteoporotic vertebral crush fractures: a prospective 
double-blind, randomized, placebo-controlled clini-
cal study. Clin J Pain. 1999;15(4):284–9. https://doi.
org/10.1097/00002508-199912000-00004.

 43. Bogduk N, et  al. The pain of vertebral compres-
sion fractures can arise in the posterior elements. 

Pain Med. 2010;11(11):1666–73. https://doi.org/ 
10.1111/j.1526-4637.2010.00963.x.

 44. Gennari C, et  al. Use of calcitonin in the treatment 
of bone pain associated with osteoporosis. Calcif 
Tissue Int. 1991;49(S2):S9. https://doi.org/10.1007/
bf02561370.

 45. Knopp JA, et  al. Calcitonin for treating acute pain 
of osteoporotic vertebral compression fractures: a 
systematic review of randomized, controlled trials. 
Osteoporos Int. 2004;16(10):1281–90. https://doi.
org/10.1007/s00198-004-1798-8.

 46. Silverman S. The clinical consequences of vertebral 
compression fracture. Bone. 1992;13:S27. https://doi.
org/10.1016/8756-3282(92)90193-z.

 47. Doo T-H, et  al. Clinical relevance of pain patterns 
in osteoporotic vertebral compression fractures. 
J Korean Med Sci. 2008;23(6):1005. https://doi.
org/10.3346/jkms.2008.23.6.1005.

 48. Huang C.  Vertebral fracture and other predictors 
of physical impairment and health care utilization. 
Arch Intern Med. 1996;156(21):2469–75. https://doi.
org/10.1001/archinte.156.21.2469.

 49. Klazen CA, Lohle PN, De Vries J, et  al. 
Vertebroplasty versus conservative treatment in 
acute osteoporotic vertebral compression fractures 
(Vertos II): an Open-Label Randomised Trial. Lancet. 
2010;376(9746):1085–92. Epub 2010 Aug 9.” The 
Spine Journal, vol. 11, no. 1, 2011, pp. 88–88. https://
doi.org/10.1016/j.spinee.2010.11.011.

 50. Blasco J, et al. Effect of vertebroplasty on pain relief, 
quality of life, and the incidence of new vertebral frac-
tures: a 12-month randomized follow-up, controlled 
trial. J Bone Miner Res. 2012;27(5):1159–66. https://
doi.org/10.1002/jbmr.1564.

 51. Lieberman I.  Vertebral augmentation for osteopo-
rotic and osteolytic vertebral compression fractures: 
vertebroplasty and kyphoplasty. Advances in Spinal 
Stabilization. Prog Neurol Surg. 2003:240–50. https://
doi.org/10.1159/000072646.

 52. Bostrom MPG, Lane JM.  Future directions: 
augmentation of osteoporotic vertebral bod-
ies. Spine. 1997;22(Supplement):38S. https://doi.
org/10.1097/00007632-199712151-00007.

5 Biomechanics of Vertebral Compression Fractures

https://doi.org/10.1359/jbmr.1999.14.5.821
https://doi.org/10.1016/0268-0033(94)90037-x
https://doi.org/10.1016/0268-0033(94)90037-x
https://doi.org/10.1097/00007632-199301000-00019
https://doi.org/10.1097/00007632-199301000-00019
https://doi.org/10.1097/brs.0000000000000905
https://doi.org/10.1097/brs.0000000000000905
https://doi.org/10.1016/j.bone.2009.05.015
https://doi.org/10.1097/00007632-198902000-00005
https://doi.org/10.1097/00007632-198902000-00005
https://doi.org/10.1097/00007632-198311000-00007.
https://doi.org/10.1097/00007632-198311000-00007.
https://doi.org/10.1007/bf02058659
https://doi.org/10.1002/jbmr.5650070214.
https://doi.org/10.1002/jbmr.5650070214.
https://doi.org/10.1097/00002508-199912000-00004
https://doi.org/10.1097/00002508-199912000-00004
https://doi.org/10.1111/j.1526-4637.2010.00963.x
https://doi.org/10.1111/j.1526-4637.2010.00963.x
https://doi.org/10.1007/bf02561370
https://doi.org/10.1007/bf02561370
https://doi.org/10.1007/s00198-004-1798-8
https://doi.org/10.1007/s00198-004-1798-8
https://doi.org/10.1016/8756-3282(92)90193-z
https://doi.org/10.1016/8756-3282(92)90193-z
https://doi.org/10.3346/jkms.2008.23.6.1005
https://doi.org/10.3346/jkms.2008.23.6.1005
https://doi.org/10.1001/archinte.156.21.2469
https://doi.org/10.1001/archinte.156.21.2469
https://doi.org/10.1016/j.spinee.2010.11.011
https://doi.org/10.1016/j.spinee.2010.11.011
https://doi.org/10.1002/jbmr.1564
https://doi.org/10.1002/jbmr.1564
https://doi.org/10.1159/000072646.
https://doi.org/10.1159/000072646.
https://doi.org/10.1097/00007632-199712151-00007
https://doi.org/10.1097/00007632-199712151-00007


57© Springer Nature Switzerland AG 2020 
A. E. Razi, S. H. Hershman (eds.), Vertebral Compression Fractures in Osteoporotic  
and Pathologic Bone, https://doi.org/10.1007/978-3-030-33861-9_6

Osteoporotic Vertebral 
Compression Fractures

Ahmed Saleh and Michael Collins

Osteoporotic vertebral compression fractures 
(OVCFs) are frequently encountered in clinical 
practice. As the population continues to age and 
the number of people living past the age of 65 
continues to increase, osteoporotic compression 
fractures will continue to be a significant concern 
to the medical provider. These fractures often 
require multidisciplinary care, including primary 
care physicians, radiologists, endocrinologists, 
spinal surgeons, and nursing.

Osteoporosis and osteopenia are major public 
health concerns in the United States and are esti-
mated to effect 54 million Americans or approxi-
mately 55% of the people over the age of 50. By 
the year 2020, it is estimated that there will be 
121 million people in the United States over the 
age of 50, with an estimated 14 million having 
osteoporosis [1, 2]. Currently, the cost of osteo-
porotic fractures is nearly $19 billion annually, 
and this number expected to increase to $25 bil-
lion by the year 2025 [1].

It is important to note that there are different 
types of osteoporosis. Type I, also known as post-
menopausal osteoporosis, is found in the trabecu-
lar bone of women and hypogonadal men less 
than 60 years of age. Type II, or senile osteoporo-

sis, is seen in both men and women over the age 
of 65 and is found in the cortical bone. Type III is 
osteoporosis secondary to any other underlying 
pathology – this form is a result of medications 
and various disease states. One may find elevated 
endogenous or exogenous cortisol in this form of 
osteoporosis.

Osteoporotic vertebral compression fractures 
are extremely common; they occur at a rate ten 
times higher than that of femoral fractures in 
Japan, and many occur without a fall or anteced-
ent trauma [3, 4]. Racial, ethnic, and dietary dif-
ferences play a role in the incidence and prevalence 
of vertebral compression fractures. Studies have 
demonstrated that Japanese women have both a 
higher prevalence of vertebral fractures and a 
higher likelihood of sustaining two or more verte-
bral compression fractures than American women 
[4]. Additionally, people in Japan develop verte-
bral compression fractures at nearly twice the rate 
of their European counterparts [3, 4].

Different parts of the world exhibit different 
rates of osteoporotic vertebral compression frac-
tures. Eastern Europe has a rate of 18%, while 
Scandinavia has a rate of 26%. North America 
has a rate of 20–24% with Caucasian women 
having a higher rate than African-American 
women, the ratio between the two being approxi-
mately 1.6. Latin America has a rate of 11–19%.

Osteoporosis is more common in women. One 
in every two women and one in every four men 
over the age of 50 in the United States will break 
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a bone secondary to osteoporosis [1]. In the 
United States, a woman older than 50 has a 40% 
chance of developing an osteoporotic compres-
sion fracture in her lifetime. Radiographic studies 
show that 8–13% of women in their 60s and 
30–40% of women in their 70s are found to have 
evidence of vertebral compression fractures on 
plain radiographs in epidemiological studies [3].

OVCFs are diagnosed radiographically by 
having a loss of more than 4 mm or 20% of the 
vertebral body height on plain films [5]. Back 
pain is the primary symptom; however the sever-
ity can vary greatly among individuals who sus-
tain fractures. In fact, a large portion of fractures 
remain asymptomatic. Symptomatic back pain is 
found in only 25–33% of patients with vertebral 
compression fractures [6, 7].

A decrease in bone mineral density is a risk 
factor for OVCF.  However, a decrease in bone 
mineral density does not necessarily predict who 
will eventually fracture. Risk factors identified 
by the World Health Organization (WHO) 
include age, personal and family history of frac-
ture, heavy alcohol use, chronic steroid use, rheu-
matoid arthritis, and smoking [3, 8]. The United 
States Preventative Services Task Force 
(USPSTF) recommends screening for osteoporo-
sis in women aged 65  years and older and in 
younger women whose fracture risk is equal to or 
greater than that of a 65-year-old white woman 
with no additional risk factors [9]. Screening is 
also recommended for men age 70 and older as 
well as men younger than the age of 70 with risk 
factors for low bone mass such as prior fracture, 
high-risk medication consumption, low body 
weight, or conditions associated with bone loss.

DEXA scores come into play when evaluating 
bone mineral density on scans. The two numbers 
given are the T-score and the Z-score. The T-score 
compares the bone density of the patient to that 
of normal young adult female bone. The T-score 
represents how many standard deviations away 
from the mean a patient’s bone density is, assum-
ing a Gaussian distribution. The Z-score com-
pares the bone density of the patient with that of 
age-matched controls. A T-score greater than or 
equal to −1.0 is considered normal. T-scores 
between −1.0 and −2.5 indicate low bone mass 

or osteopenia. While other factors may also con-
fer a diagnosis of osteoporosis, a patient meets 
WHO criteria for a diagnosis of osteoporosis 
with a T-score that is less than −2.5.

Frailty is defined as the accumulation of age- 
related deficits in different physiological systems 
leading to greater risks of adverse health out-
comes, such as falls, fractures, hospitalizations, 
loss of independence, and death [10]; OVCFs 
have been implicated to be a marker of frailty. 
Low-trauma fractures related to osteoporosis 
have been shown to increase frailty. There are 
gender differences present in the development of 
frailty. Hip fractures and vertebral compression 
fractures both have significant and similar influ-
ence on the progression of frailty in women. 
When the same two fractures were looked at in 
men, first-time hip fractures had an impact on the 
progression of frailty, but initial vertebral com-
pression fractures did not.

Other than aging, gender, and racial factors, 
medication can also play a role in the develop-
ment of osteoporotic compression fractures. 
Systemic corticosteroid use has been shown to 
decrease bone mineral density [11]. Chronic oral 
glucocorticoid therapy is the most common form 
of secondary osteoporosis, leading to increased 
risk for osteoporotic fractures [12]. Chronic glu-
cocorticoid therapy significantly influences lum-
bar bone density T-scores and bone mineral 
density (BMD). Studies show that bone loss and 
alterations of bone occur at higher doses irre-
spective of the method of administration [12]. 
Oral glucocorticoids are associated specifically 
with a higher incidence of vertebral compression 
fractures [12, 13].

Epidural steroid injections can also lead to an 
increased risk for vertebral compression fractures 
in those individuals at risk for osteoporotic frac-
tures [10]. This should be taken in consideration 
when administering such injections and should 
be used with caution in those with an increased 
risk of sustaining these fractures.

Although these fractures are primarily associ-
ated with pain and an overall decline in function, 
osteoporotic vertebral compression fractures can 
also be associated with neurologic compromise 
[12, 14]. A study examined 28 patients with 
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osteoporotic vertebral compression fractures that 
required surgery due to neurologic compromise. 
These patients had significant neurologic com-
promise including the inability to ambulate, the 
ability to ambulate only with significant assis-
tance, and sphincter disturbances. It is important 
to keep in mind that these neurological manifes-
tations are often delayed in the setting of verte-
bral compression fractures. OVCFs with 
neurologic symptoms were associated with retro-
pulsion caused by an average canal compromise 
of 36.5% in the aforementioned study [14].

Vertebral compression fractures often go 
undiagnosed [12]. Some fractures may cause 
minimal symptoms or be asymptomatic alto-
gether, leading to many fractures being discov-
ered incidentally. These asymptomatic and 
undiagnosed vertebral compression fractures still 
have a high association and an increased risk of 
additional osteoporotic fractures at the same site 
or different sites of the body [12].

Different tools are used in assessing risk for 
vertebral compression fractures. Commonly, 
used measurements are femoral and lumbar 
T-scores. Capozzi et  al. showed a correlation 
between age and femoral T-scores but did not 
find a correlation between lumbar spine T-scores 
and a patient’s age [12]. One thought is that the 
lumbar bone density reading can be affected by 
arthrosis, osteoarthritis, or calcification, while 
the femoral T-score is less affected by this.

Body mass index (BMI) has also been shown 
to have a significant correlation with femoral 
T-scores and bone mineral density. Fat tissues 
have a positive effect on bone preservation by 
converting androgens to estrogens peripherally, 
therefore resulting in a protective effect on bone 
density [12]. Other risk factors include smoking, a 
family history of fractures, alcohol consumption, 
and other causes of secondary osteoporosis [12].

Percutaneous vertebroplasty is somewhat con-
troversial but has been shown to be an effective 
minimally invasive treatment option for symp-
tomatic vertebral compression fractures. This 
technique involves injecting polymethyl methac-
rylate into the fractured vertebral body providing 
fracture stability and pain relief. There are advan-
tages and disadvantages associated with this and 

other cement augmentation techniques; however, 
this topic is outside the scope of this chapter and 
will be discussed thoroughly elsewhere in this 
book.

Lumbar degenerative disc disease and lumbar 
spinal stenosis are very common problems that 
spinal surgeons are faced with treating. These 
conditions are much more prevalent in patients 
over 55 years of age, which is also the group of 
people in whom osteoporosis is more common 
[15]; a significant portion of stenosis patients who 
are symptomatic will require surgery. Two broad 
categories of operative treatment include decom-
pression alone and decompression with fusion 
[15]. One study investigated the association with 
lumbar decompression surgery and subsequent 
vertebral body compression fractures [15]. They 
found that lumbar decompression alone without 
fusion did not place patients at a higher risk for 
sustaining vertebral compression fractures in the 
future. However, they found that instrumenting 
the spine in addition to the decompression was 
associated with a higher rate of vertebral body 
compression fractures within one or two vertebral 
segments of the instrumentation [15]. Patients 
were at a higher risk of sustaining a subsequent 
vertebral body fracture regardless of the implant 
[15, 16]. Even a one-level interspinous stabiliza-
tion device was associated with a higher rate of 
sustaining a subsequent fracture [16].

Low bone mass is widely accepted as a risk 
factor for vertebral compression fractures and 
osteoporosis [17]. It is a condition which is often 
asymptomatic until one suffers sequelae such as a 
vertebral body fracture or hip fracture [17, 18]. 
An individual’s peak bone mass is typically 
found between the ages of 20 and 30. Individuals 
who reach lower peak bone mass compared to 
their peers are at higher risk for fracture later in 
their lifetime [19, 20]. Increased risk is largely 
due to genetic factors [21]. Additionally, being 
female has a large role in one’s susceptibility to 
osteoporosis. These factors are non-modifiable 
but should be considered when treating and 
screening patients [22].

Patients and providers should also be aware of 
modifiable risk factors. Influences to consider 
include physical activity, body composition, and 
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dietary intake of nutrients such as calcium and 
vitamin D. Although there is not a clear conclu-
sion on what the proper amount of calcium intake 
is among males, females, races, or age groups, 
low calcium intake has been shown to be a sig-
nificant risk factor for the development of osteo-
porosis, and it should be addressed with 
supplementation in at risk patients [19]. 
Additionally, individuals with metabolic deficits 
of calcium absorption such as a past history of 
bariatric surgery should not be ignored [17].

Vitamin D deficiency is another risk factor 
for the development of osteoporosis that can be 
modified. Vitamin D helps in the absorption of 
calcium in the intestine and thus can help 
decrease the risk for osteoporosis. Additionally, 
Vitamin D has positive effects on calcium 
metabolism and bone strength [17]. Similar to 
calcium, the best way to screen for vitamin D 
deficiency is not clear, nor are the values for 
determining the threshold for deficiency [22]. 
Although vitamin D deficiency may be recog-
nized, the appropriate amount of supplementa-
tion for those needing it remains unanswered 
[23]. Adequate intake of protein and fruit can 
help to decrease the risk of fracture by having a 
benefit on bone mass in young adults [19]. Milk 
consumption has been shown to have a positive 
effect on bones in adolescent girls as well [32]. 
Like calcium and vitamin D, however, the ideal 
intake is unknown.

Alcohol consumption and tobacco smoking 
are factors that can increase the risk of osteoporo-
sis and, thus, vertebral compression fractures [24, 
25]. Both have been shown to have direct negative 
effects on bone as well as other organs and organ 
systems. This is particularly important to consider 
in growing individuals as it can hinder reaching 
one’s optimal peak bone mass during young 
adulthood [24, 25]. Consumption of greater than 
four alcoholic beverages a day has been shown to 
have a negative effect on bone; even consumption 
of more than two alcoholic beverages daily 
increases one’s risk of sustaining an osteoporotic 
fracture secondary to both the direct effect on 
bone itself and the decreased coordination leading 
to fall risk [24, 33]. Smoking has a direct negative 
effect on osteoblasts, upregulation of receptor 

activator of nuclear factor-kB (RANKL), altera-
tions in calciotropic hormones, and decreased 
intestinal calcium absorption [34]. Additionally, 
there is a large group of smokers who are physi-
cally inactive and have lower body weights, both 
of which increase fracture risk [17].

Physical activity may decrease the risk of 
OVCF; people have developed a more sedentary 
lifestyle in the modern day, and this lack of activ-
ity leads to an increased risk of lower bone den-
sity and lower peak bone mass [26]. Specifics on 
the duration and intensity of physical activity 
remain unanswered, but physical activity has 
been shown to have favorable results on BMD 
and peak bone mass [27].

As touched on before, patients with a lower 
T-score are at an increased risk for osteoporotic 
fractures [28]. It is important to recognize that 
there are many fractures that occur in patients 
that have a decreased T-score but who do not 
meet the T-score criteria for a diagnosis of osteo-
porosis [29].

FRAX, another assessment tool in fracture 
risk, is a computer-based algorithm that gives a 
patient’s 10-year probability of a major fracture 
(defined as forearm, proximal humerus, or verte-
bral compression fracture) [30]. This is another 
useful tool to help recognize patients at increased 
risk for sustaining osteoporotic vertebral com-
pression fractures and osteoporotic fractures 
overall. Several factors are considered in FRAX 
such as prior fractures, BMI, age, smoking his-
tory, alcohol consumption, chronic use of gluco-
corticoids, rheumatoid arthritis, parental history 
of hip fracture, and other secondary causes of 
osteoporosis [17].

Another modifiable factor is the use of anti- 
osteoporotic drugs. Although medications are 
widely available, it has been observed that a 
large number of patients who are at risk for 
osteoporotic fractures and could benefit from 
treatment with such medications are not being 
treated [31, 32]. It has been shown in Europe that 
even in its best-performing country, the gap 
between diagnosis and treatment was 25%. Most 
countries in Europe showed a treatment gap of 
40–95% with an overall average of 50% across 
countries in the European Union which tend to 
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have adequate resources [31, 32]. Minimizing 
this gap could lead to a decrease in overall osteo-
porotic fracture risk. Despite the possibility of 
side effects from the medications, the benefit of 
decreasing fracture risk is reported to be between 
30% and 70%.

Several factors can influence the risk of devel-
oping osteoporotic vertebral compression frac-
tures, some are modifiable, and others are not. 
Healthcare providers should be knowledgeable 
about both in order to spread awareness to others 
in healthcare as well as to patients. An attempt to 
address modifiable factors should be performed 
in order to help reduce the incidence of these oth-
erwise preventable injuries.
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 Introduction

Vertebral compression fractures (VCF) are com-
mon and can cause significant morbidity and uti-
lization of healthcare resources. Approximately 
one quarter of all postmenopausal women in the 
United States will sustain a VCF at some point. 
Osteoporotic bone is the most common culprit 
for these injuries, which typically occur by dis-
proportionately low-energy mechanisms. The 
term pathologic vertebral compression fracture 
(pVCF) historically excludes osteoporosis in its 
definition. Etiologies for pVCF include primary 
spine tumors, metastatic disease to the axial skel-
eton, infection, and dysregulations in bone 
metabolism, such as Paget’s disease.

The diagnosis of VCF is made with a combina-
tion of history and imaging modalities. However, 
differentiation between VCF and pVCF can be 
difficult radiographically, especially if the finding 
prompts the initial suspicion for a pathologic 
state. The goal of management in pVCF is pain 
control, preservation of mobility and neurologic 

function, and avoidance of symptomatic defor-
mity. Currently, the clinician is afforded an array 
of nonsurgical, minimally invasive, and open sur-
gical techniques to treat patients with VCF.  A 
consideration of the underlying pathology and 
baseline patient function is critical when choosing 
management for patients with pVCF. The scope 
of this chapter will focus on pVCF caused by met-
astatic disease and is intended to review the diag-
nosis and management of pVCF caused by 
metastatic disease.

 Metastatic Disease in the Spine

There are an estimated 8.2 million cancer deaths 
worldwide each year; approximately 600,000 of 
those deaths occur in the United States [1]. After 
the liver and lungs, the skeletal system is the third 
most common site of metastatic disease. One 
study estimated 280,000 people in the United 
States live with bone metastases [2]. The mecha-
nism of bone metastasis has been elucidated 
through a large body of research – a tumor’s affin-
ity for bone includes its vascularity, a molecular 
attraction to marrow stromal cells, and the depot 
of growth factors available in the bone [3, 4]. The 
spine is the most commonly observed location for 
metastatic disease within the skeletal system; this 
was first described by Batson who postulated and 
reported a redundant, valveless venous plexus as 
the reason for this observation [5].
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The thoracic and thoracolumbar spine are the 
most common sites of metastatic involvement, 
with less than 10% of spinal metastases occur-
ring in the cervical spine [6]. However, metasta-
ses to the thoracic and cervical spine are the most 
likely to cause neurologic impairment due to the 
relative size of the spinal canal and neuroforam-
ina. The relentless advance of metastatic disease 
in the spine leads to a spectrum of worsening 
symptoms and sequelae. The initial seeding of 
metastatic disease within the spine is often 
asymptomatic and, depending on the location 
within the vertebra, may have little initial impli-
cations on the structural stability on the vertebral 
column. Similar to fractures in other locations, 
vertebral compression fractures occur after meta-
static spine disease has progressed to the point 
that physiologic loads are no longer tolerated by 
the vertebral structure. In the absence of a retro-
pulsed bony fragment (pathologic burst fracture) 
or epidural tumor burden, a pVCF rarely causes 
spinal cord dysfunction. However, radicular pain 
is frequently present due to foraminal stenosis.

 Diagnosis of Pathologic Vertebral 
Compression Fractures

 History

The patient’s clinical scenario and history help 
form the foundation to an accurate diagnosis of 
pVCF. Traumatic compression fractures typically 
occur in the thoracolumbar junction and are most 
often caused by axial load forces. In healthy 
patients with normal bone density, it can require 
considerable energy to cause a VCF; identification 
of a VCF in a young patient most commonly 
occurs after high-energy blunt trauma. Although 
blunt trauma can precede a diagnosis of pVCF, 
pathologic fractures frequently occur with physi-
ologic loading. The mechanism of injury is an 
important component of the history as it can alert 
the clinician to an incompetent vertebral column.

The hallmark of pVCF due to metastatic dis-
ease is pain (usually atraumatic onset or after 
low-energy trauma), often at night, and exacer-
bated by movement [7]. The prevalence of low 

back pain in the general population can make it 
difficult to discriminate mechanical/arthritic 
pain from pathologic pain in patients with a his-
tory of cancer. Clinicians must be aware of the 
“red flag” symptoms, such as night pain, pro-
gressively worsening pain, or pain out of propor-
tion to injury. This is especially true for patients 
without a history of cancer as spinal metastasis 
are the initial finding in up to 20% of cancer 
diagnoses [8].

Further imaging should be obtained if a patient 
has low back pain and a prior oncologic history. 
Premkumar et  al. showed that there is a 10% 
chance of spinal malignancy if both an oncologic 
history and low back pain are present [9]. Imaging 
is also warranted if a patient has a history of spi-
nal metastases and presents with new or worsen-
ing back or neck pain. Pain at a different segment 
of the spine could indicate a non-contiguous 
pVCF, and significantly worsening pain could 
result from a contiguous pVCF or progression of 
the known metastases.

 Physical Examination

A comprehensive, documented physical exam is 
necessary to establish the diagnosis, inform clini-
cal decisions, and provide longitudinal care. 
Inspection of the patient’s gait upon arrival to the 
examination room can clue the examiner to the 
degree of functional impairment that the patient 
is experiencing. The clinical posture in the sagit-
tal plane can illustrate how much kyphosis may 
be present during ambulation.

Spinal palpation is notoriously unreliable and 
has poor interrater reliability. However, a com-
prehensive systematic review by Seffinger et al. 
found that pain provocation maneuvers are more 
reliable [10]. In that same study, landmark palpa-
tion had intermediate reliability, and paraspinal 
soft-tissue pain was found to be the least reliable. 
It is the authors’ opinion that pain with spinous 
process palpation is useful for correlation to 
imaging studies; therefore, a non-tender spinous 
process plays little role in the evaluation of a 
patient with back pain. The physical exam should 
thoroughly interrogate the nerve root’s motor and 
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sensory function. Patellar reflexes, Babinski’s 
maneuver, and ankle clonus should be performed 
to discriminate upper and lower motor neuron 
involvement.

 Imaging

The major categories of imaging available to 
screen for pVCF include plain film radiography 
(XR), multi-detector computer tomography 
(MD-CT), and magnetic resonance imaging 
(MRI). Plain films are helpful to understand the 
spinal alignment in the sagittal and coronal 
planes under physiologic loading. While cost- 
effective, plain films are not sensitive or specific 
enough to detect metastatic disease of the spine. 
By the time the pathologic process is apparent on 
plain films, up to half of the trabecular bone has 
been replaced with tumor [11]. The classic 
“winking owl” finding of pediculosis on the 
anterior- posterior view usually indicates a pro-
longed involvement of metastatic disease in that 
vertebra.

If history and physical exam raise concern 
for a pVCF due to metastatic disease, MRI is the 
screening modality of choice. Although MD-CT 
provides a better understanding of the osseous 
structures, MD-CT has an unfavorable sensitiv-
ity of 66% [8]. MRI better delineates the soft-
tissue structures and the relationship of the 
tumor with respect to the sensitive neural ele-
ments. The authors recognize the recommenda-
tion for MRI as a screening tool carries a 
potential for overuse; however, a careful history 
and comprehensive physical exam can establish 
an appropriate pretest probability helping to 
determine where MRI can be usefully employed 
as a screening tool.

Differentiating between benign (osteoporotic 
or traumatic) and pathologic VCF can be diffi-
cult on MRI (Table 7.1). This is especially true 
for acute compression fractures, where the short-
tau inversion recovery (STIR) sequences show 
high- intensity signal, similar to pVCF. However, 
studies using early MRI technology (1.5T) 
noticed a more homogenous appearance and 
complete absence of marrow signal on STIR in 

pVCF [12]. In another study using a 1.5T mag-
net, Jung et al. found the following characteris-
tics in metastatic pVCF: (1) convex posterior 
border of the vertebral body, (2) abnormal signal 
intensity of the pedicle or posterior elements, 
and (3) epidural mass (Fig. 7.1) [13]. In contrast, 
acute osteoporotic compression fractures had 
areas of spared bone marrow signal, a low signal 
intensity band on T1 and T2 sequences, and a 

Table 7.1 Characteristics on magnetic resonance imag-
ing (MRI) used to discriminate between traumatic/osteo-
porotic vertebral compression fractures and pathologic 
compression fractures due to metastatic disease

Pathologic VCF Acute/subacute VCF
Homogenous marrow 
signal intensity

Nonhomogenous marrow 
signal intensity

Convex posterior 
vertebral body border

Retropulsion of posterior bony 
elements (burst component)

Epidural mass 
extension

Low signal intensity band on 
T1 and T2 sequences

Fig. 7.1 Sagittal T2 sequence magnetic resonance image 
(MRI) of a 69-year-old man with a history of hepatocel-
lular carcinoma in remission who presented with low back 
pain found to have a L3 pathologic vertebral compression 
fracture. A homogenous marrow appearance and exten-
sion of the mass into the epidural space are noted
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component of retropulsion of the posterior ele-
ments (Fig.  7.2). If the conventional MRI 
sequences are equivocal, a dynamic contrast-
enhanced MRI has been shown to help differen-
tiate between benign acute and pathologic 
compression fractures [14].

If imaging demonstrates concern for meta-
static pVCF, the oncologic status of the patient 
would influence the subsequent clinical deci-
sions. Patients with evidence of spinal metastases 
on imaging but without a previous cancer diagno-
sis should undergo local and remote staging 
including MRI of the entire spine to look for non- 
contiguous metastases; MD-CT of the chest, 
abdomen, and pelvis to screen for a source tumor; 
and laboratory tests including complete blood 
counts; creatinine, serum, and urine electropho-
resis; and a thyroid panel. For patients with a 
known cancer history but without metastasis, a 
tissue sample is necessary to confirm the source 
of spinal metastasis. The authors recommend 

close collaboration with radiology as open biopsy 
is often unnecessary and can be supplanted by 
image-guided (CT or fluoroscopic) core-needle 
biopsy. A new finding of spinal metastasis in a 
patient with known spinal metastasis can be pre-
sumed to originate from the known source and 
treated accordingly.

 Management of Pathologic 
Vertebral Compression Fractures

The goal of management in pVCF is to safely 
minimize pain and restore function while recog-
nizing the high potential morbidity of this disease 
state. A treatment plan should consider treatment 
of the fracture and any sequelae (deformity or 
stenosis) alongside treatment of the metastatic 
tumor. These two considerations overlap substan-
tially because successful fracture union requires 
eradication of the pathologic tissue in the verte-
bral body. The most important initial consider-
ation in the treatment of pVCF is the degree of 
spinal canal involvement by the tumor. In a land-
mark study by Patchell et al., a clear functional 
benefit was shown for patients with current or 
impending spinal cord compression treated with 
surgical decompression and stabilization (unless 
the tumor was exquisitely radiosensitive) [15]. 
Patients in this scenario should be educated about 
the relative morbidity of surgical treatment and 
adjuvant radiotherapy in context with the 
expected functional benefits.

Although there is high-quality data to support 
treatment decisions for patients with pVCF and 
neurologic instability, there is less robust data 
available to define and prognosticate biomechan-
ical instability conferred by pVCF. For example, 
the revised Tokuhashi scoring system incorpo-
rates tumor histology, overall function, and the 
number and site of metastases to create a prog-
nostic score but does not consider morphologic 
characteristics of the spine [16]. The Spinal 
Instability in Neoplastic Score (SINS) considers 
several biomechanical factors, including the 
alignment of the spine, degree of vertebral body 
collapse, posterior vertebral element involve-
ment, and location of the metastatic disease 

Fig. 7.2 Sagittal T2 sequence magnetic resonance image 
(MRI) of a 71-year-old woman with osteoporosis who 
presented with a subacute L1 osteoporotic vertebral com-
pression fracture. Nonhomogenous marrow intensity and 
a retropulsion component are noted
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within the spine [17]. The calculated score pro-
vides a more objective measure of biomechanical 
instability for the clinician. A pVCF that receives 
a SINS of “indeterminate” or “unstable” (more 
than 6 points) warrants consultation from a spine 
surgeon to determine whether surgical stabiliza-
tion is necessary prior to treatment of the spinal 
metastasis.

If the metastatic disease responsible for a 
pVCF does not portend imminent neurologic or 
biomechanical instability risk, more measured 
options are available for treatment. In this sce-
nario, radiotherapy is the mainstay of treat-
ment. Radiotherapy successfully treats the pain 
from bone metastasis in approximately 75% of 
patients [18]. The success of radiotherapy is 
directly related to the radiosensitivity of the 
tumor. Lymphoma and multiple myeloma have 
the most robust response to radiotherapy, 
whereas metastases from solid-organ malig-
nancy typically respond less favorably to radio-
therapy. Chemotherapy is not commonly used 
as the primary treatment of spinal metastasis 
except when the tumor histology has demon-
strated a dramatic response to chemotherapeu-
tic agents, such as germ-cell tumors and 
neuroblastoma.

Following treatment for metastatic disease in 
the spine, the patient should be reevaluated to 
determine the degree of dysfunction and pain 
from the remaining fractured vertebra. The 
authors recommend bracing as a therapeutic 
modality for comfort only; however it should be 
noted that there is no high-quality data suggest-
ing bracing will prevent the kyphotic sequela of 
pVCF. If pain from the pVCF is a persistent limi-
tation, kyphoplasty or vertebroplasty may ame-
liorate some of the symptoms and improve 
function. Berenson et  al. performed a random-
ized controlled trial comparing percutaneous ver-
tebral augmentation with non-operative 
management for patients with cancer and VCF 
[19]. They reported an improvement in patient- 
reported disability and quality of life for those 
who received cement augmentation and few 
adverse events. It is important to recognize cer-
tain contraindications to kyphoplasty or vertebro-
plasty, including a vertebral height that limits 

safe transpedicular access to the vertebral body, 
multiple contiguous levels, and posterior cortex 
disruption as these increase the risk of the 
procedure.

 Conclusion

Metastatic disease of the spine resulting in 
pVCF is relatively common. This condition 
most often occurs in the thoracic or thoracolum-
bar spine, and the predilection of spine involve-
ment is likely due to a combination of vascularity 
and availability of growth factors within the ver-
tebral trabecular bone. Any patient presenting 
with weight loss, night pain, atraumatic back 
pain, or a disproportionate degree of pain with-
out a history of malignancy should receive fur-
ther work- up as spinal metastasis is often the 
initial finding in malignancy diagnoses. Patients 
with a history of malignancy who present with 
back pain should have a neurologic exam docu-
mented and an MRI to screen for metastatic 
disease.

MRI is the most sensitive modality to con-
firm the diagnosis of pVCF. As discussed ear-
lier, homogenous marrow involvement and a 
convex posterior vertebral body border help dis-
criminate a metastatic pVCF from acute or sub-
acute traumatic/osteoporotic VCF. The treatment 
of pVCF is dependent on the degree of neuro-
logic and biomechanical instability. High-
quality evidence demonstrates that patients with 
pVCF and spinal cord compression have better 
functional outcomes after surgical treatment and 
adjuvant radiotherapy. The SINS is a helpful 
tool to objectively determine the degree of bio-
mechanical instability. Patients without neuro-
logic or biomechanical instability should 
undergo treatment directed at eradicating the 
spinal metastatic disease that caused pVCF; 
most commonly, this is accomplished with 
radiotherapy. Following successful treatment of 
the metastatic spinal tumor, patients with con-
tinued pain from pVCF can undergo percutane-
ous vertebral cement augmentation which has 
been shown to have a high likelihood of benefit 
with relatively low risk.
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History, Physical Exam, 
and Differential Diagnosis 
of Vertebral Compression Fracture

Michael Dinizo and Aaron Buckland

 Introduction

Osteoporotic vertebral compression fractures 
(VCFs) are associated with pain, physical defor-
mity, worsening social function, decreased self- 
esteem, impaired quality of life, and increased 
morbidity and mortality [1]. VCFs are a warning 
of subsequent osteoporotic fracture because they 
occur both earlier and more frequently than other 
fragility fractures. Patients with a single VCF 
have a fivefold increase of future vertebral frac-
ture and a threefold increased risk of sustaining a 
hip fracture [2, 3].

VCF treatment varies widely from non- 
operative symptomatic management to vertebral 
augmentation procedures and surgical interven-
tion. Treatment decisions are based on the symp-
toms, etiology, and chronicity of the VCF, making 
a timely and accurate diagnostic evaluation criti-
cal for treatment success. In addition, patients 
with a VCF often require interdisciplinary and 
multimodal treatment that necessitates proper 
clinical assessment, imaging, laboratory testing, 

and subspecialist referral. As patients with a VCF 
often seek the care of an orthopedic or spine sur-
geon, these practitioners are in a unique position 
to identify patients who are at high risk for fur-
ther fragility fractures and, therefore, can initiate 
the workup to diagnose, treat, and prevent future 
fractures. Unfortunately, when presented with 
these patients, physicians are not always 
acquainted with the appropriate course of action. 
In a study of patients with a low-energy VCF ini-
tially presenting to a spine surgeon, only 60% of 
surgeons ordered a DEXA scan, only 39% initi-
ated a metabolic laboratory evaluation, and only 
63% referred the patient to a primary care physi-
cian or endocrinologist for further treatment [4].

Despite the critical importance of detecting 
VCFs, these fractures remain under diagnosed 
[5]. The differential diagnosis of a patient pre-
senting to his/her doctor with back pain, defor-
mity, and/or limited range of motion is vast. 
Many older, osteoporotic patients have these 
symptoms chronically, making it difficult to dis-
tinguish chronic mechanical back pain from a 
vertebral insufficiency fracture without the 
proper clinical suspicion [4]. As such, only one in 
four VCFs is detected clinically, often because 
symptoms do not correlate well with the underly-
ing fracture [5]. Once a VCF is suspected, the 
physician should investigate secondary causes of 
osteoporosis, metabolic bone disease, malig-
nancy, osteomalacia, hyperthyroidism, hyper-
parathyroidism, and renal failure. Treatment 
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should be initiated after ordering the appropriate 
imaging tests and laboratory studies and initiat-
ing the proper referrals, without a delay in care or 
diagnosis.

Accurate diagnostic evaluation of VCFs will 
enhance patient outcomes and allow clinicians to 
target therapeutic intervention to those patients 
who would benefit most thereby preventing addi-
tional fragility fractures. In this chapter we 
describe the clinical presentation, differential 
diagnosis, and laboratory evaluation for patients 
presenting with a VCF.  In osteopenic patients 
presenting with back pain, the history and physi-
cal exam remain the cornerstone of diagnosis. 
The role of radiographs, CT, MRI, and DEXA is 
discussed in further detail in other chapters. In 
patients with “red flag symptoms,” such as a his-
tory of infection, cancer, or neurologic involve-
ment, or those with constitutional symptoms 
such as fever, chills, weight loss, or night pain, 
the indications for additional imaging and testing 
are reviewed.

 Clinical Presentation

 History

The most common etiology of VCF is osteoporo-
sis, although trauma, infection, and neoplasm can 
also lead to a VCF. A thorough diagnostic evalu-
ation of patients with a VCF is required to deter-
mine treatment, prevent further VCFs, begin 
treatment for a secondary cause of osteoporosis, 
and rule out or initiate a malignancy workup. In 
patients with known or suspected VCFs, obtain-
ing a detailed history of a patient’s onset of symp-
toms, pain pattern, chronicity, and medical 
history is critical. Understanding the chronicity 
of the patient’s symptoms is especially crucial as 
both acute and chronic fractures have a different 
natural history and sequelae that may aid the phy-
sician when counseling the patient.

Studies have suggested that having one VCF 
increases the risk of future VCFs. Irrespective of 
bone density, having one or more VCFs leads to 
an increase in a patient’s risk of developing 
another vertebral fracture [3]. When an osteopo-

rotic VCF is suspected, inquiring about the onset 
of menopause, prior bone density studies, and the 
presence of modifiable risk factors can help nar-
row the differential diagnosis and may alter treat-
ment. Risk factors include alcohol and/or tobacco 
use, estrogen deficiency, early menopause, pre-
menopausal amenorrhea, corticosteroid use, 
insufficient physical activity, low body weight, 
and dietary calcium and vitamin D deficiency. 
Generally, patients will give a history of some 
trauma or inciting event with each compression 
fracture. In some cases of osteoporosis, the cause 
of fracture may be negligible such as lifting a 
household object, a low-energy fall, or even nor-
mal activities of daily living. Interestingly, up to 
30% of compression fractures in patients with 
osteoporosis occur while the patient is in bed [6].

Differentiating VCF from muscular or spon-
dylotic pain is often difficult. The pain associated 
with a VCF can be severe and has significant 
overlap with other causes of back pain, which 
includes difficulty with bending, lifting, descend-
ing stairs, and impairment with activities of daily 
living. Discogenic or spondylotic pain are classi-
cally exacerbated by activities that load the disc, 
such as sitting, arising from a seated position, 
awaking in the morning, lumbar flexion, lifting, 
coughing, laughing, and a Valsalva maneuver. 
Patients with musculoskeletal low-back pain may 
indicate a regional rather than localized pain, 
often being unable to localize the pain. In many 
cases VCF pain can be more localized to a spe-
cific segment of the back by a patient.

When obtaining the history of a patient with a 
VCF, it is important to keep in mind that VCF 
may also cause referred pain and that low-back 
pain is not always the only presenting symptom. 
Gibson et al. looked at 288 patients with one or 
more compression fractures and found that non- 
midline pain was present in 68%. The typical 
pain pattern was referred to the ribs, hip, groin, or 
buttocks [7]. In some cases, the main symptom 
can be radicular pain rather than axial pain, mim-
icking foraminal stenosis or disc herniation. This 
often happens in the case of osteoporotic VCF 
combined with preexisting stenosis of the inter-
vertebral foramen, thus resulting in root com-
pression when the vertebral height decreases due 
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to fracture [8]. The incidence of acute radiculop-
athy after lumbar compression fracture is uncom-
mon but rises when VCF occurs at lower lumbar 
spinal levels [9].

Although pain may prompt a patient to seek 
treatment, many compression fractures are pain-
less and are detected incidentally. Often, a patient 
will present with symptoms of progressive scoli-
osis, kyphosis, or mechanical lower-back pain, 
and it is not until after routine radiographs that 
the vertebral compression deformity is diag-
nosed. Patients with multiple compression defor-
mities and progressive loss of vertebral body 
height are at the highest risk of developing exces-
sive thoracic kyphosis and lumbar lordosis; every 
4 cm loss of vertebral height leads to ~15 degrees 
of kyphosis [10]. Excessive kyphosis may lead to 
constipation, bowel obstruction, prolonged inac-
tivity, deep vein thrombosis, progressive muscle 
weakness, decreased height, and respiratory dis-
turbances [11].

In addition to treating the initial presenting 
symptoms, physicians that diagnose a VCF are in 
a unique position to initiate the proper medical 
and malignancy workup when the cause of the 
VCF is not clear. A review of systems should 
include constitutional symptoms as well as a 
thorough medical history, especially whether 
there is a history of cancer. Systemic disease or 
symptoms may increase susceptibility to infec-
tion, which can lead to vertebral osteomyelitis; 
vertebral osteomyelitis may mimic or cause a 
VCF. Typically, the most common organisms in a 
chronic infection are staphylococci or strepto-
cocci. A history of night pain, fever, drug use, 
depression, or symptoms suggestive of metabolic 
disease can aid diagnosis and guide subsequent 
workup and treatment. Obtaining a travel history 
as well as history of prior infections can help nar-
row the diagnosis because tuberculosis (Pott’s 
disease) can occur in the spine and mimic VCF.

Compression fractures are often the present-
ing manifestation leading to the diagnosis of 
malignancy. Up to 10% of patients with cancer 
will ultimately have spinal metastasis [12], and 
metastasis is the most common malignancy lead-
ing to spinal fractures. The most common malig-
nancies that metastasize to the spine are renal, 

prostate, breast, and lung. The two most common 
primary spinal malignancies are multiple 
myeloma and lymphoma [13]. If malignancy is 
suspected, additional lab work and imaging 
should be guided by the suspected malignancy.

 Physical Exam

A well-performed, well-documented, and consis-
tent physical examination during the initial and 
follow-up visits can yield accurate and consistent 
clinical information that can guide the diagnostic 
evaluation. Physical examination findings should 
always be put into the context of the reported 
symptoms and diagnostic test results. Physical 
examination should always include an accurate 
measurement of height. Midline back pain is the 
most common symptom of a VCF, and the pain is 
often axial and aching and may range from mild 
to severe. However, pain may also be referred to 
the ribs, hip, groin, or buttocks [14]. Upon inspec-
tion of the spine, a patient with a VCF may have 
a new onset kyphotic posture that cannot be cor-
rected caused by the anterior wedging of the frac-
tured vertebra. Clinical measures of kyphosis can 
be used and include parameters such as the dis-
tance from a patient’s occiput to the wall (nor-
mally 0  cm). Additional features of advanced 
vertebral deformity may also be used such as cer-
vical hyperextension and abdominal 
protuberance.

Examining a patient’s gate may yield addi-
tional clues to diagnosis. Patients may walk with 
their hips flexed and hunched forward. This may 
be caused by hip flexor contractures due to ilio-
psoas shortening secondary to vertebral height 
loss and compensation for increased kyphosis. 
When examining a patient with a suspected VCF, 
close attention should be paid to the thoracolum-
bar junction. This is a transitional zone between 
the more rigid thoracic vertebral column and the 
relatively mobile lumbar vertebral column, mak-
ing the junction more prone to fractures. This 
location is the site for approximately 60% of all 
VCFs [15].

Simple palpation will often reveal moderate 
tenderness at the level of the fracture. Extreme 
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pain and warmth elicited with superficial palpa-
tion should raise the suspicion of an infectious 
process. Paraspinal tenderness is commonly due 
to continuous contraction of the paraspinal mus-
culature in order to maintain posture in the con-
text of altered spinal mechanics due to fracture.

A detailed neurologic examination is essential 
in VCF patients as it is in all patients presenting 
with back pain, spinal deformity, or trauma. The 
patient should be assessed for sensory deficits, 
motor weakness, and upper motor neuron signs. 
Neurologic abnormalities may indicate retropul-
sion of a bone fragment into the spinal canal or 
foraminal stenosis that may require surgical 
intervention. Examination should always attempt 
to distinguish between neuropathy, peripheral 
nerve injury, nerve root problems, and myelopa-
thy, which is one of the common causes of fall 
secondary to imbalance.

 Differential Diagnosis

There are many potential causes of back pain 
which mimic a vertebral compression fracture. 
These may include but are not limited to bony 
metastasis, osteomyelitis, Pott’s disease, and 
other lesions. Chronic degenerative spine pathol-
ogy which could mimic a VCF includes spondy-
lolisthesis, degenerative disc disease, and facet 
arthropathy. A thorough history, exam, and 
proper imaging can help distinguish these pathol-
ogies from an osteoporotic vertebral compression 
fracture. The etiology of a VCF is varied and 
includes osteomalacia, excessive glucocorticoid 
intake, hyperparathyroidism, chronic kidney dis-
ease, trauma, and malignancy. After a thorough 
history and exam, the radiograph should be care-
fully assessed for features that favor a pathologic 
fracture which would necessitate further diagnos-
tic workup with advanced imaging. Signs that 
can be used to differentiate osteoporotic fractures 
from non-osteoporotic include accentuated sec-
ondary or vertical trabeculae which give a stri-
ated appearance and sharply outlined cortical 
endplates [16]. Further details on the radiologic 
characteristics of VCFs are available in other 
chapters throughout this text.

There are various normal variants, congenital 
abnormalities, degenerative changes, and other 
pathologies that can change the shape of verte-
brae and be easily confused with VCF [17]. For 
example, in osteochondritis there is anterior 
wedging of multiple adjacent vertebrae, endplate 
irregularities, and kyphosis. This can be differen-
tiated by the changes in multiple adjacent verte-
brae, rather than at a single spinal level. Other 
characteristics to look for on plain radiographs 
include endplate erosion which should raise the 
suspicion of an infectious process and spondylo-
sis characterized by endplate sclerosis, marginal 
osteophytes, and decreased intervertebral disc 
spaces along with anterior wedging [18].

Difficultly arises when differentiating acute 
or subacute osteoporotic fractures from neo-
plastic fracture. The spine is the most common 
site of skeletal metastases as well as osteopo-
rotic fracture, and both occur in a similar patient 
population. Any cortical destruction or the pres-
ence of lesions in the fractured or surrounding 
vertebrae should immediately trigger a malig-
nancy workup and further investigation. 
However, clinicians should be aware that up to 
1/3 of vertebral fractures in patients with known 
malignancies are due to osteoporosis and not 
metastasis [19].

 Blood Work

Laboratory evaluation in osteoporotic vertebral 
compression fractures is used mainly to exclude 
malignancy and infection and evaluate any causes 
of secondary osteoporosis. Screening lab studies 
in elderly patients with osteoporotic fractures 
should be individualized to each patient based on 
history, exam, and imaging findings.

Endocrine organs that are important to bone 
metabolism include the skin, parathyroid glands, 
liver, kidneys, gonads, adrenals, and thyroid. 
Pituitary and hypothalamic function also affects 
bone physiology. Endocrine abnormalities can 
lead to a failure of maintaining normal serum cal-
cium levels  – secondary osteoporosis can be 
caused by renal or liver disease, hyperthyroidism, 
hyperparathyroidism, Cushing’s syndrome, 
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hypogonadism, and nutritional deficiencies, met-
abolic disorders, and many other causes.

Failure to identify underlying disorders of 
bone and mineral metabolism can result in inap-
propriate or inadequate treatment. The most effi-
cient and cost-effective laboratory screening 
strategy to unmask underlying disorders remains 
unknown. The National Osteoporosis Foundation 
(NOF) guidelines recommend that patients with a 
newly diagnosed fragility fracture undergo a rig-
orous battery of laboratory tests, including serum 
calcium, phosphate, creatinine, alkaline phospha-
tase, liver function, 25(OH) vitamin D, total tes-
tosterone, complete blood count, 24-hour urinary 
calcium, serum magnesium, thyroid-stimulating 
hormone, parathyroid hormone, and bone turn-
over markers [20]. A study by Johnson et al. rec-
ommends that initially, screening blood tests 
should only include 25(OH) vitamin D, calcium, 
PTH, creatinine/eGFR, and serum testosterone in 
men. Serum testosterone helps detect a sex hor-
mone deficiency as a secondary cause of osteopo-
rosis. This limited laboratory evaluation strategy 
has both reasonable diagnostic yield and may 
substantially reduce cost [21].

In women without a history of disease or med-
ication use known to adversely affect bone, 32% 
were found to have disorders of calcium metabo-
lism. By including the measurement of 24-hour 
urine calcium, serum calcium, and PTH, the 
accuracy of diagnosing the underlying causes in 
this group was improved by 85% [22]. In patients 
who are receiving thyroid hormone supplementa-
tion, determination of the TSH level is useful to 
be certain that thyroid replacement is not exces-
sive. In patients at high risk for subsequent frac-
ture, more specialized tests should also be 
considered based on clinical suspicion, including 
serum and urine protein electrophoresis to detect 
multiple myeloma and a 24-hour urinary free 
cortisol or an overnight dexamethasone suppres-
sion test to exclude Cushing’s syndrome, which, 
although uncommon, can lead to rapidly progres-
sive osteoporosis [23].

Markers of bone turnover, including various 
collagen breakdown products, may also serve to 
distinguish between high and low turnover bone 
loss. Bone turnover is characterized by bone for-
mation and bone resorption. Biochemical bone 

turnover markers (BTMs) have been developed 
to capture measurements of these two activities. 
International expert groups in the fields of clini-
cal chemistry and osteoporosis have come to a 
consensus that the amino-terminal propeptide of 
type I procollagen (PINP) and the carboxy- 
terminal telopeptide of type I collagen (CTX-I) 
should be the markers for bone formation and 
bone resorption, respectively [24].

If malignancy is suspected, serum and urine 
protein electrophoresis as well as PSA in men 
should be included. A normal protein electropho-
resis pattern excludes the presence of multiple 
myeloma or a related lymphoproliferative disor-
der in 90% of patients [25]. Any febrile patient in 
whom infection is suspected should also have 
C-reactive protein and blood cultures drawn to 
evaluate for infection. Bone biopsy is not rou-
tinely performed in the setting of fracture and 
currently has little practical value in dictating 
treatment but can be obtained when a hemato-
logic disorder is suspected [26].

 Conclusion

A VCF may be the initial sign of a patient’s sub-
sequent downhill spiral if the underlying etiology 
of the fracture is not properly diagnosed and 
addressed. The presentation of a patient with a 
VCF is often generalized low-back pain which 
may be poorly localized and without a known eti-
ology or direct traumatic event, making the diag-
nosis difficult. Neurologic symptoms are rare. 
Comprehensive evaluation of these patients 
should include a detailed history and examina-
tion, radiographic studies, and laboratory evalua-
tion. Osteoporotic patients with a VCF may have 
a progressive spinal deformity that affects func-
tional levels and mortality. These patients are at 
an increased risk of additional VCFs and fragility 
fractures. It is important to rule out a metastatic 
process and infection. Advanced radiographic 
imaging may be helpful to determine the etiology 
and chronicity of a VCF. Improved and accurate 
diagnostic evaluation of vertebral compression 
fractures may improve the ability to target 
 appropriate therapeutic intervention to those 
patients who would benefit most.
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Key Points
 1. In a patient with suspicion for vertebral 

compression fracture with low risk for 
spinal cord injury, conventional radiog-
raphy with lateral and anteroposterior 
views is the most appropriate initial 
imaging study. In the setting of known 
vertebral compression deformities 
detected on radiograph or CT, MRI is of 
particular use in evaluating the chronic-
ity of vertebral fractures, for differentia-
tion of benign versus malignant 
compression deformities, and for the 
evaluation of associated extra- and 
intradural soft tissue pathologies.

 2. MRI is the cornerstone of vertebral frac-
ture characterization, and a multitude of 
qualitative and quantitative features 
have been studied for better differentia-
tion of benign and pathologic VCFs, 
including morphometric criteria (verte-
bral body contour, cortex, trabecula, and 
cleft signs), signal intensity criteria 
(edema/inflammation, and contrast 
enhancement patterns), and extraverte-
bral soft tissue abnormalities. Newer 
techniques for fracture characterization 
include diffusion-weighted imaging, 
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 Initial Radiologic Evaluation

A multitude of imaging modalities are available 
to the clinician for the evaluation for suspected 
vertebral injury, with the most appropriate modal-
ity depending on both the clinical presentation 
and the location of the suspected injury. For 
patients with low-back pain and low risk for spi-
nal cord injury, conventional radiography with 
lateral and anteroposterior radiographs is the 
most appropriate initial imaging study, particu-
larly when vertebral compression fracture (VCF) 
is in the differential. Patients who may meet a 
low-risk profile for spinal cord injury include 
those with acute, subacute, or chronic uncompli-
cated low-back pain with a history of low- 
velocity trauma (e.g., fall from a height), 
osteoporosis, advanced age, or steroid use [1, 2]. 
In these populations, cross-sectional imaging 
with CT and MRI may be useful to identify frac-
tures which are occult on conventional radiogra-
phy and for further characterization of 
complicated fractures, particularly when there is 
concern for canal compromise or fracture exten-
sion into the posterior elements of the spine [3]. 
CT and MRI are appropriate first-line imaging 
studies in patients with high risk for spinal injury, 
which may include trauma patients with neuro-
logic signs and symptoms, certain high impact 

mechanisms of injury (e.g., high-speed motor 
vehicle accidents), or other injuries associated 
with possible cervical spine injury (e.g., signifi-
cant closed head injury or multiple pelvic or 
extremity fractures) [4–6].

MRI is indicated as the first-line imaging test 
in the setting of low-back pain when there is con-
cern that symptoms may be a result of an under-
lying life or limb-threatening condition such as 
malignancy, infection, aortic aneurysm, dissec-
tion, or complicated fracture. In a patient with 
vertebral compression deformities detected on 
radiograph or CT, MRI is of particular use in 
evaluating the chronicity of vertebral fractures, 
for differentiation of benign versus malignant 
compression deformities, and for the evaluation 
of associated extra- and intradural soft tissue 
pathologies.

When a VCF is identified, imaging of the 
entirety of the spine with conventional radio-
graphs or scintigraphy is suggested, since addi-
tional fractures are identified in up to 30% of 
patients at the time of initial diagnosis [7]. These 
additional fractures may be in vertebra directly 
adjacent to the compressed vertebra, or in distant 
vertebra, most commonly in the lower thoracic 
and lumbar spine where axial loading forces are 
greatest [8].

 Imaging Definition of Vertebral 
Compression Fracture

VCFs are characterized by the location of end-
plate depression within the anteroposterior 
dimension of the vertebral body (anterior third, 
wedge fracture; middle third, biconcave frac-
ture; posterior third, crush fracture) [9]. 
Fractures with compression of the entirety of 
the anteroposterior dimension of the vertebral 
body are likewise denoted as crush fractures or 
alternatively as “complete” fractures [10, 11]. 
Most commonly, compression fractures are 
wedge- or biconcave- type fractures, resulting 
from physiologic axial loading and kyphotic 
flexion forces on the anterior and middle aspect 
of the vertebra [12, 13].

chemical shift imaging, and dynamic 
contrast-enhanced imaging.

 3. In patients with contraindications to 
MRI, positron emission tomography 
(PET)/CT or SPECT/CT may be useful 
for discrimination of benign and malig-
nant VCF etiologies using a combina-
tion of metabolic and morphologic 
criteria; however, the gold standard for 
definitive characterization in patients 
with contraindication to MRI and con-
cern for malignant compression fracture 
remains tissue diagnosis with percuta-
neous or open biopsy.
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In the clinical setting, vertebral compression 
fractures are diagnosed based on a qualitative or 
semiquantitative imaging assessment of the ver-
tebral body height. A 20% reduction in anterior, 
middle, or posterior vertebral body height rela-
tive to the unaffected portions of the vertebral 
body defines the minimum threshold for com-
pression fracture with conventional radiography 
[9, 14]. While 4 mm has traditionally been con-
sidered the minimum height loss to define com-
pression on radiography, since normal vertebra 
demonstrates a 1–3 mm difference in anterior and 
posterior height [15, 16], however, modern high- 
resolution multidetector computed tomography 
(MDCT) and MRI allow detection of more subtle 
compression deformities. The percentage of ver-
tebral body height loss incrementally aids in 
grading the severity of the compression defor-
mity, with under 25% defining mild compression 
(Grade I), 25–40% defining moderate compres-
sion (Grade II), and >40% defining severe com-
pression (Grade III) [9].

 Vertebral Compression Fracture 
Chronicity

The chronicity of a vertebral compression 
deformity is of clinical significance both for 
diagnosis and for appropriate patient manage-
ment and follow- up. At initial presentation, 
characterizing VCF chronicity aids the treating 
physician in establishing a probable cause for 
patients presenting symptoms (i.e., back pain), 
since acute and subacute fractures are more 
likely to present with pain than chronic (healed) 
fractures. Additionally, fracture chronicity 
plays a role in differentiating a multitude of eti-
ologies for the VCF, since only benign, osteo-
porotic VCFs are expected to fully heal without 
appropriate intervention. Finally, chronicity is 
integral in determining the optimal manage-
ment and follow-up. Fractures in the acute or 
subacute phase of healing, best marked by mar-
row edema on MRI or the early phases of 
increased metabolic activity on scintigraphy, 
are more likely to benefit from invasive 

 management such as cement augmentation as 
compared to chronic fractures [17, 18].

Although conventional radiography and CT 
may play a role in establishing chronicity, these 
modalities are often insufficient for definitive 
characterization. This is particularly true in an 
elderly population with severe osteoporosis, 
where diminished bone density may obscure fea-
tures of the healing process typically seen in the 
subacute or chronic phases of VCF evolution 
[19]. The primary role of conventional radiogra-
phy in establishing chronicity is for comparison 
to prior imaging to determine a timeframe in 
which a fracture has occurred. In the absence of 
priors, radiography is typically insufficient for 
definitive characterization. CT with multiplanar 
reformatting – specifically in the sagittal plane – 
may suggest an acute fracture when there is end-
plate disruption, trabecular impaction, or 
intra-trabecular gas (the “vacuum cleft” sign) 
[20]. Findings on CT which may suggest a 
chronic fracture include a well-corticated com-
pression deformity and bone mineral density 
similar to unaffected adjacent vertebra [21]. In 
the absence of these features, the chronicity of a 
compression fracture is indeterminate with CT, 
and other advanced imaging techniques are 
required for definitive characterization.

MRI is a preferred modality for establishing 
chronicity and fully characterizing vertebral 
compression fractures. On conventional MRI 
sequences including T1 and fluid-sensitive 
sequences such as short tau inversion recovery 
(STIR) or fat-suppressed T2-weighted 
sequences, findings of an acute osteoporotic 
VCF include a distinct fracture line and second-
ary marrow edema. The fracture line will be 
hypointense on T1 and T2 and may either paral-
lel or extend obliquely along the endplate with or 
without disruption of the compressed endplate 
(Fig. 9.1) [22]. Edema, hemorrhage, and inflam-
matory changes accompanying the acute fracture 
result in increased trabecular fluid signal in a 
band-like pattern paralleling the acutely frac-
tured endplate [23]. This acute intra-spongious 
edema is hypointense on T1-weighted imaging 
and hyperintense on STIR or fat-suppressed 
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T2-weighted images [20, 24]. Edema will persist 
from the time of the injury for an average of 
1–4 months and up to 6 months in up to 18% of 
patients, after which signal abnormalities should 
return to normal [18, 23, 25–28]. These transient 
marrow signal abnormalities are thought to 
accompany the acute healing process in benign 
osteoporotic VCFs and have been associated 
with a favorable clinical response to cement aug-
mentation [17].

Scintigraphy with technetium 99m-methyl 
diphosphonate (Tc 99m-MDP) is an alternative 
study for characterization of VCF chronicity. 
Radiotracer is concentrated at sites of osteoblas-
tic activity, which occurs as a result of the physi-
ologic healing cascade at the site of a compression 
fracture [29]. Increased scintigraphic uptake may 

be encountered during the acute, subacute, and, 
in some cases, early chronic phases of fracture 
healing. In fact, studies have demonstrated resid-
ual activity in 10% of fractures 2 years after the 
injury and 3% of fractures 3 years after the injury 
[30]. Scintigraphy plays a role in determining 
which group of patients may benefit from proce-
dural management. Metabolic activity on bone 
scan has been shown to be correlated with a 
favorable clinical response to cement augmenta-
tion [18, 31]. Scintigraphy may be of particular 
benefit compared to MRI in patients with chronic 
pain related to a compression deformity. In these 
patients, a fracture may be characterized as 
healed on MRI when the marrow signal returns to 
normal approximately 1–4  months post injury, 
while scintigraphy may detect the ongoing meta-
bolic reparative processes which have been asso-
ciated with clinical benefit following cement 
augmentation (Fig. 9.2) [18, 31, 32]. Other better 
established roles for bone scan, especially for 
patients unable to have MRI, include the exclu-
sion of occult fractures when conventional radi-
ography or CT is negative and VCF is suspected, 
and for screening the spine for VCFs at other lev-
els when a single compression deformity is ini-
tially identified.

Bone scan imaging in the initial and acute set-
ting has several limitations. First, in the initial 
setting, a fracture may be falsely negative on 
bone scan before the body is able to mount the 
inflammatory response and initiate the healing 
cascade. Studies have demonstrated this “lag 
period” for clinically significant metabolic activ-
ity to last for up to 1 week in an average patient 
and even longer in patients with osteoporosis or 
otherwise deficient osteoblastic activity [30, 33]. 
Additionally, when fractures are present at mul-
tiple levels with different chronicity, the “lag 
period” for the acute fractures combined with the 
prolonged uptake duration in the setting of more 
chronic fractures may confound the acutely pain-
ful/injured level and may result in treatment of 
pain free levels [19, 34]. Studies have indeed 
confirmed a decreasing specificity of bone scan 
for identifying the acutely symptomatic level as 
the number of hypermetabolic vertebrae 
increases, with only 50% specificity for new 

a b

Fig. 9.1 A 65-year-old male with low-back pain and no 
history of malignancy. Sagittal (a) T1 pre-contrast and (b) 
T2 images demonstrate a hypointense fracture line paral-
leling the endplates (arrow), extending >50% of the verte-
bral body AP dimension to the anterior cortex suggesting 
this is an acute benign osteoporotic VCF
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a

d e
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Fig. 9.2 A 93-year-old male with 3 months of low-back 
pain and no history of malignancy. (a) Sagittal T1 MRI 
demonstrates a wedge-shaped VCF at T11 (white arrow) 
and biconcave VCF at T12 (gray arrow), both of which 
demonstrate fracturing of the superior endplate and band- 
like low T1 signal with preserved remainder of the mar-
row fat signal suggestive of benign VCF. (b) Sagittal 
STIR MRI demonstrates only mild residual T2 hyperin-

tensity at the fractured endplates (arrows) suggesting that 
the fracture is subacute to chronic in age. (c) Subsequent 
bone scan demonstrated linear uptake along the endplates 
of T11 and T12 (arrows), consistent with ongoing meta-
bolic processes at the fracture sites. Therefore (d and e) 
vertebroplasty was performed, which resulted in improve-
ment in the patients’ symptoms
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fractures when two vertebrae demonstrate uptake 
and 36% specificity when three or more demon-
strate uptake [20, 35]. Finally, although increased 
metabolic activity in bone scan is considered 
highly sensitive for fracture, it is relatively non-
specific and can be seen in other conditions such 
as infections, neoplasms, and degenerative 
changes. Thus, given the limitations of bone scan 
in the setting of acute trauma and the fact that it is 
a lengthy exam, MRI is generally preferred for 
fully characterizing and establishing chronicity 
of vertebral compression fractures.

Early studies indicate promise for dual-energy 
CT for the accurate dating of a vertebral com-
pression fracture [36–38]. Dual-energy CT scan-
ners image the patient at two separate energy 
levels (conventionally 80  kV and 140  kV) and 
use differences in attenuation values (based on 
the photoelectric effect) to characterize the com-
position of tissues. This technology has proven 
sensitive and specific for detection of bone mar-
row edema in acute vertebral fractures. In fact, a 
recent study demonstrated a sensitivity of 92% 
and a specificity of 82% for the presence of mar-
row edema using a third-generation dual-energy 
scanner at 90 kV and 150 kV with a cutoff value 
of −42 Hounsfield units [38]. The study authors 
concluded that dual-energy CT could serve as an 
alternate imaging modality for establishing the 
chronicity of a vertebral fracture when contrain-
dications to MRI are present [38].

 Differentiating Benign Versus 
Pathologic Fractures

 Introduction and Imaging Techniques

Vertebral compression fractures may occur with 
any process that undermines the structural integ-
rity of a vertebral body, including most com-
monly osteoporosis and malignancy. Acute 
fractures present a diagnostic dilemma since the 
acute healing process, edema, and inflammation 
may confound the differentiation of benign ver-
sus malignant or infectious etiologies. On the 
other hand, a spontaneously healed chronic frac-
ture can be confidently diagnosed as a benign 

osteoporotic fracture, since infectious and patho-
logic VCFs typically will not completely heal 
without appropriate treatment. Chronic osteopo-
rotic VCFs are readily diagnosed on MRI when 
there is normalization of marrow signal and reso-
lution of enhancement.

Conventional radiography and scintigraphy, 
while useful to initially diagnose VCF and col-
lapse, are relatively nonspecific for differentia-
tion of benign and malignant etiologies [39]. CT 
is likewise relatively nonspecific; however, sev-
eral morphologic features seen together may sug-
gest a specific etiology.

MRI is the cornerstone of vertebral compres-
sion fracture characterization, and a multitude of 
qualitative and quantitative features have been 
studied for better differentiation of benign and 
pathologic VCFs (Table 9.1). Traditionally, MRI 
protocols for spine imaging include conventional 
or fast spin echo T1- and T2-weighted images, 
fat-suppressed T2-weighted or STIR images, and 
gadolinium-enhanced T1-weighted images. 
Multiplanar images are acquired in the axial and 
the sagittal planes. Qualitative features assessed 
on conventional sequences include vertebral 
body morphology, marrow signal intensity and 
enhancement characteristics, as well as associ-
ated extravertebral features. A quantitative evalu-
ation is performed with specialized sequences 
including diffusion-weighted imaging, perfusion 
imaging, and chemical shift imaging.

In patients with contraindication to MRI, posi-
tron emission tomography (PET)/CT may be use-
ful for discrimination of benign and malignant 
VCF etiologies using a combination of metabolic 
and morphologic criteria. The gold standard for 
definitive characterization remains tissue diagno-
sis with percutaneous or open biopsy [40].

 Morphology

Evaluation of the morphology of the acutely 
compressed vertebral body can yield important 
clues toward the etiology of a compression defor-
mity. Morphologic features have conventionally 
been assessed with high-resolution multidetector 
CT imaging with multiplanar reformatting in the 
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axial and sagittal plane; however, it is important 
to note that the majority of these CT imaging fea-
tures are readily assessed in modern, high- 
resolution thin slice MR images. Conventional 
radiography lacks the sensitivity for morphologic 
evaluation of the vertebra due to overlapping 
bony structures.

The most commonly described morphologic 
features for discrimination of benign from malig-
nant osteoporotic vertebral compression fractures 
include:

• Vertebral Body Contour
 – Benign VCFs most commonly demon-

strate anterior or middle vertebral body 
height loss, resulting in the classical 
“wedge” shaped or “biconcave” compres-
sion  deformities. This is the result of a 
combination of repeated physiologic 
axial loading and kyphotic flexion forces 
on abnormally weakened osteoporotic 

bone [12, 13]. Malignant VCFs, on the 
other hand, are more likely to present 
with balanced anteroposterior “complete” 
crush-type height loss, since pathologic 
collapse typically only occurs once the 
majority of the AP dimension of the ver-
tebra is infiltrated with tumor and eroded 
[12, 13, 28]. Compression deformity of 
the posterior aspect of the vertebral body 
is more likely to suggest pathologic frac-
ture, which may relate to preferential 
blood flow and seeding of the posterior 
elements of the spine [41].

 – The contour of the anterior and posterior 
vertebral body walls in benign osteoporotic 
VCFs is most commonly of normal physi-
ologic contour or increasingly concave 
compared to a normal vertebra. Less com-
monly, when the fracture extends to the 
anterior or posterior cortex, the contour 
may be convex outward with angulation at 

Table 9.1 Imaging features favoring benign and pathologic vertebral compression fractures

Benign osteoporotic fracture Pathologic fracture
Morphologic features
Wedge or biconcave VCF Crush VCF
Posterior wall: Normal, concave, or angulated Posterior wall: smooth convex
Retropulsed “burst” fragment No retropulsed fragments
Perpendicular fracture line extending to anterolateral or 
posterior cortex

No fracture line

No cortical erosion Cortical erosion
Trabecular impaction/sclerotic fracture line paralleling 
endplate

Eroded rather than impacted trabecula

Vacuum cleft/fluid sign No vacuum cleft
Marrow signal features
Band-like T2 hyperintense signal (edema) paralleling 
fractured endplate

T2 hyperintense edema throughout vertebra

Sparing of normal fatty T1 marrow signal within 
portions of the vertebra

Infiltrative tumor (T1 hypointense to paraspinal muscle 
and intervertebral disk) throughout vertebra

T1 or T2 signal abnormality in vertebral body only T1 or T2 signal abnormality extends to pedicles
Extravertebral features
Thin, poorly marginated signal abnormality 
circumferentially about vertebra

Focal, nodular, enhancing soft tissue mass with extension 
into the epidural space

Healed benign VCFs at other levels Metastases elsewhere in spine
Quantitative features
DWI: increased diffusivity (high ADC, low SI on DWI) DWI: restricted diffusivity (low ADC, high SI on DWI)
CSI: signal suppression on opposed phase imaging CSI: maintained signal on opposed phase imaging
DCE: mild alteration in blood flow kinetics DCE: marked alteration in blood flow kinetics
PET/CT
Band-like linear FDG uptake Round FDG uptake

Uptake extending to posterior elements
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the acute fracture line. When the posterior 
wall is fractured, a retropulsed fragment 
may be present, which has also been asso-
ciated with a benign process [22, 23, 25]. 
In malignancy, due to diffuse tumor infil-
tration, the posterior wall will be smoothly 
convex outward (Fig. 9.3). The smooth out-
ward convexity represents an outward 
bulging of the minimally compressible 
malignant tissue [23, 25].

• Cortex
 – In the sagittal plane, the presence of a dis-

tinct fracture line paralleling the fractured 
endplate and extending to the anterolateral 
or posterior cortex of the vertebra is specific 
for benign fractures [22, 42]. Accuracy for 
benign fractures is increased when the frac-
ture extends greater than 50% of the AP 
dimension of the vertebral body or extends 
to include both the anterolateral and poste-
rior cortices (Fig.  9.1) [22, 42]. Reactive 
bone formation may be identified where the 
fracture extends to the endplate or cortex 
[22, 42]. In the axial plane, the benign frac-
ture fragments may appear as closely 
opposed and nondisplaced with irregular 
shapes. This appearance has been termed 
the “puzzle sign,” since the nondisplaced 
fragments may fit together like a puzzle 
[22]. Burst fractures arising from high-
impact trauma are more highly comminuted 

than osteoporotic fractures, and the bone 
fragments are more disordered and dis-
tracted [28]. Malignant fractures are less 
likely than osteoporotic fractures to demon-
strate any fracture line in pre- treatment 
imaging [42]. Additionally, malignant 
VCFs often demonstrate erosion of the cor-
tices of the vertebral body and/or pedicles 
[42]. Cortical erosion typically occurs with 
metastases rather than primary marrow 
malignancies such as multiple myeloma, 
which are more likely to erode the trabecula 
while sparing the cortex [22, 42].

• Trabecula
 – In a benign fracture, the horizontal fracture 

line may be associated with a dense band of 
compressed cancellous bone paralleling 
the endplate. This dense band of trabecular 
bone may result from a combination of 
chronically accumulated microtrabecular 
compression deformities in the structurally 
weakened osteoporotic bone as well as 
sclerosis/callous formation resulting from 
the healing cascade [28, 41, 43]. In burst 
fractures, increased axial forces result in 
the outward displacement of fragments, 
rather than the gradual in-line impaction 
seen in low-energy osteoporotic fractures. 
Malignancies are more likely to erode 
rather than impact the trabecula prior to 
compression fracture [22, 42].

a b c

Fig. 9.3 An 88-year-old male with metastatic lung can-
cer and back pain. Sagittal T1 (a) pre-contrast and (b) 
post-contrast images demonstrate a crush-type VCF of T7 
(arrow). The marrow is diffusely infiltrated (hypointense 
to the disk and skeletal muscle), and the posterior cortex 

of the vertebra is smoothly convex “bulging” outward, 
suggesting malignancy. (c) PET/CT confirms malignant 
VCF (white arrows) with high FDG uptake (SUVmax 5.4) 
at the site of the fracture. Lung mass is partially seen 
(green circle)
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• Vacuum Cleft/Fluid Sign
 – A final morphologic sign of an acute 

benign osteoporotic compression fracture 
is the “vacuum cleft” sign on CT, which is 
analogous to the “fluid sign” on 
MR. These signs describe a gas or fluid-
filled horizontally oriented cavity paral-
leling the compressed trabecula and 
vertebral fracture (Fig.  9.4). The cavity 
fills with gas when the patient is upright 
and gradually fills with fluid when the 
patient is supine [44]. Thus, on a rapid 
acquisition multidetector CT, one may 
encounter a gas filled “vacuum cleft.” On 
MR, one may encounter a cleft with sig-
nal void (representing gas), or T2 hyper-
intense signal (representing fluid), 
depending on the duration the patient has 
been supine (Fig.  9.4) [43, 45, 46]. The 
presence of the vacuum cleft or fluid sign 
has likewise been associated with fracture 
severity, possibly suggesting a larger 
quantity of necrotic bone [45, 46].

 Marrow Signal Intensity

• Marrow Edema and Inflammation
 – In benign osteoporotic VCFs, T2 hyperin-

tense and T1 hypointense marrow edema 
may be distributed in a band-like pattern 
paralleling the horizontal fracture line and 
the impacted trabecula. There is a gradual 
transition from the band-like edema to nor-
mal fatty marrow signal extending toward 
the non-fractured endplate (Fig.  9.5) [25, 
28, 41]. Thus, normal marrow signal, 
which appears slightly hyperintense to 
paraspinal muscle and the intervertebral 
disk, is commonly preserved in a portion of 
the vertebral body in a benign osteoporotic 
fracture (Fig.  9.5) [25, 47]. With malig-
nancy, near-complete marrow replacement 
and trabecular erosion by tumor are gener-
ally required to weaken a vertebra suffi-
ciently for a compression fracture to occur. 
Therefore, malignant VCFs commonly 
demonstrate abnormal marrow signal 

a b c d

Fig. 9.4 A 67-year-old female with atraumatic low-back 
pain and new benign osteoporotic VCF of T12. (a) Lateral 
radiograph and (b) sagittal CT images demonstrate a lin-
ear gas-filled cleft which parallels the fractured T12 end-
plate (“vacuum cleft sign”) (arrow). Subsequent (c) 

sagittal STIR MR image demonstrates filling of the cleft 
(arrow) with fluid (“fluid sign”) while supine in the MRI 
scanner. (d) T2-weighted image demonstrates fluid-fluid 
levels (arrow) within the fluid cleft, suggesting a mixture 
of acute blood products and edema within the cleft
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throughout nearly the entirety of the verte-
bral body resulting from a combination of 
marrow edema (T2 hyperintense) and infil-
trative tumor (T1 hypointense to paraspinal 
muscle and the intervertebral disk) 
(Fig. 9.6) [22, 23, 25]. Alternatively, though 
less likely, edema may be circular or spher-
ically radiating outward from a rounded 
tumor deposit [25]. Finally, abnormal T2 or 
T1 marrow signal extending from the com-
pressed vertebral body into to the pedicles 
and bony neural arch is suggestive of a 
metastatic VCF (Fig. 9.6); however, in rare 
cases, this can be seen in osteoporotic frac-
tures when the fracture extends to the pos-
terior column [22, 25, 28, 48, 49].

• Contrast Enhancement
 – Contrast enhancement in the setting of 

VCFs is best assessed with fat-suppressed 
T1-weighted sequences. Since contrast 
material and normal fatty marrow may 
have similar signal intensity, fat suppres-
sion is necessary to discriminate a bound-
ary between abnormal enhancement and 
normal background fatty marrow. A benign 
fracture is suggested when contrast 
enhancement mimics the band-like trabec-
ular impaction and reactive edema seen on 
T2 and pre-contrast T1-weighted 

sequences. In the majority of VCFs, 
 however, contrast enhancement patterns 
are heterogeneous and insufficient for 
accurate discrimination between benign 
and malignant etiologies [23, 49, 50].

 Extravertebral Features

• Paraspinal Soft Tissue
 – Both benign and malignant VCFs com-

monly present with extravertebral signal 
abnormalities. In benign VCFs, paraverte-
bral signal abnormality is caused by edema 
and hemorrhage and typically presents as a 
thin (<10  mm), poorly marginated, 
T2-weighted signal abnormality circumfer-
entially about the vertebral body [22, 42]. 
It is typically most pronounced anterolater-
ally and virtually always spares the epi-
dural space [22]. In malignant VCFs, a 
paraspinal soft tissue mass will typically 
have a nodular contour and well-defined 
margin which characteristically enhances 
following contrast administration. The 
enhancing soft tissue mass will frequently 
protrude focally from the diffusely infil-
trated vertebral body (Fig.  9.6) [25]. An 
enhancing paravertebral soft tissue mass 

a b
Fig. 9.5 An 85-year-old 
male with new onset 
low-back pain and no 
history of malignancy. 
Sagittal (a) STIR and 
(b) T1 pre-contrast 
images demonstrate 
band-like signal 
abnormality paralleling 
the fractured superior 
endplate of L5 (arrow). 
There is gradual 
transition to spared 
normal fatty marrow 
signal toward the 
inferior endplate of L5
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a b

dc

Fig. 9.6 A 67-year-old female with history of lung can-
cer and new pathologic VCF. (a) Sagittal T1 pre-contrast 
image demonstrates complete malignant infiltration of 
the marrow of T11 and T12 (arrows), which is hypoin-
tense to the paraspinal skeletal muscle and the interverte-
bral disk. (b) The post-contrast sagittal T1 images 
demonstrate heterogeneous enhancement of the disk and 
an enhancing epidural mass (arrow), a finding which is 

virtually pathognomonic for malignancy. (c) Sagittal 
STIR image demonstrates extension of the T2 hyperin-
tense marrow edema to the pedicles (arrow), which is 
more commonly seen in malignancy. (d) Axial T1 post-
contrast images demonstrate a focal nodular enhancing 
mass extending from the left lateral aspect of the vertebra 
which is contiguous with the dominant left lower lobe 
lung adenocarcinoma (arrow)
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extending into the epidural space is virtu-
ally pathognomonic for malignancy 
(Fig. 9.6) [22, 28].

• Distant Osseous Findings
 – The presence of healed compression defor-

mities at adjacent levels or distant levels 
can be suggestive of benign, osteoporotic 
VCF. This suggests that abnormally weak-
ened bone is a result of a diffuse process, 
such as osteoporosis, rather than a focal 
abnormality such as a metastasis [22, 28]. 
On the other hand, the majority of malig-
nant VCFs are associated with focal metas-
tases in distant vertebra, particularly to the 
posterior elements of the spine, or in the 
ribs [25].

 Conventional MR: Combined 
Evaluation of Features

Though morphologic features may suggest 
benign or malignant etiologies for VCFs, no 
single feature, in isolation, is sufficiently accu-
rate for reliable discrimination. Recent studies 
have therefore examined the use of combina-
tions of morphologic features to improve accu-
racy. One group created a scoring system of 
morphologic features and correctly character-
ized 99 of 100 fractures as benign or malignant 
based on the combination of the following fea-
tures: pedicle or posterior element involvement 
(MRI), paravertebral extension (MRI), normal 
marrow signal preservation (MRI), intact pos-
terior vertebral body cortex (MRI), osteolytic 
destruction (CT), and distinct fracture lines 
(CT) [51]. A second group demonstrated 99.3% 
probability of malignancy when three malig-
nant features (diffuse posterior wall protrusion, 
pedicle involvement, and posterior wall 
involvement) were present, and the benign fea-
ture of a band-like edema pattern was absent 
[52]. When only two of the listed malignant 
features were present, probability of malig-
nancy was 75–87% [52].

 Quantitative Evaluation

A combined qualitative evaluation of signal 
intensity and morphologic features using CT and 
MRI is typically sufficiently accurate for dis-
crimination between benign and malignant 
VCFs; however, at times, due to significant fea-
ture heterogeneity and overlap, diagnosis can 
remain challenging. Quantitative MRI techniques 
have been studied for characterization of VCFs in 
an attempt to improve diagnostic accuracy, sim-
plify characterization, and reduce inter-reader 
variability in interpretation of often nonspecific 
qualitative features. The most well-studied quan-
titative techniques include diffusion-weighted 
imaging (DWI), chemical shift imaging (CSI), 
and dynamic contrast-enhanced imaging (DCI).

 Diffusion-Weighted Imaging

Diffusion-weighted imaging is used to quantify 
the diffusivity of water molecules within a voxel 
of tissue. In the setting of acute osteoporotic 
VCFs, diffusivity is expected to be increased 
(high apparent diffusion coefficient (ADC), low 
signal intensity on DWI) as a result of interstitial 
fluid space expansion related to the acute inflam-
matory response and marrow edema (Fig.  9.7). 
On the contrary, in malignant VCFs, diffusivity is 
expected to decrease (low ADC and high signal 
intensity on DWI) as a result of interstitial fluid 
displacement and diffusivity restriction due to the 
infiltrating hypercellular tumor (Fig.  9.7) [53, 
54]. Exceptions to this rule include both sclerotic 
metastases and previously treated metastases, 
which may appear hypointense on DWI and 
therefore cannot reliably be discriminated from 
benign fractures with DWI [55, 56].

Though theoretically useful, to date, results 
have been mixed regarding the utility of DWI to 
discriminate benign from malignant VCFs. 
Variability in outcomes are likely multifactorial 
relating to sequence acquisition variability (fat 
saturation, pulse sequences, and diffusion 
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weighting/b-values), interpretation variability 
(qualitative assessment versus quantitative using 
ADC, as well as region of interest selection) [55–
63], and possibly tumor inclusion characteristics 
(lytic, sclerotic, and/or treated metastases). These 
discrepancies may explain the wide ranges of 
ADC values demonstrated in benign and malig-

nant fractures across studies available in the lit-
erature (benign, 0.32 to 2.23 × 10–3 mm2/s, and 
malignant, 0.19 to 1.04  ×  10–3  mm2/s) [64]. In 
light of the significant variability in acquisition 
techniques, analysis, and cutoffs recommended, 
the optimal use for DWI may be in combination 
with signal intensity and morphologic features 

a

d e f

b c

Fig. 9.7 A 63-year-old male with a benign osteoporotic 
VCF of L4. (a) Sagittal STIR images demonstrate a severe 
compression fracture of T4 with mild edema (arrow). (b) 
DWI images demonstrate isointensity to mild hyperinten-
sity at the fracture site (arrow), but there is no loss of sig-
nal on (c) ADC image suggesting that the fracture is 

benign. (d) T1 post-contrast, (e) DWI, and (f) ADC 
images in a 74-year-old male with lymphoma demonstrate 
an enhancing compression deformity at T3 which is 
hyperintense on DWI and hypointense on ADC (arrows) 
consistent with a pathologic VCF
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characterized on conventional MRI sequences in 
patients without sclerotic metastases or prior 
therapy [55, 56, 63]. In fact, recent studies have 
demonstrated that the inclusion of axial DWI 
with ADC measurements to conventional MR 
imaging features can improve the accuracy to 
discriminate benign from malignant fractures 
from 92% to 98% [63].

 Chemical Shift Imaging

Chemical shift imaging provides a semiquanti-
tative characterization of the relative fat and 
water content of a tissue on a voxel-by-voxel 
basis. When the relative quantity of fat and 
water is balanced in a tissue, such as in normal 
marrow or benign VCFs, the MRI signal of that 
tissue will be suppressed on “opposed phase” 
imaging. In contrast, when the fat content is 
diminished relative to the water content, such as 
when fatty  marrow is replaced with infiltrative 
malignancy, the signal will be relatively main-
tained or will not suppress as much on opposed 
phase imaging. Therefore, the percentage drop 
in signal intensity on the opposed phase imag-
ing compared to the signal on inphase imaging 
is expected to be greater in benign fractures as 
compared to malignant fractures (Fig.  9.8). 
Recent studies using dual-echo chemical shift-
encoded imaging have demonstrated signal 
intensity drop cutoffs of 20–35% to accurately 
discriminate benign from malignant fractures 
[65–67]. A recent study using a 20% drop in sig-
nal as a cutoff value demonstrated a sensitivity 
of 91.7%, a specificity of 73.3%, and a diagnos-
tic accuracy of 82.5% for chemical shift imag-
ing to discriminate benign from malignant VCFs 
[68]. Another study performed using a T2∗-
corrected six-echo Dixon method for chemical 
shift quantification of tissue fat content demon-
strated a fat fraction of 5.26% to be 96% sensi-
tive and 95% specific for discrimination of 
benign and malignant fractures [69]. As with 
DWI, significant feature overlap has been dem-
onstrated in the acute phase of fracture healing, 

which may confound results when evaluated in 
isolation. Therefore, evaluation in concert with 
conventional imaging parameters remains rec-
ommended [59].

 Dynamic Contrast-Enhanced Imaging

Dynamic contrast-enhanced MRI is used to eval-
uate qualitative and quantitative hemodynamic 
characteristics of tissues by measuring relative 
signal intensity changes over time after the 
administration of gadolinium. Both benign 
osteoporotic VCFs and malignant VCFs are 
expected to have altered contrast enhancement 
kinetics compared to normal marrow. Expected 
differences in contrast enhancement kinetics 
include more rapid initial contrast uptake, 
increased peak maximal enhancement, and more 
rapid contrast washout [70–73]. Altered blood 
flow kinetics are expected to be mild in benign 
VCFs due to the acute inflammatory cascade and 

a b

Fig. 9.8 An 89-year-old female with new onset back pain 
and no history of malignancy. Sagittal T1 (a) in phase and 
(b) opposed phase images demonstrate a wedge-shaped 
compression deformity of L1 (white arrow). Regions of 
signal drop on the opposed phase images are suggestive of 
normal fatty marrow sparing in a benign osteoporotic 
VCF (gray arrow)
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more marked in malignant VCFs due to tumor 
neovascularity; however, significant overlap is 
observed between these etiologies. Results have 
been mixed for the discrimination of benign and 
malignant VCFs using dynamic contrast 
enhancement MRI [70–73]. This may be due to 
the overlapping kinetics, variability of injection 
protocols, fracture age, and patient features 
including patient age, spinal level, and fat/water 
content in bone marrow [70–73]. Recent studies 
have demonstrated accurate discrimination of 
benign and malignant fractures in the acute 
phase when quantitative perfusion parameters 
including plasma volume and vessel permeabil-
ity are evaluated; however, more research is 
required in this area for validation [74].

 Evaluation When MRI Is 
Contraindicated

In patients who cannot receive MRI, morpho-
logic imaging alone with CT or combination 
morphologic and functional imaging with 18F 
fluorodeoxyglucose (FDG) PET/CT or single- 
photon emission computed tomography 
(SPECT)/CT can be performed.

Though not as well studied as MRI, 18F FDG 
PET/CT has proven useful for discrimination of 
benign and malignant VCFs, based on the prin-
ciple that metabolically active tumor cells 
should metabolize glucose at an increased rate 
compared to normal marrow. Although osteopo-
rotic VCFs can demonstrate FDG uptake in 
acute and subacute injuries for up to 3 months, 
it typically occurs at a lower uptake level than 
malignant VCFs [75–78]. There is however sig-
nificant overlap in ranges of FDG uptake 
between malignant VCFs and acute benign 
VCFs [75–78]. Analogous to metabolic imaging 
with bone scintigraphy, absent uptake in a VCF 
is diagnostic of a healed VCF [78]. If uptake is 

present, diagnosis can be suggested based on 
both the pattern of uptake and the maximum 
tracer uptake. Rounded tracer uptake or uptake 
involving the vertebral body and the posterior 
elements/pedicles contiguously is suggestive of 
malignancy (Fig. 9.9) [79]. Linear tracer uptake 
paralleling the disk space or at a facet joint is 
suggestive of a benign process (Fig. 9.10) [79]. 
Studies have demonstrated a maximum stan-
dardized uptake value (SUVmax) of greater 
than 3.0 to be suggestive of a pathologic frac-
ture, with optimal accuracy when SUVmax of 
4.25 is exceeded, yielding a sensitivity of 85% 
and a specificity of 71% [77, 80, 81]. In a com-
parison study, PET/CT at optimal SUVmax of 
4.25 was demonstrated to be more sensitive 
(85% versus 64%) but slightly less specific 
(71% versus 82%) than an MRI combined eval-
uation of three conventional features (cortical 
bulge, epidural mass, and pedicle enhancement) 
for discrimination of benign from malignant 
VCFs [78]. Studies have concluded that the 
optimal role of PET/CT is in patients with con-
traindications for MRI and in patients with 
equivocal or nondiagnostic MRI findings, rather 
than as a primary screening test [77, 78].

SPECT with technetium 99m hydroxymeth-
ylene diphosphonate (Tc-99m HMDP) has also 
been evaluated in comparison with MRI with 
morphologic criteria for discrimination of 
benign and pathologic VCFs. A study by 
Tokuda et al. demonstrated superior sensitivity 
and specificity of MRI compared to SPECT in 
compression fractures with partial replacement 
of the fatty marrow on T1-weighted images 
[82]. Sensitivity and specificity, however, were 
comparable between SPECT and MRI when 
there was complete replacement of the fatty 
marrow on T1-weighted imaging (sensitivity up 
to 87.1 for SPECT and 89.5% for MRI; speci-
ficity up to 89.5% for SPECT and 89.5% for 
MRI) [82].
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Fig. 9.9 A 70-year-old male with back pain and patho-
logic VCF. (a) Sagittal PET/CT demonstrates rounded 
FDG uptake at the site of VCF (with high SUVmax of 
10.1) (arrow). (b) Simultaneously performed axial CT 
demonstrates erosion of the posterolateral cortex of T5 
(arrow). Sagittal T1 (c) pre-contrast and (d) post-contrast 
images demonstrate an inherently T1 hyperintense 

enhancing mass with near-complete infiltration of the T5 
vertebra with epidural extension (arrow). (e) Sagittal 
STIR image demonstrates signal abnormality extension 
into the posterior elements (white arrow) and adjacent 
posterior soft tissues (gray arrow), which are likewise sug-
gestive of a malignant VCF
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 Introduction

Osteoporotic vertebral compression fractures 
(VCFs) are increasing in prevalence with the 
aging population [1]. The majority of these frac-
tures are treated conservatively, and therefore, 
understanding the natural history and long-term 
sequelae of these fractures is important for the 
practitioner. The clinical consequences of VCF 
can include pain, poor physical functioning, 
kyphosis, loss of appetite, depression, and 
increased mortality. One of the primary concerns 
following VCF is the risk of subsequent VCF at a 
different vertebral level. In recognizing these 
clinical sequelae, the practitioner can optimize 
the care of the patient presenting with VCF. This 
chapter is aimed at presenting the natural history 
and long-term sequelae associated with these 
common fractures.

 Presentation of Vertebral 
Compression Fracture

The natural history and expected clinical course 
following VCF largely depend on the nature of 
the initial presentation. Not all patients with 
symptomatic VCF are clinically diagnosed. VCFs 
typically either present as an acute symptomatic 
clinical event or are detected incidentally on plain 
radiographs. In those patients with an acute onset 
of back pain and the finding of VCF, the episode 
of acute pain typically lasts for a minimum of 
2 weeks. Patients with VCF detected incidentally 
on imaging may experience little or no symp-
toms. These patients may report a prior episode 
of back pain for which they did not seek medical 
care or report no history of prior back pain at all. 
With a usually short duration of pain and a typi-
cally good response to analgesics, it is likely 
many VCFs are not detected clinically. In a 
population- based study, Cooper et al. found that 
16% of VCF diagnoses were made incidentally 
during radiographic investigations into unrelated 
disorders, while 84% of patients with clinically 
diagnosed VCFs were associated with pain [2]. 
Elderly patients with chronic back pain may 
present with multiple vertebral compression frac-
tures, vertebral height loss, low bone mineral 
density, and worsening structural changes or 
deformity.
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 Pain Associated with Acute 
Vertebral Compression Fracture

The pain associated with acute VCF is often 
described as an intense, deep pain at the site of 
fracture [3]. The pain is intermittent or chronic 
and is worse with sitting, standing, or any move-
ment, including walking and bending. Pain 
symptoms are often relieved with lying down and 
pain medication. On examination, the patient 
may report tenderness to deep palpation over the 
spine and may also report paraspinal muscle 
spasm. VCF may be associated with either unilat-
eral or bilateral radiculopathy, with pain radiating 
along the dermatomal nerve root distribution.

Despite the high incidence and prevalence of 
VCF, surprisingly little is known about the long- 
term course of pain for these fractures. It is gen-
erally believed that the pain related to this fracture 
is self-limiting and resolves after an average 
period of 2 weeks to 3 months [3, 4]. It is also 
generally believed that VCF only results in 
chronic pain in select patients with multiple VCF, 
height loss, and low bone mineral density [4]. 
Several early studies evaluated the natural history 
of pain in the first month following VCF [5, 6] – 
these studies found that the pain associated with 
an acute fracture may not significantly decrease 
during the first 7–10 days. In a study of 56 hospi-
talized patients with an acute vertebral fracture, 
Lyritis et  al. found that self-reported pain had 
decreased by only 22% at day 7 following a frac-
ture [5]. By day 14 following a fracture, pain had 
decreased by only 33% [5]. In a study of 21 
patients with acute VCF, Gennari et al. found that 
there was no significant decrease in pain (as mea-
sured by visual analogue scale [VAS]) until day 
15 after a fracture [6]. By day 30, pain had 
decreased by approximately 40% [6].

More recent studies have examined the course 
of pain following VCF at longer follow-up. 
Venmans et al. analyzed the natural course of con-
servatively treated osteoporotic VCF from the 
VERTOS trial (A Trial of Vertebroplasty for 
Painful Chronic Osteoporotic Vertebral Fractures) 
with a follow-up period of 1  year [7]. Of 95 
patients treated without surgery, 38 patients (40%) 
had severe pain (defined as VAS pain scores ≥4) 

at the last follow-up interval of 12 months, despite 
the use of increased pain medication [7]. The 
authors concluded that a substantial percentage of 
patients with acute VCF have continued severe 
pain at 1 year following fracture [7]. Suzuki et al. 
followed 107 patients for a total of 12 months fol-
lowing presentation to the emergency unit with a 
finding of an acute VCF [8]. The authors analyzed 
pain, disability (von Korff pain and disability 
scores), ADL (Hannover ADL score), and quality 
of life (QoL) (EQ-5D) at 3 weeks and 3, 6, and 
12 months [8]. In this study, the largest improve-
ment in pain and disability scores occurred 
between the 3-week and 3-month visit, represent-
ing an average improvement of only 10–15% [8]. 
The authors found that even at 1 year following a 
VCF, the majority of patients had a high degree of 
pain and disability. The average pain scores at 
1 year following a VCF were similar to preopera-
tive scores of patients with herniated lumbar disk 
and lumbar spinal stenosis and those on 100% 
disability [8, 9]. The authors concluded that for 
the majority of patients, an acute VCF was the 
beginning of a long-lasting and severe deteriora-
tion of health.

It has previously been estimated that up to 
one-third of the approximately 700,000 osteopo-
rotic vertebral compression fractures develop 
chronic pain [10]. The study by Suzuki et  al. 
demonstrates that this percentage may be an 
underestimation, as more than 75% of patients in 
their study had severe pain at a minimum of 
1 year following the fracture [8]. A 2005 study by 
Hasserius et  al. also demonstrated an increased 
incidence of chronic back pain after VCF.  Two 
hundred fifty-seven patients with VCF were fol-
lowed as part of the European Vertebral 
Osteoporosis Study (EVOS) [11]. Of the 76 
patients that were alive at 12-year follow-up, 56 
were available to participate in an examination 
and questionnaire. Of these patients, more than 
70% of the women had severe chronic back pain, 
which was significantly higher than age-matched 
controls [11]. These studies suggest that an acute 
VCF does not lead to a short self-limited episode 
of pain but may represent the beginning of a 
 painful condition that can potentially last for a 
decade or more.
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 Physical Consequences of Vertebral 
Compression Fracture

Several studies have examined the clinical conse-
quences of both acute and chronic VCFs [3, 4, 
11–13]. A VCF frequently leads to increased 
kyphosis, which accounts for the significant 
long-term consequences of these fractures. VCFs 
result in anterior compression of the vertebral 
body, which moves the center of gravity forward, 
thereby creating a large bending moment. This 
bending moment must be counterbalanced by the 
posterior ligaments and musculature, which may 
result in chronic back pain and fatigue. The ante-
rior compression on the vertebral body also 
results in an uneven transmission of loads to the 
intervertebral disks and end plates, which, along 
with loss of disk height, results in increased loads 
on the vertebral body. These increased loads lead 
to an increased risk of additional VCFs and wors-
ening kyphosis [13].

In patients with multiple VCFs, the kyphosis 
of the thoracic spine may exceed 50 degrees [13] 
which may result in a loss of overall height for 
the individual. As vertebral height is lost, there is 
a reduction in the size of both the abdominal and 
thoracic cavities [4], and the 12th rib may come 
to rest on the iliac crest. In addition, patients may 
develop a protuberant abdomen, which can result 
in early satiety after eating and secondary weight 
loss [4]. Reduction in the size of the thoracic cav-
ity may lead to reduced exercise tolerance as a 
result of restricted lung volume. Studies have 
demonstrated that a single thoracic vertebral 
compression fracture causes an approximate 10% 
loss of forced vital capacity [12]. In patients with 
pre-existing pulmonary conditions or lung dis-
eases, this loss of vital capacity may be clinically 
significant [12]. The Study of Osteoporotic 
Fractures Research Group found that women 
with one or more VCFs have an age-adjusted 
relative risk of mortality from pulmonary causes 
that is approximately 2–2.7 times higher than 
women without VCFs [14].

Due to the possible deformity and back pain 
associated with chronic VCFs, patients may have 
difficulty with sitting or standing for prolong 
periods of time and may be most comfortable in 

bed. A kyphotic posture may force a patient to 
bend their knees and tilt the pelvis to maintain 
sagittal balance. This may result in muscle 
fatigue, gait abnormalities and, as a result, an 
increased risk of falls and additional fractures 
[15]. In addition, exercise is poorly tolerated, and 
lifting and bending are avoided. The decreased 
physical activity likely contributes to the worsen-
ing of osteoporosis. Many patients experience a 
distorted body image and poor self-esteem, lead-
ing to depression [3, 4]. In addition, the chronic 
pain associated with VCFs may have significant 
psychological consequences, including social 
isolation, increased anxiety, poor self-esteem, 
insomnia, and depression [15–17].

 Disability After Vertebral 
Compression Fracture

The true amount of disability following VCF is 
difficult to quantify and may depend on the 
patient and the severity of fractures. Holbrook 
et al. performed some of the early work on this 
subject and estimated that a recognized VCF 
results in approximately 2 weeks of bed rest and 
1 month of restricted activity [18]. In a series of 
204 women between the age of 55 and 75 with a 
VCF, Ettinger et  al. reported 8.4% of patients 
with moderate to severe vertebral deformity 
required help at home [19].

Ettinger et  al. performed a larger cross- 
sectional study of 2992 women aged 65–70 years 
and found that the degree of disability may be 
directly related to the severity of VCF [20]. The 
authors measured the radiographic vertebral 
dimensions of T5–L4 and determined the degree 
of deformity by measuring the number of stan-
dard deviations (SD) that the ratio differed from 
the mean ratio calculated for the same vertebral 
level in the age-matched general population. The 
severity of deformity was then correlated with 
back disability in six ADLs and back pain. The 
authors reported 39.4% of the cohort had no 
 vertebral deformity, while 10.2% had a deformity 
≥4 SD from the mean [20]. The authors also 
reported that vertebral deformities with <4 SD 
from the mean were not associated with an 
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increase in either pain or disability. Women with 
deformity ≥4 SD had a 2.6 (95% CI, 1.7–3.9) 
times increased risk of disability involving the 
back and a 1.9 (95% CI, 1.5–2.4) times increased 
risk of moderate to severe back pain [20]. They 
concluded vertebral deformities with vertebral 
height ratios less than 4 SD below the mean were 
associated with substantial pain and disability 
[20]. This study demonstrates that the severity of 
VCFs should be considered when assessing 
patients for risk of disability.

While early studies focused on the disability in 
the first several months following a VCF, more 
recent studies have demonstrated the long-term 
disability associated with these fractures. Both 
prospective and retrospective studies have shown 
that the deterioration of both health and QoL after 
a VCF can last for many years [11, 21–23]. In the 
Rancho Bernardo Study, a total of 1010 patients 
with osteoporotic fractures were followed for an 
average of 6.7 years (range, 1–17 years) following 
an initial fracture [24]. The authors found that 
women with a history of VCF had up to a seven 
times increased odds of reporting difficulties with 
a variety of activities than those without VCFs 
[24]. In a similar study, Ensrud et al. found that 
the odds of impaired ADLs (defined as difficulty 
with ≥3 physical ADLs) was 2.3 times higher 
among those with a clinically diagnosed VCF 
compared to controls [25].

Compared to other fragility fractures, VCFs 
appear to have a more deleterious effect on a 
patient’s quality of life. This effect on QoL was 
reported in two prospective studies from Sweden 
[22, 26]. Both studies suggested a VCF had a 
more negative impact on a patient’s quality of life 
than any other type of osteoporotic fracture, 
including hip fractures [22, 26].

 Risk of Subsequent Fracture 
Following Vertebral  
Compression Fracture

One of the most significant consequences of a 
VCF is the risk of a subsequent VCF at another 
vertebral level. The Vertebral Efficacy with 
Risedronate Therapy (VERT) trial demonstrated 
a 1  in 5 risk of a subsequent VCF within 

12  months following an incidental finding of a 
VCF among postmenopausal women [27]. The 
authors reported a fivefold increased risk of a 
subsequent VCF at 12 months in patients found 
to have one or more VCFs at baseline compared 
to patients without VCFs at baseline (relative risk 
[RR], 5.1; 95% confidence interval [CI], 3.1–8.4; 
P < 0.001) [27]. This study highlights the impor-
tance of early intervention in any patient who 
sustains a VCF.

Previous fractures and low bone density are 
both known risk factors for a subsequent VCF 
[28]. In a series of 1098 women between the ages 
of 43 and 80 years (mean, 63.3 years), Ross et al. 
reported that women with low bone mass had a 
sevenfold increased risk of VCF [28]. Women 
with a low bone mass and a single previous VCF 
were at a 25-fold increased risk of a subsequent 
VCF [28]. Therefore, in addition to a history of a 
previous VCF, practitioners should be particu-
larly wary when these patients also have a low 
BMD.

 Conclusion

The natural history of VCFs depends largely on 
the initial presentation. VCFs are frequently 
defined as a radiographic finding; however, many 
VCFs are clinically asymptomatic and many are 
undiagnosed. VCFs characterized by both an epi-
sode of acute pain and vertebral height loss may 
result in chronic pain and disability. The notion 
that VCF is a self-limiting condition with a rela-
tively positive prognosis has been challenged by 
multiple studies with long-term follow-up report-
ing significant pain, disability, and impact to 
patients’ quality of life and physical health. 
Vertebral height loss is a significant predictor of 
associated disability. The long-term sequelae of 
VCFs are characterized by additional VCFs, loss 
of vertebral height, and worsening disability in 
many patients.
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 Introduction

Osteoporotic vertebral compression fractures 
(OCVFs) are the most common type of osteopo-
rotic fractures seen in the elderly. Although many 
of these individuals may sustain a fracture, only 
around one third seek medical care [1]. Patients 
report back pain, and the true diagnosis can be 
easily missed or misdiagnosed as a back strain. 
These fractures can be a significant source of 
pain and dysfunction and can lead to a variety of 
complications. Acutely, ileus, urinary retention, 
and even spinal cord compression can occur. 
Conservatively treated OVCFs can result in 
kyphosis, depression, and chronic pain [2].

Initial management of these fractures is 
focused on pain control, but the long-term man-
agement should be focused on prevention and 
treatment of the underlying osteoporosis. Some 
patients may require surgical intervention, rang-
ing from simple procedures such as vertebro-
plasty or kyphoplasty to major reconstructive 
surgery. Each patient deserves a tailored treat-
ment plan with a focus on multimodal pain con-

trol and the involvement of both surgical and 
medical teams to develop an appropriate approach 
specific to each patient. In some cases, psycho-
logical treatment may be needed for depression 
with regard to function, appearance, and pain. 
The majority of patients can be treated with con-
servative management; however in some cases, 
surgical intervention may be warranted.

 Pharmacologic Treatment

Pain control is critical to the early management 
of OVCFs. Proper pain control allows for early 
mobilization and rehabilitation which facilitates 
an earlier return to function and a higher quality 
of life. Prolonged bed rest and inactivity can lead 
to worsening osteoporosis in these already com-
promised patients. Treatment requires a multi-
modal approach, and as such, there are a number 
of pharmacologic pain relievers which can be 
used; however, the side effect profiles must be 
carefully considered, particularly in the elderly 
population. Acute pain from OVCFs typically 
lasts between 6 and 12 weeks [3, 4]. Initial anal-
gesia should attempt to avoid using narcotics 
unless absolutely necessary. First-line medica-
tions include acetaminophen and nonsteroidal 
anti-inflammatory drugs (NSAIDs). The acute 
phase of pain is partially due to the inflammatory 
response associated with the injury, and therefore 
NSAIDs can be very effective. In the elderly, 
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NSAIDs pose the risk of gastrointestinal bleed-
ing and acute kidney injury. Selective cyclooxy-
genase- 2 inhibitors can be used in place of 
NSAIDs to mitigate the aforementioned side 
effects [5].

When the pain is severe, narcotic pain medica-
tions can be administered in addition to nonnar-
cotic medication. Patients, family members, and 
healthcare staff must be aware of the side effects 
of narcotics including mental status changes, 
respiratory depression, nausea, and constipation 
[6]. As an adjunct, muscle relaxants can be ben-
eficial since paraspinal muscle spasms can be 
very painful. Muscle relaxants are particularly 
useful in the first 1–2 weeks following a fracture. 
Similar to narcotic medications, patients must be 
monitored for side effects including drowsiness, 
dizziness, dependence, and abuse.

Radicular pain can also result from OVCFs 
due to general inflammation or retropulsion of 
fragments with resultant nerve root irritation. 
Furthermore, collapse of the vertebral body puts 
the exiting bilateral nerve roots at risk for com-
pression in the setting of a narrowed foramen. 
NSAIDs can be helpful for initial inflammatory- 
type radicular pain, but other medications such 
as antidepressants and anticonvulsants can be 
helpful for neuropathic pain control. There are 
many types of neuropathic pain, and the majority 
of studies have focused on diabetic neuropathy 
and fibromyalgia; nevertheless, these medica-
tions have been utilized for patients with neuro-
pathic pain following OVCFs. Within the 
antidepressant class of medications, tricyclic 
antidepressants (TCAs) and selective serotonin-
norepinephrine reuptake inhibitors (SSNRIs) 
have been effective [7, 8]. TCAs block norepi-
nephrine and serotonin reuptake inhibition for 
the treatment of depression; however, the mech-
anism of action through which tricyclics provide 
analgesia is unclear. It is thought that they are 
part of neuromodulatory serotonergic and norad-
renergic pathways resulting in the recruitment of 
the endogenous opioids [9, 10]. However, TCAs 
are not without side effects as anticholinergic 
symptoms such as drowsiness, dizziness, dry 
mouth, and blurry vision can occur which can be 

dangerous in the elderly. These effects can be 
mitigated by initiating therapy with low doses 
and slowly titrating until effective. In an effort to 
avoid the adverse effects of TCAs, selective 
serotonin reuptake inhibitors were studied; how-
ever, given that they only worked on the sero-
tonin pathway, they had limited utility in pain 
control. Therefore, the newer SSNRIs such as 
duloxetine and venlafaxine have been evaluated 
and were reported to be effective for neuropathic 
pain control [11]. Additionally, they have proven 
efficacy in the treatment of chronic low back 
pain and can serve a dual purpose in the treat-
ment of OVCFs [12].

Anticonvulsants, specifically gabapentin and 
pregabalin, are also used in the treatment of neu-
ropathic pain. They are calcium channel alpha-2- 
delta ligands and can provide analgesia while 
simultaneously treating comorbid depression, 
anxiety, and sleep disturbance, thereby allowing 
an increased quality of life [13]. There is evi-
dence to support the treatment of neuropathic 
pain with these agents; however there is weak 
evidence for the use of gabapentinoids for low 
back pain. These drugs are generally well toler-
ated, but a common side effect is sedation. Both 
drugs must be titrated to the patient’s needs, and 
they should always be discontinued in a tapered 
fashion to avoid seizures.

When the above measures do not provide suf-
ficient pain control, calcitonin can be used as an 
adjunct to provide analgesia [14]. Calcitonin is 
an antiresorptive agent which can be given for 
acute pain when first-line agents fail, but it should 
be discontinued after 6–12  weeks [15, 16] for 
concern that there may be increased rates of can-
cer associated with its use [17].

In summary, when considering medications 
for pain control, the treatment must be individu-
alized according to the patient’s symptoms, 
comorbidities, and preferences. Although many 
guidelines provide recommendations for many of 
the aforementioned pharmacologic pain control 
modalities, the recommendations are weak at 
best; nevertheless, they are currently the best 
options currently available for the treatment of 
pain associated with OVCFs.
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 Injections

In difficult cases where acute pain is not relieved 
by the aforementioned techniques or when a 
patient develops chronic back pain, injections 
can be helpful for pain control. Conservative care 
is considered to have failed when there is contin-
ued severe pain at 2 weeks despite treatment or 
when pain does not improve despite treatment for 
4  weeks [18]. There are a number of different 
injections that can be performed to assist in pain 
management and improve overall function. As 
back pain is the most common complaint, facet 
injections and medial branch nerve blocks can 
help to alleviate pain. Many authors have theo-
rized that the pain from OVCFs is multifactorial 
and may not be just from the fracture itself [19–
23]. It is thought that facet joints are subjected to 
abnormal loads due to the increased flexion 
moment from compression of the anterior col-
umn [21, 24]. In a study by Wilson et  al., they 
report that the pain generators following OVCFs 
are multifactorial and that facet joint injections 
were able to control pain in about one third of 
patients. In this same study, they reported that 
patients who failed facet joint injection were 
more likely to experience relief from vertebro-
plasty as the anterior column was more likely to 
be the pain generator [21]. Wang et al. have pub-
lished the only prospective, randomized con-
trolled study comparing facet block and 
vertebroplasty for pain relief and found that in 
the first week, vertebroplasty had better pain 
relief but after 1 month and at the final follow-up 
at 12  months, there was no difference in pain 
relief between the two groups [25].

As an alternative to facet joint injections, 
medial branch nerve blocks have also been 
explored as a treatment option following OVCFs 
[26]. The nerve block prevents ascending pain 
signals from the facet joint from reaching the 
brain. Park et al. reported their 1-year retrospec-
tive experience on medial branch blocks for 
patients who failed conservative treatment or had 
chronic pain following vertebroplasty and found 
patients experienced significant pain relief and 
functional recovery.

In the acute setting, patients may occasionally 
have radicular pain following an OVCF for which 
epidural or nerve root injections can help with 
intractable pain and speed recovery [19]. Kim 
et al. reported on up to four selective nerve root 
injections at a time in patients with bilateral, mul-
tilevel disease at 2-week intervals with a maxi-
mum of three sessions – they reported that 78% 
of patients had good to excellent results [18]. 
There is also literature to support that in patients 
with OVCFs at L3 or L4, a selective L2 nerve 
root block can be performed for temporary pain 
relief. The sensory fibers from these vertebrae 
enter the paravertebral sympathetic trunks and 
then enter the L2 dorsal root ganglion. The effects 
of these injections were clinically significant at 
2 weeks but not significant at 1 month [27, 28].

For pain suspected of originating from the 
anterior column of the vertebral body, gray ramus 
communicans nerve blocks have been done since 
these nerves provide the greatest innervation to 
the intervertebral disc and adjacent structures. 
Given that this injection is more anterior, there is 
a risk of pneumothorax in the thoracic spine and 
bowel perforation, intravascular injection, and 
kidney puncture in the lumbar spine [29, 30]. The 
potential risk frequently outweighs the potential 
benefit from this procedure; more studies need to 
be done to better assess the safety and efficacy of 
this procedure.

As there are many options for spinal injec-
tions, it is important to thoroughly evaluate the 
patient to accurately determine the sources of 
pain. When considering injection, the surgeon 
must weigh the risks and benefits. Steroids, 
which are often used in these injections, can also 
further exacerbate the osteoporosis. Some authors 
have found that spinal injections can put patients 
at an increased risk for future vertebral compres-
sion fractures. A study by Mandel et  al. found 
that each successive epidural steroid injection 
increased the risk of fragility fracture by 20%; 
therefore the risks and benefits must be weighed 
when performing these injections [31]. 
Additionally, each injection carries its own inher-
ent risks which should be discussed with the 
patient during the decision-making process.
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 Bracing

Spinal orthoses can be used in the acute, sub-
acute, or chronic phases of treatment following 
an OVCF for pain control. The goal is to provide 
support, limit motion at the injury site, and 
improve posture, all in an effort to reduce pain 
and prevent deformity. Braces must be tailored 
to the patient’s needs, and most importantly, 
patients must be compliant for the brace to be 
effective. Furthermore, the brace should be 
affordable and easy to put on and take off. As the 
pain subsides, the brace can be slowly weaned 
off with a total brace time of 2–3 months follow-
ing the fracture [32].

Although bracing is commonly used in the 
treatment of OVCFs, the evidence regarding their 
utility is uncertain [27, 33, 34]. There is evidence 
for bracing following traumatic fractures but not 
for OVCF [32]. The options for bracing include 
flexible, semirigid, and rigid braces, and each 
comes in a variety of custom and prefabricated 
models. Thoracolumbar orthoses including the 
Jewett (Fig.  11.1), cruciform anterior spinal 
hyperextension (Fig.  11.2), and Knight-Taylor 
braces have been advocated by some authors 

[2, 35–37]. The more commonly available stan-
dard thoracolumbar and thoracolumbosacral 
orthoses (Fig.  11.3) can also be used; however 

Fig. 11.1 Jewett brace

Fig. 11.2 Cruciform anterior spinal hyperextension 
(CASH) brace

Fig. 11.3 Thoracolumbosacral orthosis (TLSO) 
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they are frequently cumbersome and can be dif-
ficult to put on and off. When to apply the brace, 
what type of brace to use, and how long to wear 
the brace are still questions that need to be 
answered formally.

In the initial 3  months following an OVCF, 
there is a paucity of literature looking at the direct 
effects of bracing; however, the majority of liter-
ature that discusses treatment options for OVCFs 
include bracing in the algorithm. Studies looking 
at three-point orthoses (3-POs) and corsets have 
shown varying results as to which is the preferred 
method of bracing in the acute treatment phase. 
Murata et  al. found that rigid external supports 
are more likely to prevent deformity and non- 
union compared to flexible corsets, whereas 
Meccariello et  al. found that flexible corsets in 
comparison to 3-POs showed greater improve-
ments in quality of life and function with less 
complications while providing equivalent stabili-
zation effects [38, 39]. Prospective studies look-
ing at conservative treatment with and without 
bracing are needed to better elucidate the effects 
of specific orthoses.

The strongest evidence exists for the use of 
bracing after the acute period. In patients who 
develop kyphosis, the utility of a semirigid 
backpack thoracolumbar orthosis has been 
described. Two studies by Pfeifer et al. demon-
strated using a thoracolumbar orthosis in the 
6-month period following an OVCF resulted in 
increased core strength, decreased kyphosis, 
decreased pain, and improved function and 
quality of life [40, 41].

Like other treatments, bracing also has its 
risks. Rigid braces can result in decubitus ulcers 
and infections. Although the studies above 
reported increased strength following bracing, 
some braces have been reported to result in weak-
ening of the axial musculature and decreased pul-
monary function. There is also the theoretical 
potential for fracture at the proximal and distal 
ends of the brace as there is an abrupt change in 
stiffness. Therefore, when bracing is used, 
patients and caregivers must be counseled on 
monitoring for side effects, and the duration of 
use should be limited.

As there are many brace options available, the 
decision to prescribe a particular brace should be 
based on patient comfort, compliance, and cost 
until there is clear evidence that one brace is 
superior.

 Psychological Treatment

Quality of life following an OVCF has been well 
studied and was shown to be negatively impacted 
[42–45]. In particular, following the resolution of 
pain, patients often have psychological impair-
ment. Patients have reported anxiety and depres-
sion and, as a result of kyphosis, abdominal 
protrusion, and activity limitation, can also have 
diminished self-esteem [44]. Additionally, a fear 
of falling, embarrassment, and frustration have 
been reported [43, 46].

Orthopedic surgeons play a role in the treat-
ment of the above conditions primarily through 
recognition of the condition in follow-up, but 
also in making referrals to person-centered and 
other supportive interventions for continued 
treatment following an OVCF. During follow-up, 
the surgeon must make it a point to inquire about 
patients’ quality of life and psychological issues 
as many patients may not openly offer this infor-
mation [43]. When abnormal moods and fear of 
functional impairments are identified, consulta-
tion with a physical therapist, psychologist, or 
psychiatrist may be warranted. In a study by 
Olsen et al., an exercise and education program 
led by a physical therapist showed a significant 
decrease in the fear of falling [47]. Gold et  al. 
showed that a physical therapist-led class was 
able to not only teach exercises but also stress 
reduction techniques, relaxation techniques, and 
lifestyle modifications to address psychological 
symptoms [48].
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Fig. 12.1 This lateral radiograph reveals consistent flow 
through the cancellous interstices of the vertebral body. 
This is done by using cement in a very liquid consistency, 
whereas the consistency of the cement is doughy in 
kyphoplasty and is not likely to be extruded into the canal

Outcomes of Non-operative 
Management and Vertebral 
Augmentation of Vertebral 
Compression Fractures
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The primary goals of treatment for VCFs are pain 
relief and restoration of vertebral body height. 
There are also secondary benefits of fracture 
treatment – preservation of the independence of 
the individual with the fracture, protection of pul-
monary function, and avoidance of medical com-
plications following the fracture. There are 
several treatment options available for these 
patients. Fortunately, the majority of these frac-
tures heal uneventfully with conservative man-
agement which typically consists of rest, 
short-term activity modification, bracing for 
comfort, and short-term use of calcitonin [1–4].

For those patients who have unrelenting pain 
or progressive collapse of the vertebral body, 
cement augmentation is an option.

The concept of vertebroplasty was initiated in 
France in 1987 for the treatment of symptomatic 
vertebral hemangioma [5]. This consisted of 
injection of a PMMA cement through a large 
needle in the vertebral body performed either 
unilaterally or bilaterally (Fig.  12.1). 
Improvement of pain was not found to correlate 
with the amount of cement injected, so this pro-
cedure could be done under local anesthesia and 
at a very low cost. The concept of vertebroplasty 

does not address the spinal deformity and uses 
high pressure cement in a very liquid form and 
therefore has a greater potential for leakage out-
side the vertebral body into the spinal canal and 
surrounding soft tissues.

The concept of kyphoplasty, which uses a 
bone tamp or balloon introduced into the verte-
bral body to create a cavity for implantation of 
the cement [6], is more expensive to use but has 
the potential to improve the kyphotic angle 
through the cavity creation and placement of a 
large volume of cement into the re-expanded 

R. A. McGuire Jr (*) 
Department of Orthopaedic Surgery, University  
of Mississippi Medical Center, Jackson, MS, USA
e-mail: rmcguire@umc.edu 

J. M. Zavatsky 
Spine and Scoliosis Specialists, Tampa, FL, USA

12

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-33861-9_12&domain=pdf
mailto:rmcguire@umc.edu


110

fractured vertebra. Additionally, the cement is 
thicker in viscosity which minimizes the risk of 
extrusion.

Three periods of time will be used to evaluate 
the evidence available for treating these fractures 
non-operatively and with cement augmentation 
using the two above techniques. We will use the 
available literature prior to the publication of the 
AAOS guidelines, the literature used for the pro-
duction of the AAOS guidelines, and then the lit-
erature published after the AAOS guideline 
publication.

 Pre-AAOS Guideline Evidence

Hulme et al. performed a systematic review of 69 
clinical studies comparing the use of vertebro-
plasty and kyphoplasty [7]. Review of these clini-
cal studies revealed no randomized or prospective 
articles at that time and very few prospective 
cohort studies. There were 22 kyphoplasty stud-
ies with 1288 patients, and the vertebroplasty 
group consists of 44 studies with 2958 patients. 
From the data analysis of this study, pain relief 
was achieved in 92% of patients who were treated 
with kyphoplasty, with the visual analog scale 
decreasing from 7.15 to 3.4. In the vertebroplasty 
group, 87% achieved some relief of their pain 
with the VAS decreasing from 8.2 to 3.0. There 
were a limited number of studies that involved 
the physical function, but it was felt that pain 
relief resulted in improvement of function in 
most patients.

When evaluating height restoration, measure-
ment techniques vary greatly from study to 
study, so it is difficult to compare the two tech-
niques directly. In the kyphoplasty group, there 
was an average of 6.6 degrees of kyphosis cor-
rection, and in 34% of the studies, there was no 
appreciable improvement in angular or height 
restoration. In the vertebroplasty group, there 
also was a 6.6 degree kyphosis correction with 
39% exhibiting no appreciable improvement in 
the kyphosis.

Reported complications consisted predomi-
nantly of cement leakage, which was noted 9% of 
the time in the kyphoplasty group and 41% of the 

time in the vertebroplasty group. Most of these 
cement leakages, however, were clinically 
asymptomatic in both groups. The most notable 
complication in both groups was the occurrence 
of fractures occurring at levels next to the treated 
level. This occurred in 15% of patients in the 
kyphoplasty group and 12.9% of patients in the 
vertebroplasty group.

Taylor [8, 9] and Liu [10] also published stud-
ies which were consistent with the finding of the 
Hulme [7] study. Liu et  al. [10] recommended 
vertebroplasty to be used in the treatment of VCF 
based on the higher cost of the kyphoplasty. Eck 
et al. [11] performed a meta-analysis of the litera-
ture comparing the two procedures; the findings 
of their study found an improvement of 4.6 points 
on the visual analog scale following kyphoplasty 
and 5.68 points following vertebroplasty. New 
fractures were also noted in 4.1% of those 
patients treated with kyphoplasty and 7.6% 
treated with vertebroplasty. They also noted 
cement leakage occurring in 7% of patients 
treated with kyphoplasty and 19.7% with 
vertebroplasty.

In conclusion, when evaluating the data from 
studies comparing vertebroplasty to kyphoplasty, 
pain relief was similar in both procedures, func-
tional improvement was tied to pain relief, and 
cement leakage was higher following vertebro-
plasty but, in most cases, was clinically irrele-
vant. The ability to restore height was only seen 
within the first 3–6  months and was somewhat 
better with kyphoplasty.

When evaluating these techniques to conser-
vative management, a study by Diamond et  al. 
[12] using a nonrandomized trial found that after 
cement augmentation, there was an earlier 
improvement in pain scores as well as improved 
physical function in those patients treated with 
vertebroplasty as compared to the control group. 
The benefits were usually seen within 24 hours, 
and patients treated with vertebroplasty seemed 
to have a more rapid rehabilitation and lower 
complication rate. The benefits however were 
only short term – after 6 weeks, compared to the 
control group, patients treated with vertebro-
plasty were noted to be fairly similar in all out-
come measures.
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Rousing et  al. [13] found that compared to 
non-operative treatment, vertebroplasty was suc-
cessful in improving pain early, but no difference 
was found between the two groups at 3 months. 
Wardlaw et al. [14] published the results of a ran-
domized trial comparing kyphoplasty to non- 
operative management and found that kyphoplasty 
was better than non-operative treatment with 
respect to pain improvement and functional out-
comes at 1 month, but those improvements were 
less apparent at 12  months. McGirt et  al. [15] 
published a systematic review using level 1 evi-
dence and found that compared to non-operative 
treatment, vertebroplasty and kyphoplasty 
showed better results in the first 2 weeks after the 
procedure. The level 2 and level 3 evidence 
revealed that patients who underwent kypho-
plasty or vertebroplasty had improved pain at 
6 months, but none of the studies showed over-
whelming differences between conservative and 
surgical management after that period of time. 
From the above studies, there appears to be some 
evidence that early treatment with cement aug-
mentation results in improved pain control, but as 
time progresses, these differences become 
negligible.

 AAOS Guidelines

The American Academy of Orthopaedic Surgeons 
convened a committee which met in 2009 and 
2010 to evaluate the existing body of published 
evidence in order to develop guidelines for the 
treatment of osteoporotic vertebral compression 
fractures. The resulting guidelines were pub-
lished in 2011 [16, 17]. What was noted at that 
time was the fact that there were very few level 1 
studies which could be used to develop these 
guidelines. Buchbinder et  al. [18] performed a 
multicenter, randomized, double-blind, placebo- 
controlled study looking at outcomes at 1 week 
and 1, 3, and 6  months. The primary outcome 
evaluated with this study was overall pain relief 
at 6  months. Seventy-eight participants were 
enrolled, 38 were treated with vertebroplasty, and 
40 underwent a sham procedure; 91% completed 
the 6-month study. This level 1 study found no 

benefit of vertebroplasty over sham surgery at 
any time point. Kallmes et al. [19] also published 
a randomized, prospective, multicentered study 
on patients that had failed medical treatment with 
fractures less than 1  year old; the primary out-
come measures were scored on the modified dis-
ability questionnaire, and patients rated their pain 
during the preceding 24 hours. Over 1800 patients 
were screened with 431 of the patients being eli-
gible; 70% declined participation in the study. In 
the end, there were only 131 patients enrolled in 
the study, and it was found that 43% of the con-
trol group crossed over to surgery by 3 months 
due to unrelenting pain. The findings reported 
showed a trend toward clinically meaningful 
improvement in the vertebroplasty group com-
pared to the control group (61% vs. 48%); how-
ever there was no statistical significance 
demonstrated at any point in time.

Based on the two studies in the New England 
Journal of Medicine, the AAOS guidelines that 
were developed recommended against vertebro-
plasty; this was based on the two level 1 and three 
level 2 studies with a strong consensus opinion. 
Strangely enough, kyphoplasty was noted to have 
weak support based on two level 1 studies. When 
comparing kyphoplasty to vertebroplasty, three 
studies showed inconsistent results, and there-
fore, no recommendation could be made.

 Post-AAOS Guidelines

Since the publication of the AAOS guidelines, 
there have been multiple studies comparing ver-
tebroplasty to conservative treatment. Klazen 
et  al. [20] published the Vertos II study which 
enrolled 431 patients; 229 patients improved 
with non-operative management, and 202 were 
randomized to receive cement augmentation. 
Cement augmentation resulted in significant 
pain relief at 1 month, and similar results were 
maintained at 1  year. Farrokhi et  al. [21] also 
published a randomized controlled study of ver-
tebroplasty compared to medical management 
and found that after vertebroplasty there was a 
significant decrease in pain and a significant 
improvement in the quality of life at 1  week; 
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this effect was sustained over 36  months. 
Berenson et al. [22, 23] published a randomized, 
controlled trial of cancer patients who sustained 
a fracture and randomized them to either kypho-
plasty or nonsurgical treatment. Patients who 
underwent kyphoplasty showed a substantial 
and statistically significant improvement as 
compared to the nonsurgical control group. 
Eddin et  al. [24] published a study evaluating 
the mortality risk following VCF in Medicare 
patients following operative versus non-opera-
tive treatment. They found that after 4 years, the 
survival rate for patients treated non-operatively 
was 50% compared to the operatively treated 
group which was 60.8%. When comparing ver-
tebroplasty and kyphoplasty, there was a 57.3% 
survival rate in patients treated with vertebro-
plasty and 62.8% in patients treated with 
kyphoplasty.

Anderson et al. [25] published a meta-analy-
sis of eight prospective randomized trials com-
paring vertebral augmentation to conservative 
treatment. The meta-analysis revealed greater 
pain relief, functional recovery, and quality of 
life with cement augmentation as compared to 
conservative treatment. Similar results were 
noted by Yang et al. [26], after they followed 107 
patients for 1  year. Wang et  al. [27] looked at 
studies comparing vertebroplasty to kyphoplasty 
for single- level compression fractures. They 
evaluated 8 studies involving 845 patients and 
found that there were no differences in long-term 
VAS scores, ODI scores, and short- or long-term 
SF 36 scores, or differences in adjacent segment 
fracture rates with either of these procedures. 
The study did however show kyphoplasty to be 
superior in correcting the kyphotic angle and 
vertebral body height as compared to 
vertebroplasty.

In summary, recent studies have shown that 
vertebroplasty and kyphoplasty can be used for 
the treatment of patients with osteoporotic com-
pression fractures in patients who fail to improve 
with medical management. Determining who 
will benefit from cement augmentation versus 
conservative treatment is an ongoing issue and 
warrants further research.

 Conclusion

Some patients with VCFs can benefit from 
cement augmentation. Studies show that the 
greatest benefit following cement augmentation 
is usually within the first 3 months following a 
fracture. Controversies exist in the literature with 
no study providing definitive evidence as to 
which patients will benefit most from cement 
augmentation. Patients who are immobilized due 
to chronic pain from their fracture should be 
offered the option of cement augmentation. 
Patients with pain from myeloma and lymphoma 
are also good candidates for treatment with 
cement augmentation. The use of kyphoplasty 
within 3 months of a VCF has the possibility of 
reducing kyphosis that resulted from the fracture. 
After 3 months, both vertebroplasty and kypho-
plasty have a low likelihood of kyphosis 
correction.
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Vertebroplasty Cement 
Augmentation Technique

A. Orlando Ortiz

 Introduction

It is now four decades since the first image- 
guided vertebroplasty procedure was performed 
in 1984 by Galibert and Deramond [1]. As com-
pared to the standard vertebroplasty procedure 
which is most often performed percutaneously in 
the thoracic or lumbar spine to treat an osteopo-
rotic vertebral compression fracture, this first 
image-guided vertebroplasty procedure was per-
formed transorally in the upper cervical spine for 
a painful C2 hemangioma. Indeed, vertebroplasty 
is a percutaneous procedure in which a bone nee-
dle is advanced using image guidance into a ver-
tebral body that has been fractured as a result of 
osteoporosis or, less commonly, neoplastic infil-
tration [2]. Acrylic bone cement, usually poly-
methyl methacrylate that is impregnated with 
barium for radiopacity, is injected through the 
bone needle into the vertebral body under direct 
imaging guidance [3]. The term vertebral aug-
mentation is now used as the acrylic bone cement 
is considered an implant that augments the 
strength of the damaged vertebra.

The first image-guided vertebroplasty proce-
dures that were performed in the United States 
commencing in 1993 were reported in 1997 [2]. 
Due to its early and dramatic success with respect 
to patient outcomes, this procedure was quickly 
adopted by those operators who perform percuta-
neous image-guided procedures. A review of the 
Medicare database from 2005 to 2008 showed 

Key Points
 1. Careful patient selection is a prerequi-

site to performing a safe and effective 
vertebroplasty procedure.

 2. Accurate needle placement whether 
unilateral or bilateral can be achieved 
with oblique “down-the-barrel” fluoro-
scopic imaging or with traditional fron-
tal pedicle-targeting techniques.

 3. Cement injection should be performed 
with meticulous imaging surveillance in 
order to avoid cement extravasation into 
the spinal canal, paraspinal veins, or 
intervertebral disk.

 4. Complications in vertebroplasty, though 
uncommon, can be further reduced by 
attention to specific procedure details 
including use of proper fluoroscopic 
techniques, consistent needle insertion 
maneuvers with an active appreciation 
of all osseous landmarks during the pro-
cedure, and exquisite attention to the 
cement injection process.
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that 63,983 vertebroplasty procedures were per-
formed over this 3-year period; in comparison 
119,253 kyphoplasty procedures were performed 
over the same time period [4]. A review of the US 
National Inpatient Sample from 2005 to 2010 
showed 81,790 vertebroplasty and 307,050 
kyphoplasty procedures were performed [5]. 
Now, given that approximately 700,000 osteopo-
rotic vertebral compression fractures occur each 
year within the United States, it is clear that 
cement augmentation is only performed on select 
patients. In other words, not every patient with an 
osteoporotic vertebral compression fracture is 
either a candidate for or requires a vertebral aug-
mentation procedure.

Multiple osteoporotic vertebral compression 
fracture treatments are available. These are gener-
ally categorized into noninvasive and invasive 
treatment interventions. Noninvasive treatments 
for painful osteoporotic vertebral compression 
fractures include medical management and physi-
cal therapy. Medical management typically 
includes a trial of bedrest and analgesics. The use 
of a back brace or orthosis is another possible 
treatment intervention that might provide the 
patient some increased stability when they attempt 
to stand and ambulate. Physical therapy with 
spine rehabilitation is another treatment alterna-
tive that is sometimes employed to assist patients 
with basic ambulation and to reduce the loss of 
bone and muscle mass that is associated with pro-
longed inactivity. It must be emphasized that just 
because these treatment interventions are consid-
ered noninvasive does not mean that they do not 
have potential adverse implications for patient 
outcomes [6, 7]. Prolonged bedrest is associated 
with muscle wasting and further bone demineral-
ization as well as the possibility of thromboem-
bolic disease, pneumonia, or skin breakdown with 
decubitus formation. Further deterioration of the 
injured vertebra with progression of height loss 
and possible osseous retropulsion into the spinal 
canal may occur. The latter may be associated 
with spinal cord compression and neurologic 
compromise (Fig. 13.1). Progression of a kyphotic 
deformity may predispose the patient to poor bal-
ance and falls. The presence of one osteoporotic 
vertebral compression fracture increases the odds 

ratio of developing a second, often adjacent level, 
fracture in the same patient [8]. Analgesics often 
have significant side effects that are not well toler-
ated by elderly patients. Furthermore, because of 
analgesic dosing limitations, the patients often 
find that they have significant pain on a daily 
basis. The frequent and improper use of heating 
pads can be associated with skin irritation and 
mild burns. The challenge with physical therapy 
is that it can potentially increase axial loading in a 

Fig. 13.1 A 97-year-old female with known T9 osteopo-
rotic vertebral compression fracture being managed with 
bedrest and analgesics for 4 weeks is no longer able to 
stand or walk. T2-weighted sagittal MR image shows a 
marked compression deformity of the T9 vertebral body 
(arrow) with osseous retropulsion (curved arrow) and 
acute spinal cord compression
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patient that is already compromised with a demin-
eralized axial skeleton and possibly accelerate 
height loss in the compressed vertebral body. 
Noninvasive treatment strategies, therefore, are 
not necessarily benign.

The invasive treatment strategies for manag-
ing painful osteoporotic vertebral compression 
fractures include open spine surgery and percuta-
neous vertebral augmentation. Spine surgery 
with fixation and possible decompression and/or 
fusion is at the most invasive end of the treatment 
spectrum [9]. In general, many patients are not 
candidates for these open surgical procedures 
due to their pre-existing comorbidities. 
Furthermore, osteoporotic bone can pose a chal-
lenge to adequate spinal fixation with instrumen-
tation. Nevertheless, in properly selected patients, 
this may be a necessary and viable treatment 
strategy, especially in patients with signs and 
symptoms related to spinal cord compression 
from retropulsed bone. Image-guided percutane-
ous vertebroplasty is an invasive procedure in 
which properly selected patients can achieve 
effective outcomes with respect to significant 
pain relief with low risk to the patient. Image- 
guided percutaneous vertebral augmentation has 
evolved into an important component of care for 
patients suffering from painful osteoporotic ver-
tebral compression fractures [10].

 Indication

Vertebroplasty is indicated to treat painful osteo-
porotic vertebral compression fractures of the tho-
racic and lumbar spine (Table  13.1). This 
indication requires that both a clinical and an 

imaging component be addressed prior to consid-
ering a patient for this procedure. Patients with 
symptomatic osteoporotic vertebral fractures have 
significant mid or low back pain that is exacer-
bated by standing or any other type of activity; the 
pain is often relieved by lying down. On physical 
examination the patient may demonstrate exqui-
site point spinal tenderness at the level of the frac-
ture and paraspinal tenderness in the area of the 
fracture; this clinical finding is even more appar-
ent using fluoroscopic evaluation. The patient’s 
pain diagram will indicate focal pain at the spinal 
level of the fracture, thoracic or lumbar, with ante-
rior radiation along the ribs and/or anterior 
abdominal wall, respectively. The patient’s pain 
should be significant, generally at least 7/10 on a 
numeric pain scale. There may be a transient or no 
response to narcotic analgesics. The onset of pain 
may be acute (measured in days) or be of subacute 
duration (approximately 3–12 weeks) and may be 
associated with an inciting event such as a fall or 
picking up a heavy object or a bumpy transporta-
tion ride. It is important to evaluate patients 
promptly after their fracture event because the 
opportunity for good outcomes in terms of pain 
relief and height maintenance of the injured verte-
bral body occur earlier in the patient’s clinical 
course. Early intervention avoids the treatment 
challenges of further vertebral collapse and helps 
to prevent the formation of focal kyphosis. As the 
primary goal of vertebroplasty is pain relief, pru-
dent patient selection requires that the patient 
have significant pain referable to their osteopo-
rotic vertebral compression fracture. A secondary, 
nevertheless important clinical feature is that the 
patient should show evidence of having osteopo-
rosis. If a history of osteoporosis is not already 
known, then the patient should undergo a bone 
density test in order to have a baseline value to 
monitor treatment; by definition, a compression 
fracture with a low energy mechanism by itself 
may be considered the confirmatory event. 
Obtaining the bone density test is the first step in 
initiating the medical management of the patient’s 
osteoporosis.

The role of imaging in the evaluation of a sus-
pected vertebral compression fracture is extremely 
important to patient selection. The patient’s pain 

Table 13.1 Vertebroplasty: indications and 
contraindications

Indication Contraindication
Painful osteoporotic vertebral 
compression fracture

Spinal cord 
compression

Painful pathologic vertebral 
compression fracture

Uncorrected 
coagulopathy
Systemic infection
Local infection: spine 
or skin
Uncooperative patient
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profile and clinical evaluation should correlate 
with the level of the fracture as seen on the imag-
ing examination. Many patients initially undergo 
plain radiographic evaluation (Fig.  13.2). These 
radiographs can be helpful as they may quickly 
identify an isolated vertebral compression fracture 
in a patient with acute severe back pain. When 
multiple vertebral compression deformities are 
present, it may not be possible to identify recent 
fractures unless prior radiographic studies are 
available. More importantly, plain radiographs are 
notoriously insensitive and can miss acute frac-
tures that have not yet demonstrated height loss. 
Magnetic resonance imaging (MRI) is the study of 
choice to evaluate patients with suspected verte-
bral compression fractures [11, 12]. Acute and 
subacute fractures can be readily identified due to 
the presence of marrow edema which manifests as 
hypointense signal on T1-weighted images and 
hyperintense signal on T2-weighted and inversion 
recovery sequences (Fig.  13.2). Vertebral body 
clefts, when present, are the result of avascular 
necrosis and are seen as fluid and/or gas contain-

ing collections located subjacent to a compressed 
vertebral endplate. MRI is used to evaluate whether 
there is spinal canal compromise by displaced 
fracture fragments and is also capable of identify-
ing other potential pain generators such as disk 
herniations or facet joint pathology. MRI can also 
be used to help differentiate between osteoporotic 
and pathologic vertebral compression fractures. 
When the patient cannot undergo MR imaging, or 
when there is concern regarding the cortical integ-
rity of the vertebral body, especially the posterior 
wall, computed tomography (CT) of the affected 
spine segment can be performed. CT is also help-
ful in identifying fracture lines, which may be a 
potential route for cement extravasation through 
the vertebral endplate or elsewhere. Vertebral end-
plate fractures are a very common component of 
osteoporotic vertebral compression fractures and, 
if not accounted for at the time of cement augmen-
tation, can be associated with intra-diskal cement 
extravasation [13, 14]. As with plain radiographs, 
acute fractures may be missed on CT (Fig. 13.3). 
Recent advancements with dual energy CT 

a b c

Fig. 13.2 A 93-year-old female with 1-month history of 
severe low back pain. (a) Lateral radiograph of the lumbar 
spine shows partial impaction vertebral compression 
deformities at L3 and L4 (arrows). (b) T1-weighted sagit-
tal MR image obtained a few days later shows low signal 
intensity within the anterior aspect of the L4 vertebral 

body (arrow) as well as a fracture line (curved arrow); 
small Schmorl’s nodes involve the superior and inferior 
endplates of L3. (c) Fat-suppressed T2-weighted sagittal 
MR image shows a horizontal hyperintense band of edema 
(arrow) adjacent to the superior endplate of L4 and consis-
tent with a subacute L4 vertebral compression fracture
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technology may indeed show marrow edema; 
however, clinical investigations are still ongoing 
[15]. Skeletal scintigraphy can be used to identify 
acute or subacute osteoporotic vertebral compres-
sion fractures or pathologic fractures related to an 
underlying neoplasm. An acute or subacute osteo-
porotic vertebral compression fracture will present 
as a focal area of increased radiotracer uptake on 
the static images.

Fluoroscopy provides a quick clinical and 
imaging overview of a patient with a suspected 
osteoporotic vertebral compression fracture. 
Palpation of the spinous process of the fractured 
vertebra may result in reproduction of the patient’s 
pain profile. In general, if there is pain provoca-
tion at the level of the patient’s vertebral compres-
sion fracture, then that patient may be a candidate 
for vertebral augmentation. Fluoroscopic evalua-
tion enables additional evaluation of a vertebral 
compression fracture for the purposes of treat-

ment planning in terms of morphology, height 
loss, presence or absence of a cleft, location in the 
vertebral column, and size of the pedicles. The 
visibility of the bony landmarks can also be 
quickly assessed in patients with poor bone min-
eralization and/or a large body habitus. 
Fluoroscopy is able to dynamically evaluate 
patients with fracture instability associated with 
endplate motion, a phenomenon which is some-
times seen in the thoracic spine and related to 
respiratory motion (Fig. 13.4). At the time of the 
fluoroscopic evaluation, it is immediately deter-
mined if the patient is able to lie prone, if they are 
cooperative, and how much pain the patient is 
experiencing especially with transfer onto and off 
the fluoroscopy table. Regardless of the imaging 
pathway that is used, the imaging study or studies 
should demonstrate a recent vertebral compres-
sion fracture that correlates with the patient’s 
clinical presentation.

a b c

Fig. 13.3 An 86-year-old female with low back pain 
after lifting a box. (a) Midline sagittal CT reformation in 
bone window algorithm shows a partial impaction verte-
bral compression fracture that involves the superior end-
plate of L4 (arrow); on this isolated study, the L4 fracture 
is age-indeterminate. (b) T1-weighted sagittal MR image 

shows focal hypointensity within the superior endplate of 
L4 (arrow). (c) Fat-suppressed T2-weighted sagittal MR 
image shows a band of hyperintensity (arrow) within the 
superior endplate of L4. The findings are consistent with a 
subacute L4 vertebral compression fracture
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In addition to pain relief, another goal of ver-
tebroplasty is to prevent further height loss in an 
already compromised and weakened vertebral 
body. This may retard the progression of kypho-
sis that is sometimes associated with wedging of 
the untreated fractured vertebral body. By avoid-
ing further kyphosis, there may be fewer patient 
falls and fall-associated injuries.

The other treatment alternative to vertebro-
plasty is kyphoplasty or balloon-assisted verte-
broplasty [3]. The latter procedure includes 
temporary inflation of a balloon tamp within the 
fractured vertebra in order to attempt to restore 
height and to create a space or cavity within the 
damaged vertebral. The cavity that is created by 
temporary balloon tamp inflation is the initial 
reservoir for injected cement and is thought to 
reduce the likelihood of cement extravasation 
beyond the vertebral body and may reduce the 
incidence of cement embolization due to high 
pressures. There are over 100 studies in the litera-
ture which compare vertebroplasty with kypho-
plasty, and overall, both procedures are 
considered safe and effective. There are some 
advantages that vertebroplasty has over 
 kyphoplasty . Since vertebroplasty entails one 

less step than kyphoplasty and tends to use 
smaller-gauge (e.g., 11- or 13-gauge) bone nee-
dles, it can be performed quite efficiently. 
Therefore, in patients who cannot tolerate a long 
procedure due to comorbidities, a vertebroplasty 
may be the better procedure. Also, smaller gauge 
needles might be useful in patients with a propen-
sity to hemorrhage or in whom anticoagulation 
will be resumed shortly after the procedure.

Understanding the contraindications to cement 
augmentation is critical (Table  13.1). Cement 
augmentation is not indicated in patients with 
acute spinal cord compression (Fig. 13.1). Those 
patients require the immediate attention of a spine 
surgeon for possible decompression surgery. In 
the neurologically intact patient, the presence of 
bony retropulsion into the spinal canal is not a 
contraindication to cement augmentation [16] 
(Fig.  13.5). Cement augmentation is contraindi-
cated in patients with uncorrected coagulopathy – 
the appropriate clinical steps must be taken in 
order to apply hold or bridging strategies in 
patients on anticoagulant and/or antiplatelet ther-
apy so that this elective procedure can be per-
formed safely [17]. Cement augmentation should 
not be performed in patients with concurrent sys-

a b c d

Fig. 13.4 An 83-year-old female with osteoporosis, who 
self-discontinued bisphosphonates, experienced sudden 
severe mid back pain 5 weeks earlier while attempting to 
bend over and put on her shoes. T1-weighted sagittal MR 
image (a) shows a partial impaction-type vertebral com-
pression deformity at T9 (arrow) with low signal intensity 
consistent with edema. T2-weighted sagittal MR image 
(b) shows a hyperintense fluid cleft (arrow) within the ver-

tebral body. The patient underwent conservative manage-
ment, including physical therapy, but her pain persisted. 
Lateral radiograph of the thoracic spine (c) now shows a 
vertebra plana deformity (arrow) at T9 and osteopenia. 
Lateral fluoroscopic image (d) with the patient in the 
prone position shows focal expansion (arrow) of the T9 
vertebral endplates which moved with the patients 
respirations
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temic infection – infections must first be treated, 
and the patient must be medically cleared prior to 
performing the procedure. Similarly, patients with 
spine infections are not candidates for cement aug-
mentation. Because many patients with osteopo-
rotic fractures are elderly and are often at prolonged 
bedrest, they may develop decubitus ulcers, espe-
cially at the apex of a kyphotic deformity. The pro-
cedure should be postponed in these patients until 
after these skin lesions undergo appropriate wound 
care therapy. The procedure cannot be performed 
in an uncooperative patient.

Careful patient selection is a prerequisite to 
performing a safe and effective cement augmen-
tation procedure. The ideal candidate has a recent 
(acute or subacute) single-level osteoporotic ver-
tebral compression fracture with focal severe 
pain that corresponds to the level of the fracture 
as seen on the imaging examination. Patients that 
were very active prior to sustaining their verte-
bral compression fracture tend to improve quicker 
and may have better outcomes than patients who 
are sedentary or chronically bedridden.

 Vertebroplasty Technique

Prior to a vertebroplasty procedure, it is impor-
tant that the patient refrain from oral intake for at 
least 8 hours. Laboratory parameters that are ana-

lyzed prior to the procedure include hematologic, 
coagulation, and renal profiles. Informed consent 
is obtained prior to the procedure. Vertebroplasty 
can be performed using either general intrave-
nous anesthesia or intravenous sedation and local 
analgesia. Intravenous access is ideally obtained 
within the forearm or hand; the antecubital fossa 
should be avoided as the patient’s arms are often 
bent when they are placed on the procedure table 
and this arm position may impede the function of 
the intravenous line. When patient comorbidities 
prevent the use of sedatives and analgesics, the 
procedure can be performed using local anes-
thetic agents alone. Vertebroplasty can be per-
formed on an outpatient or an inpatient basis, 
depending upon the clinical situation. An intrave-
nous antibiotic, for prophylaxis, is routinely 
given in our practice, within an hour of the start 
of the procedure. The physician should review 
the patient’s imaging studies before the  procedure 
and, whenever possible, have immediate access 
to the patient’s key imaging studies at the time of 
the procedure. The use of a “time-out” with the 
procedural staff before the patient is prepped and 
sedated will assist in confirming the specific ver-
tebral level(s) that will require treatment.

It is important that all vertebral augmentation 
procedures be performed using strict aseptic 
technique. This procedure is performed with 
imaging guidance, usually a multidirectional 

a b c

Fig. 13.5 An 89-year-old female with crippling low back 
pain that necessitated hospitalization. Lateral radiograph 
of the lumbar spine (a) shows diffuse osteopenia and mul-
tiple vertebral compression deformities (arrows) at L1, 
L2, and L3. T1-weighted sagittal MR image (b) shows 

hypointense signal (arrows) within portions of the affected 
vertebral bodies; a vertebra plana deformity is present at 
L2. T2-weighted sagittal MR image (c) shows hyperin-
tense clefts (arrows) within L1 and L2 and edema within 
L3 (arrow)
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single or biplane fluoroscope, but some physi-
cians prefer to perform the procedure using com-
puted tomography or computed tomography with 
fluoroscopy. It is critical to have access to high- 
quality imaging so that key bony landmarks, 
including the spinous process, pedicles, and ver-
tebral body margins, are readily visualized. The 
patients are carefully positioned in the prone 
position, and every attempt is made to bolster the 
patient to facilitate hyperextension at the level of 
the vertebral compression fracture. This maneu-

ver has been reported to predispose to height res-
toration even with vertebroplasty [18]. The skin 
is then prepped and draped using strict sterile 
technique. For thoracic procedures it is impor-
tant to make sure that all monitoring leads are 
placed outside of the fluoroscopic field of view. 
Once the patient is positioned and prepared, the 
vertebroplasty procedure can then be initiated; 
this consists of a two-step process: (1) needle 
placement and (2) cement injection (Table 13.2) 
[19, 20].

Table 13.2 Tips for improving patient outcomes with vertebroplasty

Patient selection
Severe axial back pain corresponding to the level of the vertebral compression fracture
Significant disability as seen on validated disability scales such as the Oswestry Disability Index or SF-36
Strict adherence to indications and contraindications
Optimized imaging
Operator is able to visualize all osseous landmarks on frontal and lateral fluoroscopic projections: pedicle outline, 
spinous process, vertebral body margins (anterior, posterior, lateral, superior, and inferior endplates)
Equipment for vertebroplasty
Bone needles: straight, curved
Needle approaches: transpedicular, parapedicular
Cement: opacified, high-viscosity
Cement injection: meticulous
Patient follow-up and evaluation
Monitor and document patient’s pain profile and disability scores
Osteoporosis management
  Current bone density test
  Patients with osteoporosis will need to be on treatment
Physical therapy
  Gait and balance training

Fig. 13.6 Step-by-step vertebroplasty. Oblique fluoro-
scopic image (a) shows needle placement (arrow) for 
anesthetic infiltration over the posterior surface of the 
pedicle (medial pedicle cortex indicated by small arrows). 
Oblique fluoroscopic image (b) during initial bone needle 
insertion (arrow) along lateral margin of the upper outer 
quadrant of the pedicle (p). Note the position of the pedi-
cle relative to the superior endplate (dashed line) with the 
degree of obliquity indicated by the position of the spi-
nous process (asterisk). Lateral fluoroscopic image (c) 
shows the position of the needle tip (arrow) on the poste-
rior pedicle cortex. Lateral (d) and frontal (e) fluoroscopic 
images show the needle tip (arrow) entering the junction 
between the pedicle and posterior vertebral body. As 
shown on the frontal image, (e) the needle tip has not yet 
crossed the medial pedicle cortex (dashed line). Overhead 
photograph (f) of a vertebral body model to show the posi-
tion of the needle tip (arrow) as it just enters the posterior 
vertebral body from the pedicle. The needle tip, as in (d) 
and (e), has not yet crossed the boundary (dashed line) of 
the medial pedicle cortex. Lateral (g) and frontal (h) fluo-

roscopic images show advancement of the needle tip 
(arrows) into the anterior one-third of the vertebral body 
just beyond the midline (dashed line). Lateral (i) and fron-
tal (j) fluoroscopic images show coaxial replacement of 
the bone needle stylet with a cement introducer (large 
arrow); the bone needle cannula (small arrow) has been 
partially retracted into the posterior vertebral body. 
Lateral (k) and frontal (l) fluoroscopic images show 
obtained during the initial phase of cement injection the 
focal accumulation of opacified cement (dashed circle) 
just anterior to the cement introducer. Lateral (m) and 
frontal (n) fluoroscopic images show filling of the anterior 
vertebral body with cement (arrows) as the cement intro-
ducer is gradually retracted. Lateral fluoroscopic image 
(o) at the completion of injection shows removal of the 
cement introducer and replacement of the bone needle 
stylet. An endplate-to-endplate cement fill pattern (arrow) 
is seen within the anterior column. Frontal fluoroscopic 
image (p) shows midline and intravertebral location of the 
cement (arrow)
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 Equipment: Bone Needles

Bone needles for vertebroplasty range in size 
from 13 to 10 gauge and in length from 10 to 
15 cm. The bone needle stylets consist of either 
beveled or diamond tips. The beveled tip does 
allow for slight steering of the bone needle as it 
is advanced into the vertebral body. Smaller 
gauge bone needles are often used to perform 
vertebroplasty within the upper thoracic spine 
where the pedicles are smaller. Larger gauge 
bone needles can accommodate biopsy cannulas 
or coaxial bone cannulas that can be used for 
cement injection. These large needles can also 
accommodate a curved bone needle that can be 
used to cross the midline of the anterior column 
using a unilateral approach [21]. Alternatively, 
the midline can be approached with a straight 
bone needle by using a lateral start point with a 
medial trajectory.

 Needle Placement

Vertebroplasty is performed using either a unilat-
eral or bilateral approach with the goal being to 
reach the anterior and paramedian aspect of the 
vertebral body (Fig. 13.6). A transpedicular route 
is often used as this “down-the-barrel” approach 
allows a relatively safe passage of the bone needle 
into the vertebral body. This is often performed 
with a 10-, 11-, or 13-gauge bone needle. A bone 
biopsy, when indicated, can be performed as the 
needle system is amenable to the coaxial insertion 
of a biopsy cannula. Appropriate alignment of the 
spine at the treatment level using patient position-
ing and positioning of the fluoroscope(s) is impor-
tant in order to determine the optimal skin entry 
site(s) for the bone needle(s). A bone needle can 
be inserted into the vertebral body either by going 
directly through the pedicle (transpedicular) or by 
entering along the lateral margin of the pedicle 
(parapedicular). True extra-pedicular approaches, 
which  completely avoid the pedicle, and involve 
insertion directly into the lateral aspect of the ver-
tebral body, are infrequently used; when they are 
utilized, extra-pedicular approaches are most 
often used in the lumbar spine.

The author’s preferred technique will be 
described here using a transpedicular approach. 
The fluoroscope is rotated such that the pedicle 
overlies vertebral body. In general, the cranio- 
caudal angulation of the fluoroscope should place 
the pedicle within the upper one-third of the ver-
tebral body (Fig. 13.6). Mediolateral rotation of 
the fluoroscope should place the pedicle in a 
slight “scottie-dog” configuration or within the 
lateral one-third of the vertebral body. The steeper 
the angulation of the fluoroscope, the more 
medial (relative to the midline) the needle will 
travel within the vertebral body. Some physicians 
will use this steeper angle in order to perform the 
procedure from a unilateral approach. A bilateral 
approach is preferred by some as it enables con-
sistent access to both sides of the anterior aspect 
of the vertebral body. Regardless of the approach, 
sound fluoroscopic and radiation protection tech-
niques should be utilized in order to minimize 
radiation exposure to the patient and to all per-
sonnel within the operative suite [22].

The skin is marked with a sterile marker at the 
site of intended skin entry. The skin is anesthe-
tized with local anesthetic as are the subcutane-
ous tissues. A 22-gauge spinal needle is advanced 
to the periosteal surface of the posterior pedicle 
in order to anesthetize the periosteal entry site 
with local anesthetic. This serves as an opportu-
nity to modify the subsequent bone needle inser-
tion and trajectory if necessary and is also an 
important step for patient comfort. A small inci-
sion is made at the skin entry site using a #11 
scalpel blade. The bone needle is advanced to the 
pedicle surface under imaging guidance 
(Fig. 13.6). A long clamp is used to hold the bone 
needle as it is advanced to the target entry site. 
The use of a sterile clamp keeps the operator’s 
hands out of the fluoroscopy field. For transpe-
dicular access, the upper outer quadrant is the 
initial entry site into the pedicle. The needle is 
advanced through the pedicle with a forward 
twisting motion; this enables the needle tip to cut 
through and penetrate the pedicle cortex. Another 
option is to use a surgical hammer to tap the bone 
needle handle in order to advance the bone nee-
dle. The bone needle is slowly advanced under 
fluoroscopic guidance into the posterior vertebral 
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body (Fig.  13.6). The relationship of the bone 
needle tip with respect to the medial pedicle cor-
tex and the posterior vertebral body should be 
continuously monitored with fluoroscopy in at 
least the frontal and lateral projections. On a 
frontal projection of the vertebral body, the bone 
needle should never cross the medial pedicle cor-
tex until it has entered the posterior vertebral 
body as seen on a lateral projection (Fig. 13.6). If 
the bone needle tip crosses the medial pedicle 
cortex before it enters the vertebral body, then the 
bone needle is entering the spinal canal. Once the 
bone needle safely enters the posterior vertebral 
body, it can be advanced to the desired position 
within the vertebral body using both frontal and 
lateral fluoroscopic guidance. The target position 
for the needle tip is within the anterior one-third 
of the vertebral body as seen on the lateral projec-
tion and at last midway into the ipsilateral half of 
the vertebral body as seen on the frontal projec-
tion if using a bi-pedicular technique or at least 
just across the midline if using a unilateral 

approach (Fig.  13.7). Once the physician has 
optimized the needle position, cement injection 
may proceed.

If a satisfactory needle purchase on the poste-
rior surface of the pedicle cannot be obtained or 
if the pedicle is of insufficient size to safely 
accommodate the bone needle, then a parapedic-
ular approach can be used. Again, as soon as the 
needle tip reaches the medial border of the pedi-
cle as seen on the frontal projection, its depth 
should be anterior to the posterior wall of the ver-
tebral body as seen on the lateral projection. 
Some physicians prefer to use measurement tech-
niques on the frontal projection in order to plan 
their trajectory through the pedicle into the verte-
bral body. This is an adaptation of percutaneous 
pedicle screw placement for establishing a bilat-
eral transpedicular approach into the vertebral 
body using a well-aligned (parallel vertebral end-
plates) and centered frontal fluoroscopic projec-
tion with the spinous process equidistant between 
the pedicles [23]. The endplates of the affected 

a

d e

b c

Fig. 13.7 Same patient as in Fig. 13.5. Lateral (a) and 
frontal (b) fluoroscopic images show bilateral transpedic-
ular insertion of 11 gauge bone needles (arrows) into an 
L2 vertebral plana deformity. Frontal and lateral fluoro-
scopic images (c) show acrylic bone cement (arrows) that 
was injected through coaxial bone filler cannulas into the 
anterior column of the vertebral body. Frontal and lateral 

fluoroscopic images (d) show unilateral transpedicular 11 
gauge bone needle insertion (arrow) into the L1 vertebral 
body. Frontal and lateral fluoroscopic images (e) show the 
coaxial exchange for a bone biopsy cannula (arrows) 
which was used to obtain three bone cores from this verte-
bral body
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vertebral body should be aligned in a parallel ori-
entation in both the frontal and lateral projec-
tions. The pedicles should be located within the 
upper half of the vertebral body on the frontal 
projection and should be aligned or overlapping 
on the lateral projection. The initial identification 
of the bone needle trajectory is performed using 
the frontal projection. The clamp or spinal needle 
can be used to identify the pedicle, and a skin 
mark is made using a sterile marker 1–2 cm lat-
eral to the pedicle and slightly superior to the 
pedicle. The use of fluoroscopy, with frontal and 
lateral projections, during the application of local 
anesthetic with the spinal needle, will confirm 
that the appropriate skin entry site has been deter-
mined. The target point for bone needle insertion 
is at the intersection of the base of the transverse 
process and facet; this is the 10 or 11 o’clock 
position for the left pedicle and the 2 or 3 o’clock 
position for the right pedicle, as seen on the fron-
tal projection with the patient prone. As the bone 
needle is advanced through the pedicle, it is 
directed toward the wall of the medial pedicle, 
just inside the medial wall of the pedicle. When 
the bone needle tip reaches approximately 3 mm 
beyond the junction of the pedicle and vertebral 
body as seen on the lateral projection, it should 
lie within the center of the pedicle, lateral to the 
medial pedicle wall, as seen on the frontal projec-
tion. With this technique, a bone needle can be 
safely placed within the paramedian aspect of 
each half of the vertebral body as seen on the 
frontal projection.

At the physician’s discretion, a bone biopsy 
can be performed during the process of needle 
insertion; some prefer to perform a biopsy during 
all of their vertebral augmentation procedures 
[24]. It is reasonable to consider a biopsy proce-
dure in patients with a prior history of cancer or 
imaging findings that are suspicious for patho-
logic fracture (Fig. 13.7). The biopsy can be per-
formed using coaxial technique with a bone 
biopsy needle that is advanced through the can-
nula. The bone biopsy needle can be inserted 
once the initial bone cannula is situated within 
the substance of the pedicle in order to maximize 
the number of biopsy samples. When possible 
three bone cores should be obtained for patho-

logic analysis and submitted in a formalin speci-
men container [25]. If a bone aspirate is obtained, 
this should also be submitted for pathologic anal-
ysis as the sample may contain a diagnostic 
specimen.

 Equipment: Bone Cements

The bone cements that are used for vertebroplasty 
are injected in a flowable state and become fully 
cured within the vertebral body within a short 
period of time (approximately 4–20  minutes, 
depending upon the manufacturer). The most 
common acrylic bone cement that is used for ver-
tebroplasty is polymethyl methacrylate (PMMA). 
These cements have undergone significant 
improvements that have optimized their use in 
vertebral augmentation procedures. The poly-
methyl methacrylate is impregnated with sterile 
barium sulfate, approximately 30% weight/vol-
ume barium sulfate added to polymethyl methac-
rylate powder, for radio-opacification. A liquid 
monomer is added to the polymer powder and the 
two agents are mixed in a mixing chamber. The 
“working time” of the cement preparation is 
defined as the time when mixing is completed 
(anywhere from 30  seconds to a few minutes, 
depending on the manufacturer of the cement 
preparation) until the time that the cement hard-
ens and can no longer be injected. These PMMA 
cement preparations offer reasonable working 
times, approximately 10–20  minutes depending 
on the ambient room temperature. Commercially 
available preparations provide pre-measured 
amounts of the two reagents and the mixing vehi-
cles, either manual or motorized. All of this equip-
ment has been pre-sterilized and is available for 
one-time use. A key advance with these medical 
grade acrylic bone cements has been the develop-
ment of high-viscosity bone cements. The use of 
high-viscosity bone cement has the potential to 
decrease the likelihood of cement extravasation 
beyond the vertebral body [26]. Nevertheless, all 
cement injections should be performed with 
meticulous imaging surveillance in order to avoid 
cement extravasation into the spinal canal, para-
spinal veins, or intervertebral disk.
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Extensive attempts have been made to develop 
more biocompatible bone cements for vertebral 
augmentation [27]. One type of bone cement that 
can be used for vertebroplasty is bioceramic bone 
cement, which is composite acrylic bone cement 
that consists of cross-linked resins and glass 
ceramic particles [28]. Unlike PMMA, this 
cement is hydrophilic, a property which facili-
tates cement spread within the vertebral body. 
Also unlike PMMA, it is osteoconductive and 
stimulates bone apposition along its margins. In 
addition to these latter two properties, this cement 
functions similarly to cortical bone in terms of 
restoring compressive strength to the damaged 
vertebral body. An important advantage of this 
clinically available cement is its mix on demand 
feature that allows for multiple uses during one 
procedure; the cement cures within 3–4 minutes; 
hence it should be injected using a coaxial system 
(Fig.  13.8). Calcium phosphate cements have 
also been used for vertebroplasty procedures due 
to their biocompatibility and osteoconductivity 
and osteo-integrative properties. Unfortunately, 
many of these calcium phosphate cements pro-

vide poor structural reinforcement of the verte-
bral body. Attempts at developing other injectable 
cements such as calcium sulfate and magnesium 
sulfate cements have shown very limited 
applications.

 Cement Injection

The cement, once prepared, can be injected with 
the cement delivery system that is supplied by 
the manufacturer  – this often consists of a 
hydraulic plunger system that is activated by 
rotating the handle of the plunger. Alternatively, 
1  mL syringes can be filled with cement, and 
these can be used to inject the cement through 
the bone needle and into the vertebral body. 
Another option involves the use of coaxial bone 
filler cannulas or cement introducers (Fig. 13.7). 
These bone filler devices are filled with the 
cement and then inserted coaxially through the 
bone needle. A small stylet is used to extrude 
cement from the bone filler device into the verte-
bral body. The syringe and bone filler device 

a b c

Fig. 13.8 A 28-year-old female with history of chronic 
steroid use for systemic lupus erythematosus and bedrid-
den due to crippling back pain. T2-weighted sagittal MR 
image (a) shows multiple areas of T2 hyperintensity 
within the vertebral endplates (arrows) at the thoracolum-
bar junction. Lateral fluoroscopic image (b) during the 

injection of bioceramic cement (arrow) using coaxial 
technique. Frontal fluoroscopic image (c) shows bioc-
eramic bone cement within the T11, T12, and L1 vertebral 
bodies (arrows). The patient experienced complete relief 
of her back pain symptoms
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techniques offer tactile feedback during the 
cement injection process. The coaxial bone filler 
cannula technique offers the additional advan-
tage of not obstructing the bone needle cannula 
with hardened cement and reduces the likelihood 
of a “cement tail” along the needle insertion 
tract. With this latter technique, the bone needle 
stylet is reinserted into the initially placed bone 
cannula (Fig. 13.6). This maneuver serves a dual 
purpose  – to ascertain that no residual cement 
has entered the bone cannula forming a cement 
tail and to provide tamponade along the needle 
insertion tract facilitating hemostasis. With all of 
these injection vehicles, the goal is to deposit 
cement within the vertebral body to stabilize the 
anterior column. It is not necessary, and in fact, 
may be disadvantageous, to attempt to fill the 
entire vertebral body with bone cement. Another 
system utilizes the application of a radiofre-
quency pulse to immediately increase the cement 
viscosity at the time of injection; this system 
also requires a hydraulic injection device to 
deliver the very thick cement. A small volume of 
cement, in the range of 2.5–4.5 mL, is all that is 
required in order to restore vertebral body 
strength as shown in biomechanical studies [20]. 
The endpoints for stopping the cement injection 
include adequate, endplate-to- endplate filling of 
the anterior column of the vertebral body, cement 
entering the venous plexus within the posterior 
vertebral body, cement approaching or extending 
through a vertebral endplate defect, or cement 
extending beyond a vertebral body cortical mar-
gin in any direction.

Once cement injection is completed, the bone 
needle(s) can be removed. If there is a concern 
for cement extension along the bone needle inser-
tion tract, then each bone needle is slowly 
retracted to the posterior pedicle. If there is no 
cement in the pedicle or bone needle cannula, 
then the bone needle can be safely removed. If 
there is cement within the pedicle and it extends 
into the cannula, then the physician should wait 
until the cement hardens (the specifications for 
cement hardening vary with the manufacturer of 
the cement). Once this occurs, safe retraction of 
the bone needle to the margin or edge of the pos-
terior pedicle cortex is possible. A gentle rocking 

of the bone needle tip should sever the potential 
cement tail such that it is retained within the bone 
cannula and not in the patient’s subcutaneous tis-
sues. The latter is undesirable because the cement 
tail might irritate the soft tissues. After removal 
of the bone needle, hemostasis is achieved at the 
needle insertion site by firm hand compression 
for a few minutes.

After the procedure, the patient is transferred 
to a stretcher and allowed to recover in the supine 
position. The recovery time is approximately 
3 hours and includes monitoring of the puncture 
site for swelling or active bleeding and monitor-
ing of the patient’s vital signs and pain profile. 
Patients are discharged home with discharge 
instructions and with a follow-up appointment. 
At our institution, we perform follow-up tele-
phone calls 1 day and 1 week after the procedure 
and then see the patient in clinic for separate vis-
its, at 3  weeks, 3  months, and 1  year. It is 
extremely important to see and examine the 
patient in follow-up. This helps to determine the 
success of the procedure, to evaluate for any 
adverse events, and to reinforce preventive mea-
sures such as osteoporosis management and 
physical therapy with gait and balance training 
(Table 13.2).

 Special Situations

The occurrence of multiple synchronous or meta-
chronous vertebral compression fractures in 
patients with osteoporosis is not uncommon. In 
one series in which multilevel vertebroplasty was 
performed, approximately one-third (27.2%) of 
130 consecutive patients had 3 or more painful 
vertebral compression fractures [29]. In this 
series the patients had their multiple fractures 
treated in one session; up to six fractures were 
treated in one patient. There were no significant 
differences between the two patient groups with 
respect to the achievement of marked pain relief 
and no adverse outcomes. Another study showed 
that the pain relief and mobility improvement 
was equivalent in patients with multiple fractures 
treated in one session or in patients with fractures 
treated at different sessions as compared to 
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patients with a single treated fracture [30]. It is 
therefore possible to safely treat multiple osteo-
porotic vertebral compression fractures 
(Fig.  13.9). This treatment decision, however, 
will be influenced by the patient’s comorbidities, 
their pre-procedure requirements for anticoagu-
lation, and their ability to tolerate a longer and 
more extensive procedure. It is important to 
determine the causes of patients’ osteoporosis 
and to treat accordingly. The use of a spine brace 
may be a reasonable temporary treatment inter-
vention in those patients who are experiencing 
new vertebral compression fractures and in whom 
aggressive osteoporosis therapy is being initi-
ated. At present, prophylactic vertebral augmen-
tation, the protective treatment of non-fractured 
osteoporotic vertebra in patients highly suscepti-
ble to incident vertebral compression fractures, is 
not an indication for the performance of vertebral 
augmentation in the United States.

Another situation that can pose a challenge is 
the presence of rotatory scoliosis. This complex 
anatomy is best approached by utilizing the mul-
tiplanar capabilities of the fluoroscope to help 

position the patient such that satisfactory align-
ment of bony landmarks is achieved at the treat-
ment level. Care must be taken during the initial 
bone needle placement and advancement in order 
to avoid the spinal canal. The position of the nee-
dle tip within the anterior column of the vertebral 
body should be confirmed with multiple projec-
tions prior to initiating cement injection. The 
presence of a vertebra plana deformity can pose 
a significant treatment challenge. In these 
patients, it is challenging to place even one bone 
needle within the limited volume of the residual 
vertebral body. Since the lateral portion of the 
vertebral body is usually more intact with respect 
to height preservation, it is recommended that a 
bilateral approach be used for patients with verte-
bra plana (Figs. 13.7 and 13.10). Smaller gauge 
needles may be helpful in traversing the narrow 
space between the collapsed vertebral endplates. 
Cement injection should occur slowly with small 
amounts (approximately 0.1  mL aliquots) 
injected at a time in order to minimize or avoid 
cement extravasation. This maneuver may also 
allow for gradual filling of any vertebral clefts 

a b

Fig. 13.9 A 79-year-old female with prior multiple falls 
with crippling low back pain. T2-weighted sagittal MR 
image (a) shows multiple partial vertebral compression 
deformities with T2 hyperintensity (edema) present in all 
five lumbar vertebra (arrows). The patient was treated as 

an outpatient with vertebroplasty in two sessions over a 
2-week period, and all five lumbar vertebral bodies were 
stabilized (arrows) as shown on the frontal fluoroscopic 
image (b) with dramatic relief of her back pain 
symptoms

13 Vertebroplasty Cement Augmentation Technique



130

within the collapsed vertebral body. Sclerotic 
vertebral bodies can also be challenging to treat. 
These vertebrae may be sclerotic due to the pres-
ence of a chronic yet painful fracture or reflect 
the presence of a sclerotic bone lesion such as 

metastasis. It can be quite difficult to advance the 
bone needle into these painful sclerotic vertebral 
bodies. In these situations, the use of a mallet 
may prove useful to help advance the bone 
needle.

a

d e

b c

Fig. 13.10 An 80-year-old female with chronic low back 
pain of 5 months duration not responding to medical man-
agement and physical therapy. T2-weighted sagittal MR 
image (a) obtained 1 month after symptom onset shows a 
partial L1 vertebral compression deformity (arrow) which 
contains a small cleft and is associated with a superior 
endplate fracture and edema and morphologic alteration 
of the T12-L1 intervertebral disk. Midline sagittal CT ref-
ormation in bone window algorithm (b) obtained 4 months 
after symptom onset shows progression of the L1 verte-

bral compression deformity (arrow) with a fracture 
through the anterior aspect of the superior endplate 
(curved arrow). Frontal fluoroscopic image (c) obtained 
during a vertebroplasty procedure shows the sequential 
gradual injection of thick acrylic bone cement (arrow) 
using a bilateral transpedicular approach. Frontal (d) and 
lateral (e) fluoroscopic images show cement within the L1 
vertebral body (arrows) and no evidence of cement extrav-
asation. The patient responded favorably to this treatment
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 Vertebroplasty Complications 
and Their Treatment

Vertebroplasty complications can be categorized 
as either local or systemic (Table 13.3). The over-
all complication rate that is associated with verte-
broplasty is <1% in those cases where osteoporotic 
fractures are being treated and <5% for the treat-
ment of pathologic vertebral compression frac-
tures [20, 31]. The most common event that 
occurs during vertebral augmentation procedures 

is cement leak, defined as extension of injected 
bone cement beyond the vertebral body margins 
[32]. Clinically significant cement leaks occur 
more frequently in patients with pathologic verte-
bral compression fractures. In patients with osteo-
porotic vertebral compression fractures, most 
leaks are local and asymptomatic [33]. It is only 
when the cement encroaches upon a neural struc-
ture that the cement leak becomes a complication 
of the procedure with the possibility of myelopa-
thy or radiculopathy (Fig.  13.11). The extent of 

Table 13.3 Vertebroplasty complications

Local complication Management strategy
Vascular injury
Direct: needle puncture
  Epidural hematoma
  Paraspinal hematoma
  Subcutaneous hematoma
Indirect: coagulopathy

1. Review pre-op imaging
2. Use of fluoro-guided needle targeting
3. Check coagulation studies prior to the procedure
4.  Use transient hold or bridging strategies for 

anticoagulants and antiplatelet medications
5.  Monitor patients after their procedures and do examine 

their backs
6.  Order emergent MRI for suspected epidural 

hemorrhage or CT for extra-spinal hemorrhage; check 
hematologic and coagulation profiles immediately

Neural injury
Direct: needle puncture of nerve or spinal cord; dural 
puncture
Indirect: mass effect from cement extravasation or 
hematoma

1.  Review pre-op imaging to plan needle size and 
trajectory

2. Optimize patient position and fluoroscopy
3.  Monitory needle insertion and advancement in 

multiple planes; respect the medial pedicle cortex
4. Monitor cement injection

Infection
Cellulitis
Infectious spondylitis

1. Strict aseptic technique
2. Pre-procedure antibiotic prophylaxis
3. Immediate patient follow-up for pain/fever
4.  Order MRI with contrast and/or appropriate nuclear 

medicine study if patient cannot undergo MRI 
examination

5. Initiate antibiotic therapy if necessary
Intra-diskal cement 1. Review pre-op imaging and assess for endplate defects 

that may predispose to intra-diskal cement leak
2. Use high-viscosity cement

Others
Pneumothorax
Fragility fractures
Ribs
Sternum

Use proper targeting in the thoracic spine and at the 
thoracolumbar junction
Careful patient transport and positioning

Systemic complication Management strategy
Pulmonary embolism
Cement
Marrow fat

1.Use fluoroscopy when injecting cement
2. Use high-viscosity (thick) cement
3.  Monitor patient’s respiratory status just before, during, 

and after the procedure
Others
Anesthesia complications
Cardiovascular collapse
Anaphylactic reaction to PMMA cement

1.  Pre-operative anesthesia evaluation and use of 
American Society of Anesthesiology classification 
criteria

2.  Use of local anesthetic only in very ill patients with 
multiple comorbidities

13 Vertebroplasty Cement Augmentation Technique



132

neurologic compromise varies with the amount of 
extravasated cement; larger volumes of extravasa-
tion are associated with significant and possibly 
irreversible neurologic compromise unless imme-
diate open surgical decompression is performed. 
Smaller amounts of cement leakage into the neu-
ral foramen, with cement extending through a 
fracture defect or through a foraminal vein, may 
be associated with transient irritation of the 
affected nerve root, and this may respond to a trial 
of oral steroids and/or a selective nerve root block 
(Fig. 13.11). If the radicular pain persists despite 
these interventions, the patient may require opera-
tive intervention to remove the extravasated 
cement fragment. Cement can also extend from 
the veins that communicate with the vertebral 
body and, particularly with low viscosity cement, 
may result in a pulmonary embolism. Cement 
embolism is rare and usually asymptomatic. 
Occasionally, especially in patients with compro-
mised pulmonary function, cement emboli can 
produce symptoms. Again, it is important for the 
physician to actively monitor the cement injec-
tion, and injection should be stopped immediately 
if extravasation is seen. A combination of meticu-
lous fluoroscopic monitoring, slow sequential 
injections of small aliquots of cement, and the use 
of high-viscosity cement all serve as valuable 
measures in reducing the likelihood of symptom-
atic cement extravasation. The other type of pul-

monary embolism that may occur is fat embolism 
due to the displacement of marrow elements by 
injected cement. This is usually asymptomatic but 
could potentially cause respiratory compromise in 
patients who undergo multilevel vertebral 
augmentation.

Cement extension into the intervertebral disk 
should be avoided (Fig.  13.11). While this may 
initially appear to be an insignificant occurrence, 
there is an association with intra-diskal cement 
leak and a predisposition to an adjacent level ver-
tebral compression fracture [34–36]. Percutaneous 
vertebroplasty itself is likely not a risk factor for 
new osteoporotic vertebral compression fractures 
[37]. High fracture severity grade, in other words 
those fractures with significant height loss, and 
the presence of vertebral clefts are risk factors that 
predispose to  intra- diskal cement leaks [35]. 
Vertebral endplate defects are frequently seen in 
patients with osteoporotic vertebral compression 
fractures, and physicians should scrutinize the 
preoperative images to account for their presence 
and location [14]. The presence of abnormal T2 
signal within a damaged disk adjacent to a dam-
aged vertebral endplate may also predispose to 
intra-diskal cement leak [35, 38]. These pre-treat-
ment imaging findings will enable closer monitor-
ing of these areas during cement injection, thereby 
reducing the possibility of cement extravasation 
(Fig. 13.10).

a b
Fig. 13.11 Lateral (a) 
and frontal (b) 
fluoroscopic images 
show cement 
extravasation into the 
disk (small arrow), 
neural foramen (curved 
arrows), and paraspinal 
soft tissues (large 
arrow). The patient was 
symptomatic from the 
foraminal cement leak
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Hemorrhage is also a potential complication 
of the vertebroplasty procedure. This may be due 
to direct vascular injury with a spinal or bone 
needle or, more frequently, may be associated 
with uncorrected coagulopathy. Vascular injury is 
more likely with an extra-pedicular or parape-
dicular approach as small vascular branches may 
travel near the lateral pedicle or vertebral body. A 
transpedicular approach is particularly desirable, 
when possible, especially in those patients who 
might be at a higher risk for a hemorrhagic com-
plication such as those patients with transient 
correction of their anticoagulation status. 
Subcutaneous hematomas can occur and are 
often due to oozing of blood beneath the puncture 
site. This unpleasant complication is uncomfort-
able for the patient and can be minimized by firm 
hand compression at the puncture site for a few 
minutes immediately after removal of the bone 
needle. Following the procedure, the patient is 
instructed to lie on his/her back which helps to 
provide additional pressure on the puncture site. 
The puncture site should be monitored frequently 
for signs of swelling or active hemorrhage during 
the patient’s recovery. Paraspinal hemorrhages 
are challenging to diagnose. Patients may com-
plain of back pain and discomfort, and their vital 
signs can show hypotension and tachycardia. An 
emergent CT scan should be performed for sus-
pected paraspinal hemorrhage. A patient with an 
expanding hematoma should be transferred to an 
intensive care unit with monitoring of their hema-
tologic and coagulation status. If they are not 
responding to aggressive medical management, 
consideration ought to be given to an emergent 
angiogram with possible endovascular emboliza-
tion. Acute epidural hemorrhage is a potential 
quality-of-life-threatening complication that usu-
ally requires a spinal MR for diagnosis; immedi-
ate spine surgical consultation for possible 
decompression of the epidural hematoma is 
warranted.

Infection is a potential complication of the 
cement augmentation procedure. In one series 
involving 1307 vertebral augmentation cases, 6 
patients (0.46%) experienced postoperative 
infections [39]; several of the patients in this 
series had a pre-existing urinary tract infection. 

The most frequently encountered microorganism 
was Staphylococcus, but other organisms were 
also encountered. Nearly all of these patients 
required surgical debridement and stabilization at 
their prior augmentation site. At our institution, 
one post-augmentation infection was diagnosed 
3  weeks post-procedure; this was successfully 
treated with a peripherally inserted central venous 
catheter and intravenous antibiotic therapy. A key 
to addressing potential post-vertebroplasty infec-
tions is patient optimization. Delaying this elec-
tive procedure in patients with suspected systemic 
or local infections (including urinary tract infec-
tions) until the infection has been successfully 
treated and the patient is medically cleared for 
their procedure is critical. Adherence to strict 
aseptic technique in the procedure suite is para-
mount. The use of pre-procedure intravenous 
antibiotic prophylaxis is highly recommended. 
Some physicians advocate the use of tobramycin 
powder in the cement mixture, especially for 
patients who are immunocompromised [32]. 
Post-procedure patient follow-up within the first 
month after the procedure is important as it may 
allow for earlier diagnosis and treatment of a 
spine infection. Since a spine infection is a clini-
cal diagnosis, it may be necessary to obtain an 
infection laboratory panel (white blood cell count 
with differential, erythrocyte sedimentation rate, 
and C-reactive protein) and a contrast-enhanced 
MRI or nuclear medicine study (Gallium scan) in 
a patient in whom an infection is suspected.

The other types of complications that have 
been reported with the vertebroplasty procedure 
are exceedingly rare, but nonetheless significant. 
These include pneumothorax, cardiopulmonary 
collapse, anaphylactic reactions to the acrylic 
bone cement, and death.

Anesthesia-related complications may also 
occur and can be minimized by careful preopera-
tive evaluation particularly in high-risk patients 
with multiple medical comorbidities. Other fra-
gility fractures can occur in osteoporotic patients 
at the time of their transfer and positioning on the 
procedure table including rib fractures or sternal 
fractures. These are generally treated conserva-
tively but can be a major source of patient 
discomfort.
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 Conclusions

Vertebroplasty has been shown to be effective in 
relieving pain associated with osteoporotic verte-
bral compression fractures [40] in patients who 
are inadequately treated with medication, brac-
ing, and/or physical therapy. The pain relief is 
associated with a reduction in the use of analge-
sic medications and allows patients to return to 
their usual activities of daily living. These bene-
fits are achieved in the setting of a low overall 
complication rate (less than 1%) [20]. 
Vertebroplasty is a palliative procedure and does 
not correct the underlying cause of the vertebral 
fracture; medical management of osteoporosis 
must therefore be initiated and continued.
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Kyphoplasty Cement 
Augmentation Technique

Robert P. Norton

 Indications

Kyphoplasty, a type of cement augmentation 
technique, is most commonly indicated for the 
treatment of painful osteoporotic compression 
fractures of the thoracic or lumbar spine which 
have failed nonsurgical management. Most 
authors recommend a minimum trial of conserva-
tive care for 1–3 weeks; however in situations of 
hospital admission with an inability to mobilize, 
kyphoplasty may be performed more urgently. 
Compression fractures left untreated may con-
tinue to be symptomatic for several months. In 
these situations, studies have shown excellent 
results in both early care (2–3 weeks) and later 
care (2–3 months) [1]. In addition, studies have 
indicated that kyphoplasty can lead to a reduced 
hospital length of stay and earlier mobilization 
[2], both of which may be cost-effective [3]. 
Other indications include painful pathologic frac-
tures, aggressive hemangioma of the spine, and 
painful nonunion of vertebral fractures.

Relative contraindications to kyphoplasty 
include burst-type fracture patterns of the verte-
bral body with bony retropulsion into the spinal 
canal. These fractures are at risk of cement 
extravasation into the spinal canal and may result 
in neurologic compression. The presence of 
radiculopathy is another potential contraindica-

tion since kyphoplasty could exacerbate the 
radiculopathy if cement extravasation occurs. 
Collapse of greater than 70% of the vertebral 
body height can potentially make the procedure 
more difficult to be performed due to the difficult 
insertion angle required to get the trocar through 
the pedicle into the severely collapsed vertebral 
body. Additionally, collapsed vertebra has a lim-
ited area where cement may be injected. Lastly, a 
lack of a surgical backup plan to manage any 
potential complications is a relative contraindica-
tion to performing a kyphoplasty.

Absolute contraindications include asymp-
tomatic fractures, an allergy to bone fillers or 
opacification agents, irreversible coagulopathy, 
or the presence of vertebral osteomyelitis.

 Technique

A full work-up is required prior to performing a 
kyphoplasty. This includes radiographic imaging 
to identify the fracture level, as well as a recent 
MRI or bone scan to confirm that the fracture is 
acute or subacute. On MRI, acute fractures will 
show an increased signal intensity on the 
T2-weighted and STIR imaging sequences and a 
reduced signal on T1-weighted sequences. These 
findings are representative of edema within the 
vertebral body, confirming the acute process. 
Bone scan is recommended in those patients who 
have contradictions to an MRI. A bone scan will R. P. Norton (*) 
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demonstrate increased uptake at the fracture site 
due to higher metabolic activity at that site. The 
nuances regarding radiographic findings of com-
pression fractures are beyond the scope of this 
chapter but are found elsewhere in this book.

After a patient has met the criteria for kypho-
plasty with a documented acute or subacute frac-
ture on MRI or bone scan, the common risks, 
benefits, and expected outcome of the procedure 
are discussed with the patient. Traditionally, this 
procedure has been in done in the operating the-
ater under anesthesia or with supervised seda-
tion; however there has been a growing trend to 
do these procedures in the outpatient setting or 
in an office-based procedure room. It is the 
author’s preference to perform kyphoplasty in an 
office- based procedure room using local anes-
thetic without sedation unless absolutely 
necessary.

The patient may be premedicated with Toradol 
injection along with IM antibiotic such as Ancef 
or clindamycin if penicillin allergy exists. Next, 
the patient is placed prone on a radiolucent oper-
ating table, and the back is cleansed with 
chlorhexidine or an appropriate alternative; he or 
she is then draped, and a time-out is performed. 
Supplies are set up ahead of time by the surgical 
technician (Fig. 14.1a, b).

Using fluoroscopy, the pedicles of the frac-
tured vertebral body are marked out (Fig. 14.2). It 
is the author’s preference to use a unilateral ped-
icle approach; however, a bipedicular approach 
may also be performed. The epidermis is then 
infiltrated with local anesthesia. Under image 
guidance, a spinal needle is inserted and docked 
over the lateral aspect of the facet joint and trans-
verse process, which is the approximate entry 
point for the trocar when performing a transpe-

a b
Fig. 14.1 (a) Operating 
room set up for 
equipment supplies 
needed, including 
syringe with anesthetic 
agents, spinal needle, 
marking pen, gauze 
pads, trocar (diamond 
and bevel tip), contrast, 
and balloon. (b) 
Remaining supplies 
including chlorhexidine 
swabs, bone cement 
supplies, injector gun 
with inner trocar, and 
extension tubing

Fig. 14.2 Patient is prepped and draped with fluoroscopy 
in place. The vertical line represents the lateral boarder of 
the pedicle, and the horizontal line represents the mid-
point of the pedicle
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dicular approach. This also serves to confirm the 
appropriate trajectory and the skin incision.

A transverse skin incision is then made  – 
depending on the spinal level and body habitus – 
this may be anywhere from 1 to 5 cm lateral to 
the pedicle. The trocar is then inserted under fluo-
roscopy on the AP view and docked at the 9 
o’clock position of the pedicle for a left-sided 
approach and the 3 o’clock position for a right- 
sided approach (Fig. 14.3a–c). This corresponds 

to the confluence of the superior articulating pro-
cess of the facet joint, the midportion of the trans-
verse process, and the pars interarticularis. The 
trocar should be advanced through the pedicle 
into the vertebral body and its position confirmed 
using both AP and lateral fluoroscopic imaging. 
There are two common types of trocar tip 
shapes – diamond and beveled. The beveled tip 
allows for more directional guidance and which 
one is used is a matter of preference. The trocars 

a

d e

b c

Fig. 14.3 (a) Trocar is inserted under fluoroscopic imag-
ing guidance starting at the 9 o’clock position on the left 
pedicle of the fractured vertebral body. (b) AP fluoros-
copy view of entry point of trocar. (c) Lateral fluoroscopy 
view of entry point of trocar. (d) AP fluoroscopy of trocar 

inserted through pedicle reaching vertebral body without 
breaching medial pedicle cortex. (e) Lateral fluoroscopy 
view of trocar advanced to vertebral body/pedicle 
junction
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exist in various sizes – it is the author’s prefer-
ence to use 10-guage diamond tip trocar. Since 
osteoporotic bone is soft, the trocar can often be 
advanced with gentle rotation back and forth 
through the pedicle without the use of a mallet. It 
should be advanced through the pedicle to the 
medial border of the pedicle wall when viewed 
under AP imaging. The C-arm is then changed to 
the lateral position to confirm that the trocar is 
anterior to the pedicle-vertebral body junction. If 
not, it is essential to rotate the C-arm back to AP 
position to redirect the trocar appropriately 
(Fig. 14.3d, e). The trocar can be advanced into 
the vertebral body and medialized beyond the 
medial boarder of the pedicle once it is safely 
within the vertebral body. The trocar should be 
seated within the posterior third of the vertebral 
body, and the inner cannula is then removed. 
Either a hand drill or core biopsy cannula is then 
inserted and advanced anteromedially into the 
vertebral body, stopping prior to penetrating the 
anterior cortex on lateral imaging. At this point a 
biopsy may be taken if indicated or desired. 
Following this, a balloon catheter is inserted 
through the trocar into the vertebral body 
(Fig.  14.4a–c). The entire balloon must be 
inserted into the vertebral body; radiopaque 
markers at distal and proximal aspect of balloon 

serve to identify placement of balloon. Various 
balloon sizes exist; commonly a 10, 15, or 20 mm 
balloon is used. It is the author’s preference to 
use a 10 mm balloon in the thoracic spine and a 
15 mm balloon in the lumbar spine. The balloon 
is then slowly inflated with radiopaque contrast 
to the desired height or maximum pressure – this 
varies by manufacturer and system. Before 
removal, the balloon must be completely deflated 
to allow it to be pulled out of the trocar – this can 
be confirmed on lateral imaging.

At this point, the bone cement is prepared 
according to the specific manufacturer instruc-
tions. Various mixing and working times exist for 
different brands of the monomer and polymethyl-
methacrylate (PMMA). Care should be taken to 
have an optimal viscosity prior to cement injec-
tion, and it is the author’s preference to have a 
viscosity similar to the consistency of toothpaste 
prior to injecting; there is a potential for extrava-
sation with low-viscosity cement. Higher- 
viscosity cement can make the injection 
challenging and can reduce the chance that an 
adequate amount of cement is placed within the 
vertebral body. Various cement delivery systems 
are available  – these include manual delivery 
plunger-based cannulas, as well as mechanically 
pressurized devices. The plunger-based cannula 

a b c

Fig. 14.4 (a) Balloon is inserted into vertebral body and 
inflated to create a cavity for the bone cement. (b) Lateral 
fluoroscopic view of balloon inserted and inflated with 

contrast to create cavity for bone cement placement. (c) 
AP fluoroscopy of balloon inserted and inflated with con-
trast to create cavity for bone cement placement
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allows for direct injection of cement with less 
trailing of cement since cement delivery halts 
when the pressure is stopped. The disadvantage 
to this system is that it requires a longer duration 
of injection which can increase radiation expo-
sure to the patient, surgeon, and staff. Multiple 
cannulas filled with cement are placed sequen-
tially into the trocar, and a plunger is used to 
introduce cement into the void created by the bal-
loon. With a mechanically pressurized system, a 
syringe connected to a handle is assembled with 
an extension line and nozzle which connects to a 
cannula that is inserted through the trocar. 
Pressure is created in the device, and cement is 
delivered into the void via a piston mechanism. 
These systems are generally easier and faster to 
use and involve less radiation exposure by 
decreasing the total time needed to deliver the 
cement and by increasing the working distance to 
the radiation source. The potential disadvantage 
with these devices is inadvertent excess cement 
injection due to the inability to stop cement flow 
instantaneously since pressure is built up in the 
system.

Regardless of the specific delivery system, it 
is important to inject the cement in an efficient 
and controlled manner. Multiple AP and lateral 
images are performed to ensure an appropriate 
vertebral body fill of cement without extravasa-

tion in the canal, adjacent disc space, or into 
nearby blood vessels (Fig. 14.5a, b). After cement 
injection is finalized, the introducer trocars are 
reinserted into the outer cannula and slowly 
removed together to ensure that the cement is not 
tracking back through the pedicle – the cement 
can follow the path of least resistance especially 
with low-viscosity cement.

Once the trocar is removed, final AP and lat-
eral images are obtained. The incision is cleaned, 
and bandages are applied along with a dry, com-
pressive bandage (Fig. 14.6). The patient is then 
appropriately observed post procedure.

a b
Fig. 14.5 (a) Bone 
cement is injected into 
the vertebral body using 
an injector gun and 
extension tubing to 
allow fluoroscopic 
imaging while standing 
further away from the 
radiation source. (b) 
Bone cement being 
injected through trocar

Fig. 14.6 When finished incision is approximately 4 mm 
in length and able to be closed with a bandage and dry 
compressive dressing
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 Tips

As with any procedure, there is a learning curve 
that must be overcome in order to reach maximal 
efficiency and safety with reproducible good sur-
gical results. The following are some tips of the 
trade.

If performing a unipedicular kyphoplasty, the 
larger pedicle should be used for the approach. 
This will allow for easier access and an ability to 
medialize the trocar once in the vertebral body. 
If the pedicle is too small to allow safe place-
ment of the trocar, an in-out-in technique can be 
utilized.

If there is a depressed fracture line of the supe-
rior end plate, care must be taken during the 
placement of cement to reduce the risk of intra-
discal cement extravasation. In some situations, 
the balloon can be placed and expanded under the 
fractured superior end plate to partially reduce 
the collapse. This will help keep cement within 
the confines of the vertebral body.

Injection of cement at the appropriate viscos-
ity is paramount. The bone cement will always 
follow the path of least resistance; therefore it is 
important to study the preoperative films closely 
to avoid placement of trocar tip in a location that 
may lead to extravasation of cement outside of 
the vertebral body. Prior to cement introduction, 
the consistency should be checked to ensure that 
is similar to that of toothpaste. The consistency of 
the cement is examined by pushing a small 
amount out of the tip of the delivery cannula. A 
good rule of thumb is that the surgeon should 
wait until the cement can stand on the end of the 
delivery cannula without falling over  – at that 
point it is generally viscous enough for injection 
into the vertebral body.

To reduce the risk of extravasation when a 
clear fracture line is present, a small amount of 
cement may be injected at the start of the fracture 
line. Since the internal body temperature is higher 
than the room temperature, the cement will 
harden inside the body faster than the cement in 
the delivery system. This will create a “block” to 
cement extravasation through the fracture line.

Radiation exposure is known to be a major 
procedural hazard for patients, operating room 

staff, and physicians. Radiation precautions 
should be used and include a full lead apron and 
thyroid shield, as well as radiation-resistant eye 
protection and sterile gloves, if available. While 
localizing the entry point a sponge stick can be 
used to hold the trocar in place in order to dis-
tance the surgeon’s hand from the radiation 
source.

 Multilevel Compression Fractures

Patients with severe osteoporosis typically have 
multiple fractures in varying degrees of healing. 
Asymptomatic, healed fractures should not be 
treated with cement augmentation. However, 
there are patients who present with more than 
one acute fracture, often adjacent to each other 
or within the same region of the spine or at times 
in completely different locations. For those with 
both thoracic and lumbar acute compression 
fractures, the most symptomatic fractures should 
be addressed initially. It is reasonably safe to 
perform cement augmentation in up to three lev-
els at the same time. Some recommend placing 
all the trocars prior to injecting cement to maxi-
mize efficiency. However, when multiple frac-
tures are adjacent to each other, it might be 
difficult to insert multiple trocars without abut-
ting each other. In these situations, alternating 
sides can be used while performing unipedicular 
kyphoplasty.

 Complications

As with any surgical procedure, there are risks 
and complications associated with vertebral 
cement augmentation procedures. Most compli-
cations are secondary to cement extravasation. 
Using a low-viscosity cement and/or a higher 
injection volume will increase the risk of these 
complications. Post procedural CT scan studies 
have shown a surprisingly high rate of cement 
extravasation (18–88%) [4]. Fortunately, these 
incidental findings are often of minimal clinical 
significance. Cement extravasation can occur 
through the vertebral end plate into the disc space 
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(45%), into the paravertebral space (35%), into 
the epidural space (20%), and into the preverte-
bral region (18%). Despite these high rates of 
extravasation, less than 1% result in neurologic 
complications. Unfortunately, if a neurologic 
complication does occur, it can be permanent [5], 
and surgical intervention may be necessary to 
decompress the affected nerve root and/or spinal 
cord.

Embolization of cement may occur via inad-
vertent intravascular injection or through the 
introduction of a large cement load into the verte-
bral body. This may result in pulmonary embo-
lism or passage through the heart into the arterial 
system. The incidence of cardiopulmonary 
embolism has been reported to range from 2% to 
26% [6] – cardiopulmonary medical support may 
be necessary in these situations.

Hypotensive reaction to the monomer compo-
nent of bone cement may occur as well. This 
typically occurs within the first few minutes of 
cement injection; therefore it is important to con-
tinuously monitor the heart rate, blood pressure, 
and oxygen saturation. The surgeon must be 
capable of providing immediate cardiopulmo-
nary support if needed.

There has been much debate over the risk of 
adjacent vertebral fracture related to cement aug-
mentation procedures. Biomechanically, there is 
an increased stiffness created by the cement aug-
mentation which may translate to increased loads 
on adjacent segments and a theoretically 
increased risk of subsequent fracture. However, 
Anderson et al. [1] performed a meta-analysis of 
randomized controlled trials comparing kypho-
plasty or vertebroplasty to nonsurgical care and 
found no increased risk of adjacent fracture fol-
lowing cement augmentation. Regardless of the 
treatment approach, both groups had about a 20% 
risk of developing a new fracture within 1 year.  

A systematic review by Zhang et al. [7] looking 
at risk factors for new osteoporotic compression 
fractures found low bone mineral density (BMD), 
low BMI, and intradiscal cement extravasation to 
be significant risk factors for the development of 
subsequent adjacent level compression fracture 
following a cement augmentation procedure.

Other potential complications include fracture 
of the rib, transverse process, or pedicle with tro-
car insertion, refracture of the vertebral body 
around the cement, and allergic reaction to bone 
cement.
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Management of Spinal Deformity 
in the Setting of Osteoporotic 
Vertebral Compression Fractures

Michael P. Kelly

 Introduction

Spinal deformity after osteoporotic fractures is 
an uncommon problem. It is most frequently 
observed in the setting of postfracture osteone-
crosis (Kümmel disease), resulting in regional 
kyphosis. Thus, it is less frequently associated 
with a benign compression fracture and more 
frequently associated with osteoporotic burst 
fractures. Given the debilitated patient, this 
regional kyphosis often results in sagittal 
malalignment due to poor or inadequate com-
pensatory mechanisms. In some cases, kyphosis 
with retropulsion of vertebral body fragments 
can result in neurological deficits requiring oper-
ative intervention. These cases are complex due 
to issues with comorbid conditions, difficulty of 
fixation points, the extent of fusion required, and 
achieving union of the instrumented levels. 
Given the rare overall occurrence of this condi-
tion, there is a paucity of high-quality data; thus 
decision-making often requires experience and 
conversation with other surgeons to achieve a 
good outcome.

 Evaluation

Evaluation of a spinal deformity due to patho-
logic, osteoporotic insufficiency fractures is sim-
ilar to the majority of other adult spinal deformity 
patients. One must question the progression of 
the deformity, as deformity that precedes the 
fracture may affect the choice of fusion levels. 
The history must include a review of prior spine 
surgeries and associated complications. In cases 
with severe sagittal plane malalignment, the sur-
geon should consider neurological disease such 
as Parkinson’s disease and associated variants 
(Fig.  15.1). Camptocormia from neurological 
disease is a unique entity, often requiring exten-
sive fusions (C2 to the sacrum), and surgical 
treatment can be wrought with complications. 
These patients often complain of being “pushed 
toward the ground.” Prior to surgery, these dis-
eases should be diagnosed and managed with the 
assistance of a neurologist. The history should 
also include any neurological complaints, includ-
ing radiculopathy, signs of myelopathy, and que-
ries regarding bowel and bladder habits. 
Appropriate patient counseling regarding expec-
tations will improve satisfaction after treatment.

The physical examination begins with exami-
nation of the general patient condition. The body 
mass index is a simple guide to identify malnutri-
tion. Malnutrition is characterized by a combina-
tion of weight loss, loss of muscle mass, loss of 
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subcutaneous fat, worsened functional status, and 
poor caloric intake. In addition to judging the 
overall ability of the patient to tolerate an instru-
mented spinal fusion, adequate soft-tissue cover-
age for implants should be ensured. Frailty may 
be concomitant in patients presenting with osteo-
porotic spinal deformities. Identification of the 
malnourished and frail patient is necessary to 
assist with appropriate risk stratification and with 
the shared-decision-making process for these dif-
ficult patients. The five-time sit-to-stand (FTSTS) 
test and hand dynamometer strength testing are 
two measures easily obtained in the clinic. 
Appropriate FTSTS times are under 7  seconds 
for patients under the age of 70 and 10 seconds 
for those older. Grip strength threshold limits 
have been proposed, with 16 kg being appropri-
ate for women and 27 kg for men.

Observation of the standing and supine align-
ment of the coronal and sagittal planes is criti-
cal. A supine examination helps reveal flexibility 
in the deformity, which will affect surgical plan-
ning. The extent of fusion will often be greater 
for those with sagittal plane malalignment and 

engaged compensatory mechanisms such as pel-
vic retroversion, hip flexion, and knee flexion. 
While standing, a Romberg test and examina-
tion of gait may help detect myelopathic symp-
toms and indicate the need for a decompression 
of the spinal cord, as it is not uncommon for 
subtle myelopathy to be ignored by patients. A 
routine neurological examination to document 
myotome and dermatome integrity is necessary, 
as always.

 Radiographic Examination

Full-length standing and supine radiographs are 
required to appropriately treat spinal deformity. 
When available, standing “skull to foot” films 
allow for assessment of the engaged compensa-
tory mechanisms in sagittal plane deformities 
(Fig. 15.2). Supine films allow for assessment of 

Fig. 15.1 Upright lateral and anteroposterior radiographs 
of a 67-year-old woman who presented with a chief com-
plaint of kyphosis. Evaluation revealed osteoporotic com-
pression deformities in the setting of Parkinson’s disease. 
Treatment consisted of preoperative halo-gravity traction 
and C2-sacrum posterior spinal fusion

ba

Fig. 15.2 (a) Standing, full-length lateral radiograph of a 
64-year-old gentleman with thoracolumbar kyphosis sec-
ondary to osteoporotic fractures. Compensatory mecha-
nisms engaged include knee flexion and upper cervical 
hyperextension. (b) Computed tomography scan of the 
lumbar spine showing compression deformities, status 
post cement augmentation, and multiple vacuum discs
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rigidity of the deformity in both the coronal and 
sagittal planes. In the case of deformities driven 
by osteoporotic fractures, the supine film will 
assess the amount of regional correction that will 
be obtained simply by placing the patient prone 
on the operating table. It is not uncommon to plan 
for a three-column osteotomy (3CO) when 
upright, to find that the osteotomy is not needed. 
Radiographic measurements should include the 
pelvic incidence, supine lumbar lordosis (also 
available in a midsagittal computed tomography 
scan), and the T1 pelvic angle. Classification of 
patients according to the method of Roussouly 
may assist with the choice of fusion levels. 
Osteoporotic patients are at high-risk for proxi-
mal junctional failure through fracture, and inap-
propriate (too short) fusions will result in failure 
and early revision surgery.

Computed tomography scans offer detail 
regarding fixation points at the pedicle. In our 
experience, these patients tend to have larger 
pedicles, requiring larger than normal pedicle 
screw diameters. In general, we aim to fill 
65–70% of the pedicle diameter. We avoid “fit 
and fill” as revision of a large, loose screw can be 
difficult should the patient go on to pseudarthro-
sis [1]. CT scans also offer the chance for oppor-
tunistic bone mineral density measurements, 
through the measurement of Hounsfield units 
(HU) within the vertebral body [2]. Measurements 
below 115HU may be consistent with the diagno-
sis of osteoporosis. Current technology does not 
allow for immediately actionable clinical 
 information. However, immediate finite element 
modeling of the vertebral body architecture may 
offer surgeons data to assist with fusion level 
choices as well as suggest cement augmentation 
at weaker segments [3]. As previously mentioned, 
CT scans also offer data regarding the flexibility 
of the deformity, as they are obtained with the 
patient supine. One must be careful to check 
whether the head was placed on a pillow, or more, 
as this will underestimate flexibility, with a per-
sistent forward head position and increased 
T1-pelvic angle. Both plain radiographs and CT 
scans should be evaluated for evidence of com-
pression fractures away from the site of the spinal 

deformity. In some cases, these may help deter-
mine or dictate fusion levels (Fig. 15.3d).

Magnetic resonance imaging (MRI) is recom-
mended for any cases where there will be manip-
ulation of the spinal column. An MRI is required 
for any case with a preoperative neurological 
deficit. These images also allow for an opportu-
nity to check the integrity of the paraspinal mus-
cles. In cases of extreme atrophy and fat 
infiltration, we are inclined to choose longer 
fusions, as control of the sagittal plane by the 
patient may not be possible (Fig. 15.3e).

 Medical Management

In an ideal situation, all patients with spinal 
deformities caused by insufficiency fractures 
would present already diagnosed with osteoporo-
sis and with medical management. Unfortunately, 
this is not the case. Thus, ensuring that the patient 
understands that the presence of the insufficiency 
makes the diagnosis of osteoporosis, irrespective 
of any subsequent bone mineral density test, is 
essential so that they can engage in their own care 
for this disease. If a patient has not been evalu-
ated for bone mineral density, we obtain a dual- 
energy x-ray absorptiometry (DEXA) exam of 
the hip, wrist, and lumbar spine. In cases of lum-
bar degeneration, osteophytes and sclerotic bone 
may overestimate the general quality of bone and 
disease state. As these patients have fractures, 
thus diagnosing the disease, we find the DEXA 
useful to see the true values of bone mineral den-
sity. In cases where the density is less than 
0.60  gm/cm2, concern for the ability to fix and 
hold the spine with pedicle screws exists. In these 
cases, one must consider cement augmentation or 
nonoperative care, as screw failures in a fragile 
patient could result in a worse overall condition. 
In addition to the DEXA, we check vitamin D 
levels, as hypovitaminosis D is frequently con-
comitant and is easily and affordably treated.

Our preferred method of pharmacologic treat-
ment of osteoporosis in a spinal deformity patient 
is teriparatide, an anabolic agent. Teriparatide 
works through osteoclast stimulation, which 
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subsequently activate osteoblasts, encouraging 
bone turnover and formation. There are some 
data to suggest that teriparatide improves fusion 
rates, though more data, including appropriate 
dosing protocols, are needed [4]. Prolonged 
administration of teriparatide in animal models is 
associated with osteosarcoma formation. For this 
reason, teriparatide use is limited to 24 total 
months. In most cases, we require 3 months of 
therapy prior to surgery and request 3–6 months 
of teriparatide treatment after surgery. Patients 
are then switched to some other form of pharma-
cotherapy, preferably denosumab rather than a 

bisphosphonate. The pharmacologic treatments 
of osteoporosis are evolving rapidly, and research 
into the possible benefits, or detrimental effects, 
of these medications on bone mineral density and 
spinal fusion are needed.

 Surgical Management

Surgical management of osteoporotic deformities 
is complicated by the multiple goals of surgery. 
Immobilization for pain relief is not adequate as 
a singular goal, as regional malalignment may 

a
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Fig. 15.3 (a) Standing, full-length lateral radiograph of a 
78-year-old woman who presented with complaints of 
progressive kyphosis with progressive dysphonia and dys-
phagia. (b) Standing, 36″ cassette lateral radiograph 
revealing compression and vertebra plana of T2 and com-
pression of C3 with 75° of kyphosis from T1 to T5. (c) 
Coned-down view of the lumbar spine in the previously 
described patient, showing a compression fracture of L3. 
This dictated fusion to the sacrum, with iliac instrumenta-
tion, to avoid distal failure through fracture. (d) Sagittal 
computed tomography (CT) scan of the cervicothoracic 

junction confirming vertebra plana with minimal retropul-
sion of the bone. For this reason, no anterior reconstruc-
tion was performed, and an “all-posterior” surgery with 
one single posterior column osteotomy with cantilever 
bending was the corrective maneuver. (e) Magnetic reso-
nance imaging confirming draping of the spinal cord over 
the kyphosis. No cervical spinal stenosis was found. (f) 
Intraoperative radiographs showing correction using 
prone positioning with a four-pin halo holding the head. 
Postoperative radiographs show normal spinal alignment 
after C2-sacrum posterior spinal fusion
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lead to implant failure and revision surgery. Thus, 
goals of surgery are a stable and durable con-
struct, with restoration of regional and global 
alignment and decompression of symptomatic 
neural compression. Given this, there are a num-
ber of surgical options, with both common and 
particular associated complications. Often, the 
surgical approach will be dictated by the defor-
mity, patient factors such as frailty and bone den-
sity, and surgeon experience (Fig. 15.3f).

Historically, anterior procedures were advo-
cated for cases with retropulsion of the vertebral 
body and neural compression. These surgeries 
involve both anterior column reconstruction with 
strut grafting or instrumentation, followed by 
anterior spinal instrumentation in the form of a 
plate and screws or a dual-rod construct. One 
benefit of anterior column reconstruction in non- 
osteoporotic burst fractures is that it will save 
fusion levels. Given the poor bone quality, ante-
rior reconstructions are at risk for both subsid-
ence of the interbody graft, be it allograft or 
metal, and for failure of the anterior vertebral 
body screws. If one feels that anterior reconstruc-
tion is required, a perfect endplate preparation is 
necessary, as any endplate defect will lead to sub-
sidence with a high rate of failure. Bicortical pur-
chase of anterior screws is necessary. Even with 
bicortical placement, anterior screws are at a 
higher risk for failure. The poor bone quality is 
manifest by thin cortices and low trabecular bone 
density, increasing the risk of screw loosening. 
The opportunity for direct decompression of the 
spinal canal is an advantage of the anterior 
approach. In the case of osteoporotic deformities, 
and as opposed to high-energy trauma, the neuro-
logical deficit is infrequently due to blunt impact 
and compression from the vertebral body frag-
ments. Neurological deficits more frequently are 
insidious in onset with traction myelopathy 
developing over the deformity. Thus correction 
of the deformity, without attention to resection of 
the bony fragment, is likely to yield a satisfactory 
result.

Sudo et  al. compared anterior and posterior 
thoracolumbar approaches for osteoporotic frac-
tures with neurological deficits [5]. While both 
surgeries were able to decompress the neural ele-

ments and correct the spinal deformity, there 
were several benefits associated with posterior 
surgeries. Not surprisingly, anterior approaches 
had a pulmonary complication in one-third of the 
patients. In addition, estimated blood loss was 
lower in the posterior surgeries. Finally, patients 
with the lowest bone mineral density (<0.60  g/
cm2) or those with inadequate fusion levels were 
most likely to fail and undergo a second surgery. 
No patients in the posterior surgery group under-
went a second surgery, and the authors report a 
low rate of complication (5%) in the posterior 
group. As a retrospective study, this likely under-
reports the risk of complication in these compli-
cated patients and surgeries. Suk et al. described 
a more complicated cohort of patients and surger-
ies, with anterior-posterior surgery or posterior- 
based closing wedge osteotomies [6]. 
Complications related to surgery were more fre-
quent, perhaps due to more severe deformity 
requiring a more complex surgery. The mean cor-
rection through a closing wedge osteotomy was 
25°, four times greater than correction in the 
prior study. Finally, Krishnakumar and Lenke 
described a two-level vertebral column resection 
for a “sternum-into-abdomen” deformity [7]. 
This provided a 60° correction, though was com-
plicated by high blood loss (3  L), pulmonary 
effusion requiring a chest tube, and a distal junc-
tional fracture with kyphosis that was treated 
nonoperatively. As one can see, three- column 
osteotomies can provide excellent corrections 
and decompressions, though these surgeries are 
accompanied by an increased risk of periopera-
tive complication.

Our preference for the management of spinal 
deformity in the setting of spinal stenosis (at the 
level of the spinal cord or cauda equina) is to use 
an “all-posterior technique.” Frequently, the ste-
nosis is due to retropulsion of the osteoporotic 
burst fracture and less frequently due to ligamen-
tum flavum, as the segment may be in kyphosis. 
Thus, removal of the ventral bone and correction 
of the spinal deformity are the necessary compo-
nents of the surgery. We will try to avoid a full 
laminectomy, as this will complicate achieving a 
fusion. Instead, we perform a hemilaminectomy 
and work through a transpedicular or posterolat-
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eral extra-cavitary approach to work ventral to 
the thecal sac. Removal of the pedicle gives 
access to the vertebral body, where we will create 
a void within the body into which the retropulsed 
fragments may be pushed using a downward 
curette or a Woodson elevator. Using the down-
ward curette or Woodson elevator, one can work 
across the midline to the contralateral canal and 
fully decompress the spinal canal. This work 
should be done with a stabilizing rod engaged 
through the contralateral pedicle screws, with a 
minimum of two screws above and two below 
engaged to reduce the risk of screw failure. After 
decompressing the spinal canal, one is faced with 
the choice of how to treat the void created in the 
anterior and middle columns. We will frequently 
remove the majority of the disks above and 
below, so that there is an opportunity for anterior 
spinal fusion. In the thoracic spine, placing a 
mesh cage may be done after sacrificing a nerve 
root, though in cases of soft bone stock, we will 
often avoid anterior instrumentation as there is a 
high risk of subsidence through the end plates. In 
these cases, and in the majority of lumbar cases, 
we will pack the void with bone graft and cantile-
ver around the decancellated vertebral body. This 
technique has been described in other spinal 
deformity pathologies, with good corrections and 
outcomes [8]. The contralateral lamina then 
serves as a bed for bone graft to increase the rate 
of a successful dorsal and posterolateral fusion.

In the absence of a kyphotic deformity, a dor-
sal decompression with fusion may be appropri-
ate. A review of the preoperative imaging should 
lead the surgeon to the correct procedure to 
ensure adequate decompression of the neural ele-
ments and a stable result. In the case of a rigid 
segment, for example, anterior fusion occurred 
after healing of the burst, and then a decompres-
sion alone may suffice. In many instances, how-
ever, there are vacuum phenomena in the anterior 
and middle columns, similar to Kummel’s dis-
ease, and decompression alone in the setting of 
this instability is unlikely to provide a durable, 
satisfactory result.

The choice of fusion levels in spinal deformi-
ties due to osteoporotic fracture should follow the 
tenets of adult spinal deformity surgery and not 

adult spinal trauma surgery [9]. That is, short seg-
ment fixation is unlikely to work in the setting of 
a longer-standing deformity. This is multifacto-
rial, though changes in the posterior musculature 
affect the ability to stand upright and resist 
kyphosis. Short segment fixation may lead to 
early distal junctional failure in established sagit-
tal plane deformities. The choice of the upper 
instrumented level (UIV) depends on the pre- 
existing sagittal plane contour. The UIV should 
not be chosen within a kyphosis and should rather 
“cover” the kyphosis. Stopping within a kyphotic 
segment will leave a substantial risk for proximal 
junctional kyphosis requiring revision surgery. 
Thus, in cases of lumbar deformities, we will 
often stop at the lower thoracic spine (T10 or 
T11) if the proximal thoracic spine is not hyper-
kyphotic or if the patient does not have a high 
(>60 degrees) pelvic incidence. We avoid low 
thoracic UIV in the latter two cases because the 
reciprocal changes in thoracic kyphosis after fix-
ing the lumbar deformity will increase the risk of 
a proximal junctional kyphosis. Thus, in these 
cases we will often extend the fusion to the upper 
thoracic spine, stopping at the first non-kyphotic 
segment.

The choice of the lower instrumented verte-
bra is more difficult. In older (>65 years of age) 
we will often fuse to the sacrum with iliac instru-
mentation. This is due to the likelihood of sagit-
tal plane malalignment as the unfused segments 
degenerate, leading to poor patient-reported out-
come scores and difficult revision surgeries. Iliac 
instrumentation is mandatory in these osteopo-
rotic patients when fusing to the sacrum. The 
risk of sacral fracture is high, and management 
of these iatrogenic deformities is complicated, 
with substantial risk of associated morbidity. 
The choice of iliac screws versus S2-alar-iliac 
screws is left to the discretion and experience of 
the surgeon. If one uses S2-alar-iliac screws, 
then a minimum screw length of 80 millimeters 
(mm) and diameter of 8.0  mm is required. 
Shorter screws may not end ventral to the lum-
bosacral flexion point, rendering them useless 
and creating an opportunity for a sacral insuffi-
ciency fracture to propagate through the screw 
start site.
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A lower instrumented vertebra (LIV) above 
the sacrum has potential risks and benefits to be 
discussed as a part of the informed-decision- 
making process. Fusions extended to the sacrum 
may have a higher rate of proximal junctional 
failure, perhaps increased in these patients with 
poor bone quality. Thus, avoiding the sacrum as 
the LIV may reduce proximal failures. However, 
there may be an increased risk of distal junctional 
failure, through a compression or burst fracture 
of the LIV. The force of the lever arm created by 
the long construct above may be too much for the 
weakened vertebral body to sustain. In general, 
we will choose a stable sagittal vertebra defined 
by a line drawn straight up from the posterior 
superior end plate of S1. In pediatric kyphosis 
surgery, the last “substantially” touched vertebra 
(line passes through the midpoint or dorsal to the 
midpoint) may have fewer distal junctional fail-
ures than a body touched in the anterior, inferior 
portion of the vertebral body.

Cement augmentation, in an addition to appro-
priately placed and sized pedicle screws, is a 
method that may improve fixation, thereby 
improving fusion rates, as well as minimizing the 
rate of proximal junctional failures. These are 
achieved by two distinct mechanisms. 
Augmentation of pedicle screw fixation is accom-
plished by placing a small amount of polymethyl 
methacrylate through the screw track prior to 
placement of the screw. In general, 1 to 3 cubic 
centimeters (cc) are used and the screw placed 
while the cement is still liquid. Biomechanical 
studies have suggested smaller (1 cc) volumes in 
the thoracic spine versus higher volume in the 
lumbar spine (3  cc) [10]. New pedicle screw 
designs include fenestrated and cannulated pedi-
cle screws. Cement may be placed through the 
screws, extruding within the vertebral body. Both 
of these techniques have improved pullout 
strength versus non-augmented pedicle screws. 
Important to consider, given the cost of implants, 
is that there were no significant differences 
between an augmented solid screw and a fenes-
trated screw. Cement augmentation may be asso-
ciated with embolic events, however [11]. While 
infrequently symptomatic (1–2%), pulmonary 
cement embolism is more likely when large num-

bers of screws are augmented; thus the use of 
cement augmentation should be judicious, with 
some preoperative planning.

Cement augmentation of the vertebral body 
(prophylactic vertebroplasty), distinct from screw 
augmentation, may reduce junctional failures, 
both proximal and distal to the UIV and LIV [12, 
13]. Proximal junctional failure, with a vertebral 
compression fracture of the UIV or one above the 
UIV, is a vexing problem in osteoporotic spinal 
deformities. Several observational studies have 
found lower junctional fractures in the acute and 
subacute period, when the majority of adjacent 
segment failures occur. PMMA cement is applied 
using a syringe or commercially available cement 
delivery system, often with 2–3  cc of cement 
total, at the UIV, and the screws then placed. 
Cement is delivered to the level above the UIV as 
well, as junctional failures most frequently occur 
at one of these two levels. In some series, the rate 
of junctional failure is below 5%, though these 
findings are not universal. Raman et al. reported 
long-term (minimum 5 years) follow-up on one 
cohort of prophylactic vertebroplasty patients 
and noted that nearly 30% of patients developed 
proximal junctional kyphosis over time. Thus, 
cement augmentation may mitigate the risk of 
early failure, but it does not cure the disease of 
proximal failure, and long-term follow-up of 
these complicated patients is necessary.

 Postoperative Care

Our postoperative care for these patients is not 
different from other adult spinal deformity 
patients. We do not use any sort of external 
orthosis as we believe this will lead to further 
deconditioning of the spinal extensors, critical 
to maintaining an erect posture. A front-wheeled 
walker is used for a minimum of 3 months after 
surgery. It is adjusted to the appropriate height, 
so that it encourages upright and lordotic stand-
ing and walking positions, to reduce the stresses 
across the cranial/caudal adjacent segments. 
One must ensure that the patient is not leaning 
forward onto the walker, with a kyphotic tho-
racic spine as this will lead to some form of 
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junctional failure. The walker also helps mini-
mize the risk of falls in the early postoperative 
period. Falls can be catastrophic, with implant 
failure, burst fractures, spondylolisthesis, and 
neurological injury. We do not use thoracolum-
bar orthoses in these patients. In select patients, 
a hard cervical orthosis may be used if fusion 
involves the cervicothoracic spine. We are cau-
tious with our use of hard collars, though, given 
the generally debilitated state of these patients 
and the risks of pressure ulcers on the chin and/
or occiput. Patients are seen at 6  weeks, 
3 months, and 6 months after surgery. In some 
cases, where spinal alignment is appropriate, 
but a fracture occurs, we will have a vertebro-
plasty performed, as intraoperative vertebro-
plasty is not our standard of care.

As previously noted, long-term follow-up of 
these patients is needed to follow the unfused 
segments. Radiographic PJK is common and 
does not always need surgical intervention. 
However, some PJK may be a warning sign of a 
pending proximal failure with neurological com-
promise, and surgical treatment may be the con-
servative option in these cases.

 Conclusion

The treatment of spinal deformities secondary to 
osteoporotic fractures requires experience with 
adult spinal deformity reconstructions. The 
tenets of adult deformity surgery are followed, 
with the increasing complexity of poor bone 
quality and neurological compromise from path-
ological burst fractures. Appropriate pharmaco-
logic treatment of the osteoporosis is necessary 
in all cases, regardless of whether the patient 
moves forward with surgery. With modern tech-
niques, “all- posterior” approaches allow for 
decompression and correction of deformity, par-
ticularly with three-column osteotomies. Cement 
augmentation of instrumented and non-instru-
mented levels may improve fixation and reduce 
failures after these large reconstructions. Given 
the aging population, surgeons should familiar-
ize themselves with the concepts and techniques 
necessary to treat these complex patients and 
deformities.
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 Introduction

The management of tumors affecting the spinal 
column is complex and requires multidisciplinary 
and multimodal therapies. Historically, the treat-
ment for fractures involving the spinal column 
due to cancer is associated with high morbidity 
[1]. The goal of intervention in these situations 
is to palliate the mechanical pain related to the 
fracture while minimizing the morbidity of the 
intervention. In patients suffering from cancer-
related pain affecting the vertebrae and other 
bones, the restoration of stability in the spine can 
help improve pain and function. With advances in 
technology, spinal instrumentation, and fixation 
systems, there are now more ways to treat and 
address these fractures.

Regardless of whether the underlying tumor 
is a primary spinal column tumor such as chor-
doma or chondrosarcoma, or metastatic from 
another site, pathological fractures can occur in 
any vertebrae in the spinal column [2]. Because 
metastatic spinal column tumors are more com-
mon than primary spinal column tumors, the inci-
dence of spinal metastases is certainly higher [3]. 
With the evolution of systemic cancer therapies 
including targeted therapies and immunotherapy, 
patients with metastatic cancer are living longer 
and with a greater burden of disease. As such, 
these patients may develop spinal and skeletal 
fractures which can produce significant pain and 
disability limiting ambulation and the ability to 

Key Points
• Each patient requires a personalized 

evaluation of the mechanical, neurologi-
cal, oncological, and functional impacts 
of the pathological fracture to help guide 
the decision for surgery.

• Multiple options for decompression and 
stabilization of pathological compres-
sion fractures are available including 
minimally invasive and open surgery.

• There is no gold standard stabilization 
technique. The safest approach is the 
one the surgeon is most familiar with.
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bear weight. With this in mind, the role of the 
spine surgeon is to thoughtfully consider meth-
ods and strategies to stabilize these fractures in 
order to restore function and palliate pain in these 
scenarios.

In principle, the management of metastatic 
spine tumors requires multidisciplinary input as 
to whether the patient can tolerate surgical inter-
vention. Though imaging studies such as MRI, 
CT, and plain radiographs may demonstrate 
a fracture or fractures that correlate with the 
patient’s symptoms, careful consideration of the 
morbidity of a planned intervention is necessary 
as complications associated with surgery can 
have a devastating effect on the patient’s overall 
survival and outcome.

In this chapter, we will also discuss the role 
of radiation, specifically spine stereotactic radio-
surgery (SRS), and its effects on the bone and 
associated risks for pathological fracture after 
treatment. Cement augmentation in the form of 
vertebroplasty or kyphoplasty can also be very 
effective for patients with vertebral fractures 
provided there is only minimal retropulsion and 
spinal cord, cauda equina, or nerve root compro-
mise. Percutaneous techniques, like cement aug-
mentation, are discussed elsewhere in this text 
book.

 Evaluation

 Incidence

According to the American Cancer Society, 
over 1.7 million new cancer cases are projected 
annually in the United States [1, 4]. Lung cancer 
and breast cancer are the most common cancers 
overall [5, 6]. With regards to sites of metastases, 
after the lungs and the liver, the skeletal system 
is the third most common site of metastasis, of 
which the spine is the most common (30–50%). 
Patients between 40 and 60 years old are most 
commonly affected, and from this group of 
patients, 10–30% will develop a clinical mani-
festation such as a pathological VCF and/or 
spinal cord compression. Additionally, surgery 
may be needed for SRS-induced VCF, which can 

occur in up to 39% of the patients treated [7]. 
The thoracic (60–70%) and lumbar (20–25%) 
spines are the most common sites of metastases, 
with the cervical spine (10%) and sacrum being 
affected less commonly.

 Clinical Significance

VCF is a major problem that can occur at any time 
in the patient’s cancer treatment. It is associated 
with functional impairment and/or deterioration 
with prolonged pain and inactivity [8]. VCFs 
are associated with spinal cord compression in 
30–40% of cases and can lead to chronic pain, per-
manent weakness, and impairment of ambulation. 
Treatment goals have historically focused on pre-
serving neurologic function, restoring mechanical 
stability, and providing pain relief [6, 9].

Continued developments in chemotherapy, 
immunotherapy, and radiotherapy have improved 
the treatment and survival of these patients. 
Despite these advances, systemic therapies are 
more effective for visceral than bone disease. 
This ultimately limits the effectiveness of these 
emerging therapies on painful spinal fractures. 
As such, for patients with panful VCF, surgical 
intervention is a consideration.

 Pathologic Fracture After Spine 
Stereotactic Radiosurgery (SRS)

Radiation has a major role in the multimodal 
treatment of spinal tumors. Conventional frac-
tionated radiation is associated with high-dose 
radiation delivery to adjacent anatomical struc-
tures including the skin, soft tissues, and solid 
body organs in the area of interest. Due to the 
fractionated nature of dose delivery and the vol-
ume of the radiation fields, each cancer type 
responds differently to conventional radiation, 
and accordingly, pain response and local tumor 
control are variables [10].

Stereotactic spine radiosurgery (SRS) has 
emerged as a powerful adjuvant not only post-
operatively but also as a stand-alone treatment 
for spinal metastases [10–12]. With the advan-
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tages of minimizing radiation treatment-related 
complications and the accompanying high rates 
of tumor and pain control, SRS is now a therapy 
that complements other treatments in the spine 
[13]. With SRS, lesions are typically radiated in 
1–5 fractions with highly conformal radiation 
beams. Tumors historically radioresistant to con-
ventional fractionated radiation such as sarcoma, 
melanoma, and renal cell carcinoma (RCC) 
now demonstrate local tumor control rates up to 
95% at 1 year following SRS [10]. Additionally, 
radiation- induced complications to surround-
ing tissue is minimized. The highly conformal 
 treatment beams of SRS allow for limiting the 
dose exposure to surrounding vital organs (heart, 
lung, esophagus, kidney, skin, and spinal cord) 
[13–15]. This is particularly important in the 
postoperative setting where the radiation dose to 
the skin is minimized to prevent wound-healing 
issues. Because of the steep radiation dose fall-
off, the radiation dose to the vertebral column tar-
get and to the surrounding tissue, just millimeters 
away, is significant.

SRS is not complication-free, with VCF being 
a known posttreatment effect leading to poten-
tial instability [13, 16–18]. Compared to con-
ventional radiotherapy where the incidence of 
postradiation VCF is lower than 5%, in SRS the 
incidence of VCF is up to 39% [7, 19]. Not all of 
these fractures are symptomatic, and it needs to 
be clarified that not all VCFs need to be treated. 
In fact, many pathological fractures that hap-
pen after SRS treatment can be followed with 
serial clinical follow-up and imaging. In cases 
where pain persists, further imaging is required 
to assess the extent of the fracture and whether 
cement augmentation or surgery is appropriate. 
If there is vertebral body height loss with mini-
mal retropulsion of bone, cement augmentation 
through a percutaneous approach may be effec-
tive. If a spinal deformity or significant malalign-
ment develops due to collapse and kyphosis, 
surgery may be needed.

According to the International Spine Research 
Consortium, the entire vertebra needs to be radi-
ated in the event of a metastatic lesion [20, 21]. 
Although radiation of a specific spine level typi-
cally includes normal bone tissue and at least 

one vertebra above and below the lesion, VCFs 
occur almost only at the level of the metasta-
sis. While spinal cord radiation dose tolerances 
have been reported, it is still unclear how much 
dose the spinal cord can actually tolerate. The 
data regarding dose tolerance is extrapolated 
from reported cases of spinal cord toxicity from 
SRS.  There is variation in treatment protocols 
and dose constraints as published in the litera-
ture [10]. Depending on each institution’s proto-
cols, studies using different doses and fractions 
report conflicting tumor and pain response and 
total survival results. Radiation doses/fraction 
can vary between 30–40 Gy or 25–35 Gy/5 frac-
tions, 30 Gy or 25–35 Gy/4 fractions, 24–30 Gy 
or 8–9  Gy/3 fractions, 24  Gy/2 fractions, and 
18–24 Gy/1 fraction.

VCF following SRS tends to be dose- 
dependent (Table  16.1). Most post-SRS VCFs 
are reported in the thoracic and lumbar spines 
[6, 21–32]. VCFs can occur between 1.5 months 
and 2.5  years of follow-up but are mostly 
observed during the first year postradiation and 
specifically during the first 6–9  months, mak-
ing VCF an acute or subacute complication [7, 
13, 21, 26, 27, 31–33]. Specifically, the chances 
of a post-SRS VCF are less in single dosages 
of 16–18  Gy whereas >40% at multiple frac-
tions over 20–24  Gy per dose [21]. From the 
first report of 39% VCF risk by Rose et  al. in 
2009, single- and multi-institutional studies 
have modified the radiation per fraction applied 
and narrowed VCF incidence down to 7.8% [7]. 
Using a single fraction protocol of 24 Gy, Virk 
S. et  al. concluded that the cumulative 5-year 
incidence of VCF was 8.1% [31]. Sahgal et al. 
in multi-institutional study of Elekta Spine 
Radiosurgery Research Consortium including 
410 lesions in 252 patients concluded that the 
risk of VCF is 14% [27]. In the largest series by 
Boyce-Fappiano et al. including 1070 lesions of 
448 patients, it was found that SRS treatment of 
metastatic spine lesions led to an almost 12% 
(11.9%) VCF incidence [32].

Risk factors have been identified, although no 
commonly accepted factors exist. Associated risk 
factors include solitary, lytic lesions, and pre-
scription doses higher than 24 Gy [10, 28, 30]. 
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Additionally, the literature is consistent that SRS 
has no beneficial role in providing spinal stability 
[7, 26–30, 32]. Almost all studies confirm that a 
new post-SRS VCF is highly associated with the 
existence of fracture or spinal deformity before 
radiation [26–28, 34]. Lytic lesions and hyper-
vascular lesions were found to significantly 
increase the chances of post-SRS VCF.  Tumor 
growth against normal bone impairs the bone’s 
mechanical properties; Thibault et  al. observed 
that over 11.6% percentage of vertebral body 
involvement is predictive for imminent VCF 
post-SRS [24, 36]. Additionally, according to 
histopathological data, targeted radiation dam-
ages the collagen and causes necrosis and/or 
fibrosis, a phenomenon described as “osteora-
dionecrosis,” which reduces spinal stability lead-
ing to insufficiency- VCF [18].

In the event of a post-SRS VCF, as described 
in Table  16.1, the most commonly used tech-
nique is percutaneous vertebral cement aug-
mentation or conservative treatment. About half 
of patients will eventually need surgical inter-
vention due to spinal instability, deformity, or 
pain. Patients who have a baseline fracture or 
spinal deformity are more likely to require sur-
gery with instrumentation. Protective pre-SRS 
cement augmentation of metastatic lesions has 
been also proposed as a possible treatment algo-
rithm [23, 26, 39] .

 Medical Management 
and Optimization

 Introduction

The presence of a spinal tumor, primary or meta-
static, requires careful evaluation and treatment 
management [40]. Decision-making for surgical 
optimization is guided by algorithms evaluating 
the neurological, oncological, and spine-related 
aspects of the patient [38, 41, 42]. The NOMS 
algorithm guides the management of these 
patients. Specifically, these four initials assess 
the degree of epidural spinal cord compression, 
the radiosensitivity of the tumor, the mechanical 
stability of the level(s), and the extent of systemic 
disease [42].

 Clinical Characteristics of Pathologic 
Spine Fractures

When symptomatic, pathologic spine frac-
tures may present with constant, unremitting, 
or movement- related pain. Radiculopathy or 
myelopathy may occur as a result of the conse-
quences of failure of the spinal column to with-
stand the loads associated with weight-bearing 
and activity. For example, a lumbar pathologic 
fracture may present with severe back and leg 
pain that is worse with sitting, standing, and 
walking. Taking a thorough history and under-
standing, the nature of the pain is critical to 
identifying pathologic fracture-related pain [44]. 
Table 16.2 describes the wide symptom-spectrum 
presented in the event of VCF.

 Pain Associated with Spine Tumors

Neck or back pain is the dominant symptom 
accompanied with spinal column tumors. The 
difference in pain characteristics are related to the 
various causes of pain (Table 16.2). Mechanical 
pain worsening with movements or axial loading 
(sitting or standing) and relieved in recumbency 
is indicative of the inability of the spine to cope 
with the mechanical stress at different positions. 
Biological pain is characterized by constant local 
intractable pain, with no change in pain during 
upright position, movement, or lying down. This 
pain is likely due to destruction of the periosteum 
by cancer. This type of biological bone pain is 
responsive to steroids and tends to vary during 
the day irrespective of activity or weight-bearing. 
Patients not on supplemental steroid therapy 
often complain of pain worse in the morning and 
night, which is consistent with the diurnal varia-
tion of endogenous adrenal steroid production.

 Signs and Symptoms of VCF

 Craniovertebral Junction: Occipital 
Condyle to C2
The craniovertebral junction (CVJ) , specifically 
C1 (atlas) and C2 (axis), is a rare site of metas-
tases, but the symptoms can be severe, leading 
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to devastating pain [45, 46]. Destruction of the 
bone at the CVJ by tumor may lead to atlantoax-
ial instability. The pain associated with this area 
is severe rotational pain [40, 47]. Patients may 
complain of pain with turning their head side to 
side. They may also complain of increased effort 
to keep their head up. Mechanical pain, occipital 
neuralgia, and retro-auricular and/or retro-orbital 
headaches occur rather than neurologic compro-
mise due to the wide spinal canal of the upper 
cervical spine (Table  16.2) [40, 46, 48, 49]. In 
severe cases, spinal cord compression may occur 
as a result of C1–2 subluxation and/or epidural 
extension of tumor, but most often there is more 

neck pain than neurological symptoms in this 
region.

Fractures may involve the occipital condyle, 
lateral masses of C1, the facets between C1–2, 
and even the odontoid [46]. Fractures or lytic 
destruction involving the lateral masses of C1 
can result in severe mechanical pain. Because 
of the location, the C2 nerve root also may be 
affected, either by direct compression or traction 
due to instability at that segment. Though this 
site is rare for metastases, surgeons should have 
a high index of suspicion when cancer patients 
present with neck pain that is worse with head 
turning.

Table 16.2 Symptoms of spinal metastasis and pathological VCF

Spinal 
level Most common symptoms
C0-C2 Cervical and suboccipital neck pain

Instability pain
Occipital neuralgia (in case of C2 nerve involvement), occipital headache
Cranial neuropathies: Cranial nerve involvement in case tumor progresses at skull base
Cervical myelopathy
Dysphagia
Bulbar pathology
Intracranial hypertension, somnolence – Hydrocephalus
Respiratory suppression/respiratory arrest

C3-C6 Neck pain (mechanical, nonmechanical), occipital neuralgia
Retro-auricular and/or retro-orbital region headache
Upper extremity pain, radiculopathy: Paresthesias and sensory deficits, nerve root compression: Upper 
extremity tingling/weakness/spasticity
Spinal cord compression: Loss of walking ability, quadriparesis/paraparesis, ataxia
Spinal shock: Flaccidity, loss of sphincter tone, fecal incontinence, priapism, loss of bulbocavernosus reflex
Neurogenic shock: Hypotension, paradoxical bradycardia, flushed/dry/warm peripheral skin, 
poikilothermia
Autonomic dysfunction: Ileus, urinary retention or incontinence
RLN and SLN dysfunctions: Hoarseness, swallow dysfunction
Airway compromise due to retropharyngeal hematoma or prevertebral soft tissue edema

C7-T2 Mechanical pain
Nonmechanical pain (neck, shoulder, arm)
Paresthesias, lower extremity weakness
Radiculopathy
Paraparesis/quadriparesis, paraplegia
Urinary incontinence
Cervicobrachialgia

T3-T10 Low back pain
Abdominal pain
Somnolence – Hydrocephalus

T11- 
L5

Paraplegia
Hip and pelvis pain
Cauda equina syndrome
Lower extremity paralysis

VCF, vertebral compression fracture; SLN and RLN, superior and recurrent laryngeal nerve

16 Operative Treatment of Pathologic Compression Fractures of the Spine
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 Subaxial Cervical Spine: C3 to C6
In the subaxial cervical spine, the spinal canal 
diameter is narrower, so it is more likely that a 
neurological deficit or symptom will accompany 
neck pain [46]. In contrast with the CVJ, where 
the ligaments are complex and strong, in the sub-
axial spine, the only barrier between the posterior 
part of the anterior column and the spinal canal 
is the posterior longitudinal ligament. Depending 
on the severity of spinal cord or nerve root com-
pression, neurological compromise can vary from 
upper extremity weakness or spasticity to ataxia, 
paraparesis, and quadriparesis (Table 16.2) [50]. 
Patients with symptoms in this region may also 
have pain with head and neck rotation, though 
they will likely have more pain with neck flex-
ion and extension. Patients may have some relief 
of this mechanical neck pain with the use of an 
external orthosis such as a neck collar prior to 
evaluation by a spine surgeon. Because of the 
location in the mobile cervical spine and the 
proximity to the spinal cord and nerve roots, 
patients may present with a radiculopathy similar 
to what is seen in the degenerative spine patient. 
Unilateral or bilateral symptoms may be present 
depending on the nature and extent of vertebral 
column involvement.

In this region, a carefully performed neuro-
logic examination complements the radiographic 
assessment of fracture and involvement of the 
cervical vertebrae. Surgeons need to look for 
signs of spinal cord compression in addition to 
specific nerve root distribution pain, weakness, 
and sensory changes.

Given the location and the regional anatomy, 
cement augmentation is often not feasible in the 
subaxial cervical spine. As such, these patients 
should be evaluated for consideration of spine 
surgery to decompress and stabilize the spine if 
the fracture is significant and cord compression 
is present.

 Cervicothoracic: C7 to T2
The cervicothoracic junction (CTJ) refers to 
the C7, T1, and T2 levels. Spinal metastasis of 
the CTJ presents with mechanical instability 
and movement-related pain, most commonly in 
extension. The presence of the ribs and clavicles 

adds stability to this region, so symptoms may 
present later in the disease. Furthermore, VCF 
can lead to subsequent spinal canal narrowing, 
and spinal cord or spinal nerve injury as the spi-
nal canal is narrower in the sub-cervical spine 
(Table 16.2) [51].

 Thoracic and Lumbar Spine: T3 to L5
Most metastases and VCFs occur in the thoracic 
and lumbar spine, about 60% and 20%, respec-
tively. The cumulative mechanical forces that 
are transmitted through the vertebrae cranially to 
caudally, combined with the inferior bone quality, 
make these VCFs more common. Thoracic verte-
brae are more vulnerable to VCF because of the 
geometric and loading alignment. VCF- related 
instability manifests as pain in movement: in the 
thoracic and thoracolumbar spine, pain worsens 
in recumbency revealing an unstable kyphosis, 
whereas in the lumbar spine, pain exacerbates 
when standing or sitting. Additionally, pain can 
be accompanied by lower extremity neurologic 
deficits, ambulatory loss, or even paraplegia. 
Spinal cord compression is more common at the 
thoracic spine due to the narrower spinal canal 
(Table 16.2).

 Radiographic Diagnosis 
of Pathological Fractures of the Spine

If a pathologic fracture is suspected, the patient 
will need diagnostic imaging. The evaluation 
may start with plain radiographs; however, MRI 
and/or CT provides the most comprehensive 
diagnostic imaging [21].

Although anteroposterior (and lateral) chest 
X-ray is included at most institutions, it has a low 
sensitivity for detecting fractures [52]. Vertebral 
body compression, an abnormal vertebral cortex 
or erosion, calcification (in osteoblastic metasta-
sis), and former instrumentation are indicative of 
a fracture. When possible, a standing X-ray can 
reveal alterations of vertebral alignment, kypho-
sis, retropulsion, and abnormality [46, 53]. CT 
can provide precise three-dimensional assessment 
of the bone elements, cortex, and vertebral body 
anatomy [52]. Osteolytic and/or sclerotic areas, 
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free air in the vertebral body, and paravertebral 
masses can be also detected. CT is the examina-
tion of choice when MRI is contraindicated.

MRI is the imaging of choice to evaluate the 
extent of epidural extension. The image quality is 
superior to CT when evaluating soft tissue and the 
spinal cord. It also provides greater detail in the 
bone marrow. MRI reveals more detailed lesion 
delineation, allowing assessment of the degree of 
bone marrow involvement, spinal cord compres-
sion, and epidural and paraspinal extension, as 
well as determining the presence of other lesions 
and lesion vascularity [54]. T1 and T2 short-tau 
inversion recovery (STIR) sequence with fat sup-
pression is specific for spine fractures, and T2 
sequence are most useful for this purpose [55].

Certain signs are associated with common 
pathologies (Table  16.3), but none is specific 
for one type of VCF [54, 55]. Usually, a dif-
ference in signal intensity and morphology of 
the bone marrow and elements compared with 

the adjacent vertebra will reveal the VCF.  The 
hematogenous spread of metastatic cells via 
Batson’s venous plexus can distribute metastases 
throughout the spine [44, 56]. Thus, the finding 
of a VCF at the cervical spine at first presentation 
likely  represents malignancy [40]. According to 
Tomoyuki Takigawa et al., certain MRI findings 
are associated with metastasis: posterior element 
involvement, pedicle involvement, and posterior 
wall diffuse protrusion were the findings with 
the highest sensitivity and specificity. If these 
three MRI features are detected together, there is 
99.3% probability of malignancy [55]. Also, the 
existence of additional abnormal findings such 
as trabecular lesions, lytic osseous destruction, 
complete replacement/involvement of the ver-
tebral body, compression of the entire vertebral 
body, diffuse posterior vertebral body convexity, 
end plate involvement, disc involvement, corti-
cal destruction, rounded or diffuse alterations in 
bone marrow density, complete replacement of 

Table 16.3 Radiographical signs for spine metastasis diagnosis

VCF type
Imaging 
method Sign Description

Malignant X-ray Owl sign Destroyed pedicle due to lytic lesion
CT Lytic osseous destruction, particularly of the 

anterolateral and/or posterior vertebral body cortices, of 
cancellous bone or the pedicles

MRI Complete replacement normal bone marrow, pedicle/
posterior elements/intervertebral disk involvement

MRI/CT Retropulsed fracture fragment, epidural mass
Additional non-characteristic lesions, paraspinal mass 
larger than 5 mm, epidural mass, diffuse convexity of 
posterior vertebral border

DWI-MRI Enhancement heterogeneity (SIR>0.8)
Benign 
osteoporotic

CT Intravertebral vacuum 
phenomenon, intravertebral 
air

Intravertebral vacuum cleft in osteoporotic fractures

Band-like sign Bone marrow edema
Visualization of distinct fracture lines (as opposed to 
destruction, diffuse vertebral sclerosis, or an 
intravertebral vacuum cleft)

MRI Fluid-like sign Presence of fluid signal adjacent vertebrae to the VCF 
level

CE MRI See-through sign Osteoporotic
MRI/CT Coexistence of previously healed VCF

Focal posterior vertebral border convexity
Posterior/posterior-superior bone fragment of the 
vertebral body into the spinal canal

CT, computed tomography; MRI, magnetic resonance imaging; DW-MRI, diffusion-weighted MRI; SIR, spinal inten-
sity ratio; CE MRI, contrast-enhanced MRI; VCF, vertebral compression fracture
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normal bone marrow, lesion with low density sig-
nal (hypointense) on T1 and STIR whereas high 
density signal (hyperintense) on T2 to normal 
bone marrow due to edema, paravertebral mass 
(attention in confusion with hematoma in benign 
VCF), epidural mass, and spinal cord band sign 
are highly associated with pathologic nature of 
the VCF [54].

In contrast, posterior focal vertebral body con-
vexity, band-like edema area and “fluid sign” are 
associated with benign/osteoporotic fractures. 
Wang Mi Liu et  al. proved that MRI imaging 
is an accurate, specific, and sensitive method 
in diagnosing pedicle involvement. The current 
technology with diffusion-weighted MRI and 
CT-PET scan for fracture differentiation has no 
clear use in excluding malignancy, which is the 
highest priority [52].

Furthermore, whole spine imaging is advised 
for detection of additional lesions. Due to the wide 
heterogeneity in image characteristics, if needed, 
biopsy confirmation of the underlying process is 
recommended [52]. This is particularly important 
if there is a solitary lesion for which the diagno-
sis is unclear. Though rare, a primary spinal col-
umn tumor such as chordoma or  chondrosarcoma 
may present in this way. Because the treatment 
goals for tumors like this are different from that 
of metastatic lesions, it is critical to know what 
the diagnosis is before deciding upon any spe-
cific therapy, whether radiation, cement augmen-
tation, or surgery. If in doubt, get the biopsy.

 Assessment of Spine Stability 
in Cancer: SINS (Spinal Instability 
Neoplastic Score)

 Concept of SINS
Determining whether a metastatic spinal lesion 
is unstable has historically been subjective and 
inexact. It often relied on clinical experience 
and surgical intuition [5, 57]. Given the need to 
quantify such instability and to have a standard 
nomenclature for identification and classifica-
tion, the Spine Oncology Study Group (SOSG) 
introduced the Spinal Instability Neoplastic 
Score (SINS) [38]. Spinal instability in metastatic 

spine disease has different considerations than 
traumatic spinal injuries and as such requires a 
more specific classification. The SOSG defined 
spine metastatic instability as [38]“loss of spinal 
integrity as a result of a neoplastic process that 
is associated with movement related pain, symp-
tomatic or progressive deformity, and/or neural 
compromise under physiologic loads.”

SINS is also a communication tool among 
physicians to help diagnose and systematize clin-
ical decision-making on referrals and manage-
ment (Table 16.4) [38]. SINS represents a scoring 
algorithm based on clinical and imaging criteria. 
It organizes the evaluation process and repre-
sents specific spine-based criteria to aid in surgi-
cal decision-making. Each of the six criteria is 

Table 16.4 The SINS algorithm

Elements of SINS Score
A. Location
  Junctional (occiput-C2, C7–T2, T11–L1, 

L5–S1)
3

  Mobile spine (C3–C6, L2–L4) 2
  Semirigid (T3–T10) 1
  Rigid (S2–S5) 0
B.  Pain relief with recumbency and/or pain with 

movement/loading of the spine.
  Yes 3
  No (occasional pain but not mechanical) 1
  Pain-free lesion 0
C. Bone lesion
  Lytic 2
  Mixed (lytic/blastic) 1
  Blastic 0
D. Radiographic spinal alignment
  Subluxation/translation present 4
  De novo deformity (kyphosis/scoliosis) 2
  Normal alignment 0
E. Vertebral body collapse
  >50% collapse 3
  <50% collapse 2
  No collapse with 50% body involved 1
  None of the above 0
F.  Posterolateral involvement of the spinal elements 

(facet, pedicle, or CV joint fracture or replacement 
with tumor)

  Bilateral 3
  Unilateral 1
  None of the above 0
0–6:
Stable

7–12:
Potentially 
unstable

13–18:
Unstable
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independently assessed and scored to be summed 
to a total score out of 18; the higher the score, 
the more unstable the spine and the stronger is 
the indication for stabilization. Specifically, 0–6 
indicates stability, 7–12 is an intermediate score, 
and a score higher than 13 indicates instability 
and the need for surgical consultation [38].

 SINS in Clinical Practice
Since it was introduced, the utility of SINS as 
a decision-making tool has been investigated 
among various specialties (radiologist, radiation 
oncologists, spine surgeons) for initial assess-
ment and surgical consultation [58–60]. Despite 
the limitations, SINS is an effective way of 
referring patients to surgery regardless of the 
evaluating physician (Table  16.5) [38, 61]. 
According to the scoring system, pathologic 
fractures generate the highest scores, based on 
pain, spinal alignment, and vertebral body col-
lapse (Table 16.4) [38].

Several studies have separately tested the 
six criteria in order to spot any potential source 
of intra- or interobserver variability [62]. The 
 quality of the bone lesion was the criterion with 
the widest variability in intraobserver character-

ization [58, 63, 64]. Experience of the assessor 
and medical specialty seem to play a major role 
in the accurate assessment. More importantly 
though, SINS was found to be suitable in detect-
ing an unstable or potentially unstable spine 
since observers rated almost all unstable cases 
correctly which was the main initial objective 
of SINS [38]. Referrals among specialties were 
facilitated especially for the type of patient with a 
solitary metastasis where there is a need to decide 
on surgical consultation [59].

Versteeg et al. in an international study eval-
uated the effect of the introduction of SINS 
by calculating the mean and median score of 
patients with spine metastasis who were treated 
with radiotherapy or surgery. SINS resulted in a 
decrease of the mean score in both groups, with 
less patients meeting the surgical criteria and 
more patients being treated conservatively [65]. 
This reflected that only patients who will be bene-
fited by surgical stabilization were candidates for 
surgery. Recent studies have questioned the role 
of SINS in predicting and assessing VCFs after 
SRS (Table 16.1) [27, 28, 33, 37]. Accordingly, 
Cunha et  al. and Sahgal et  al. supported that 
three of the SINS criteria, bone quality, vertebral 
alignment, and vertebral body compression, were 
predictive factors of post-SRS VCF [27, 28]. 
Huisman et al. showed that a higher SINS prior 
to SRS was indicative for VCF during postradia-
tion period [66]. These findings confirm that SRS 
does not offer spine stability and supports that a 
higher pre-SRS SINS should alert the surgeons of 
impending instability or VCF; thus, patients may 
be benefited by a stabilizing surgery prior to SRS.

It is important to mention that SINS has limi-
tations as presented on Table 16.5, which are a 
possible source of discord in management. The 
score assesses instability only and does not offer 
predictive treatment recommendation regarding 
survival or even complications. Cases of multi-
focal involvement, neurological and functional 
status, primary tumor histology, former surgical 
treatment, and the time interval for surgical inter-
vention remain to be elucidated. It is a decision- 
making tool, one of many, to help the oncology 
provider assess and understand the nature of 
metastases affecting the spine.

Table 16.5 SINS advantages and limitations

Advantages Limitations
Clinical guide for 
predicting stability

Cases with multifocal 
involvement or noncontinuous 
lesions, primary spinal tumors, 
intradural or epidural tumors

Easy to use Neurological and functional 
status of the patient is not scored

Comprehensive and 
focused (entire 
spine)

Normal findings are not defined, 
e.g., bone quality, vertebral 
alignment

Facilitates 
communication and 
referrals
(surgeon, radiation, 
oncology)

Does not take into consideration 
the primary tumor, which 
implicates the prognosis

Guides treatment Presence of former surgical 
procedure is not included (e.g., 
laminectomies, fusion)

– C1 and C2 levels are not assessed 
comprehensively

– Limited predictability: 
progression of the stability is not 
assessed
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 Surgical Management of Common 
Pathologies

Surgeons should focus on the decision-making 
process, thoughtfully selecting patients that may 
benefit from surgery from spinal metastasis [67]. 
Each treatment is patient-specific, with a consid-
eration of the criteria discussed above in addi-
tion to the patient’s desires and expectations. It 
is essential to take into consideration that these 
patients are for the most part already at an end- 
stage of their disease and that their condition can 
significantly deteriorate as a result of surgery. 
The various classification systems such as the 
Tokuhashi and Tomita scores stratify patients 
based on the severity of their underlying medical 
condition [68].

The preoperative evaluation should include 
MRI, CT, spinal angiography, and possible 
embolization for hypervascular tumor such as 
renal cell carcinoma, hepatocellular carcinoma, 
and follicular thyroid carcinoma. Direct laryn-
goscopy for vocal cord (VC) and swallowing 
function assessment prior to an anterior cervical 
approach, recurrent (RLN) and superior laryn-
geal nerve (SLN) integrity, and brachial plexus 
functional evaluation can be very helpful though 
not always needed [2, 40, 47, 48, 57, 69, 70].

Each patient is unique and requires personal-
ized treatment based on the level(s) of the lesion, 
the extent of involvement and the histology of the 
primary tumor [34, 40, 71, 72]. The decision of 
surgical approach (anterior, lateral, or posterior) 
depends not only on surgical experience but the 
patient’s condition, anatomical characteristics, 
the anticipated morbidity and complications, and 
the feasibility of the intended approach [43, 72].

When the decision is made for surgery for a 
pathologic fracture, it needs to consider the needs 
for biomechanical reconstruction, stabilization, 
and neurologic decompression. Surgical stabili-
zation needs to be rigid as the construct needs to 
be able to weather subsequent therapies like che-
motherapy and radiation (Table 16.6).

The decision of technique and approach is 
determined by a number of factors such as the 
spine level(s) and the columns affected, the 
complexity of the reconstruction, and the tech-

nique with which the surgeon is best acquainted. 
Intraoperatively, somatosensory evoked poten-
tials and motor evoked potential monitoring 
is advised but is not required [73, 74]. In cases 
where prolonged survival is expected, the safest 
approach with the most durable effect is consid-
ered more appropriate so that the patient may 
resume or start systemic therapies once recovered 
from surgery. Admittedly, the prognostication 
aspect of identifying which patients will survive 
long enough to benefit from surgery continues to 
be a major challenge.

Less invasive approaches as an alternate to 
surgery, such as vertebroplasty and kyphoplasty, 
are effective in carefully selected patients [75]. 
These techniques are discussed elsewhere in this 
textbook. Offering return to ambulation and pain 
alleviation, these techniques potentially reduce 
adverse outcomes associated with surgery [75].

 Surgical Considerations: Cervical 
Spine and Cervicothoracic Junction

The neck has the unique role of holding the load 
of the head and hosting numerous vital struc-

Table 16.6 Indications and contraindications of spine 
surgery at the event of VCF

Indications Contraindications
Mechanical stabilization – 
unstable fracture

Life expectancy less than 
3–6 months

Neural tissue protection. 
Existence of a spinal cord 
or nerve compression 
(myelopathy, 
radiculopathy)

Patient not adequate for 
surgery – surgery 
contraindications

Palliative for pain Uncomplicated spinal 
metastasis, stable spinal 
fracture, normal 
alignment

Stop further progression Poor patient oncological 
status (extensive visceral 
metastatic disease)

Surgical excision with wide 
margins offers the only 
chance of cure

Multiple lesions, not 
enough healthy tissue to 
insert the screws

Radioresistant tumor Lack of experience
Separation surgery –
Biopsy, controversial 
radiographical image

–

T. Stamatopoulos et al.



165

tures while preserving flexibility and mobility 
[76]. Metastasis at the upper cervical spine is the 
rarest with a lower than 1% incidence, whereas 
metastasis in the sub-cervical spine is more com-
mon [77, 78]. Surgical stabilization is often cho-
sen and well tolerated – anterior, posterior, or a 
combination of approaches are frequently used, 
depending on the elements involved and the num-
ber of vertebrae affected.

The CVJ allows for extension, flexion, lateral 
bending, and rotation of the head while protect-
ing vital anatomical structures such as the spinal 
cord and the vertebral arteries [48]. The atlas and 
axis are mostly supported by the ligamentous 
structures and the neck muscles [78, 79]. The 
transverse ligament of C1 is clinically signifi-
cant as it holds the dens and the lateral articular 
masses of C1 and C2. Biomechanically, forces 
are transmitted from the occipital condyles to the 
C1 and C2 lateral masses [80]. Metastases occur 
mainly at the anterior and anterolateral elements 
including the condyles and lateral masses of C1. 
Fractures or minimal subluxations that do not 
affect the alignment of the vertebra can be treated 
with radiotherapy only [48, 81]. A general rule 
is proposed that a subluxation greater than 5 mm 
or 3.5  mm of subluxation with an 11° angula-
tion are indicative of instability [46, 48, 76, 78, 
82]. Further indications for surgery are spinal 
cord compression, postradiation instability, or 
an inability to tolerate conservative treatment. 
Interestingly, SINS characterizes metastasis at 
CVJ with a maximum score, but C1 and C2 can-
not be evaluated completely as the rest of the cer-
vical vertebra as “vertebral body collapse” and 
“element involvement” may not adequately be 
assessed based on the CVJ biomechanics.

 Vertebroplasty and Kyphoplasty
The current state of clinical practice does not sup-
port with evidence on the use of cement augmen-
tation in this region. An open surgical approach 
is preferred in this region for mechanical insta-
bility. There are only case series and case reports 
published; patients with limited life expectancy 
where an open surgical intervention is contra-
indicated can potentially benefit from cement 
augmentation [49, 84, 85]. Carza Ramos et al. in 

his systematic review and meta-analysis reported 
6 studies of level IV evidence where vertebro-
plasty or kyphoplasty were used in cervical spine 
(mainly C2) metastasis with satisfactory results 
[84, 86, 87]. However, its use in pathologic frac-
tures in this region is limited.

 Surgical Stabilization Techniques

Surgical CVJ stabilization is typically performed 
through a posterior midline approach. Open ante-
rior and anterolateral (lateral extrapharyngeal 
with/without mandibular osteotomy) approaches 
through parapharyngeal, retropharyngeal, and 
prevertebral anatomical spaces, where vital 
vessels (internal jugular vein, VA, and com-
mon carotid arteries), nerves (lingual, marginal 
mandibular, vagal, RLN and SLN, hypoglossal, 
spinal accessory), and the submandibular gland 
exist, are associated with high complication rates 
[48, 78, 80]. As such, in the metastatic patient, 
anterior approaches to this region are hard to jus-
tify given the approach-related morbidity and the 
limited reconstruction and stabilization options 
from an anterior approach. Thus, limited expo-
sure and increased morbidity made open anterior 
approaches less applicable and not as widely used. 
Transoral and transpalatopharyngeal approaches 
are associated with certain postoperative compli-
cations such as dysphagia and infection.

The approach through a posterior midline 
incision is usually sufficient to meet the goals 
of decompression and stabilization [76, 78, 88]. 
Spinal cord decompression is easily achieved 
through laminectomy [5, 48, 78]. Anterior stabi-
lization techniques with odontoid screws do not 
provide stable constructs in the context of meta-
static spinal disease due to altered anatomy and 
inferior bone quality [46, 83, 89].

Due to structural superiority, conventional rod-
screw systems allow for rigid fixation at occiput 
and the posterior cervical spine. Typically, con-
structs may entail fixation with an occipital plate 
with extension to the subaxial cervical spine. 
Likewise, fixation may be at C1–2 or any other 
combination of levels for instability in this region 
[5, 48, 76, 78, 90]. CVJ fixation using an occipital 
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plate and pedicle screws with rods offer the most 
durable and reliable outcome, with limited compli-
cations [88, 91]. Occipital plates with combination 
of screws at the midline keel of the suboccipital 
bone and lateral screws 10–18 mm diameter offer 
the greatest strength and the least injury risk of 
transverse sinus and torcula [78, 90]. Careful 
pedicle screw insertion at cervical vertebrae can 
be performed under navigation to decrease iatro-
genic damage of the neural structures and the VA, 
especially at the C2 isthmus [9, 88]. The lateral 

masses of the cervical vertebrae are typically used 
for fixation, but in cases where the lateral masses 
have been destroyed, the cervical pedicles are an 
effective backup fixation strategy.

The lateral masses of C1 and the pars/ped-
icle of C2 are excellent points of fixation if 
not involved by tumor [92]. Special attention 
is required to position the rods in a way that 
 maximizes cervical lordosis and does not create 
an iatrogenic deformity. Case 1 is a representa-
tive case of a C2 metastasis (Figs. 16.1 and 16.2).

a b

c d

Fig. 16.1 Case 1: 
patient with lung Ca 
presents with neck pain 
quadriparesis. Cervical 
MRI reveals 
compression and 
fracture at C3,4,5. T1 
and T2 sequences (a, b) 
sagittal images show the 
lytic lesion destroying 
the vertebral body of C3 
to C5 vertebrae. Axial 
images (c) and (d) show 
severe spinal cord 
compression
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In the subaxial spine, anterior approaches 
allow for direct access from C3 to T1. Much of 
this depends on the patient’s anatomy. The benefit 
of an anterior approach is the ability to resect the 
affected vertebral body(s), decompress the spinal 
cord and nerves, and reconstruct and stabilize the 
spine [5, 9, 76]. The anterior approach is familiar 
to most surgeons and is a facile technique with 
direct access to the vertebral body(s).

For single-level lesions, a corpectomy can 
be performed and reconstructed with a wide 
variety of implants and devices [2, 5, 40, 43, 
93–96]. Stand-alone implants (polyetheretherk-
etone cages, titanium cages, carbon fiber cages, 
expandable cages, bone grafts) without additional 
mechanical support tend to dislocate, so anterior 
screws and plates are used to supplement the ante-
rior column reconstruction [2, 9, 40, 43, 96]. Due 

a b

c d

e f

Fig. 16.2 Case 1 
(continued): combined 
anterior-posterior 
approach. (a, b) Preop 
coronal CT images show 
the extensive bone 
destruction. Anterior 
column was stabilized 
with C3 to C7 screw- 
plate system along with 
posterior fusion (c and 
d). Successful spinal 
alignment with spinal 
cord decompression  
(e and f)
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to poor bone quality and the possibility of hard-
ware loosening and pullout, a consideration for 
supplemental fixation or an additional posterior 
approach should be considered [2, 43].

Posterior approaches are preferred in cases of 
multiple-level disease, posterior element involve-
ment (lamina(e) and/or facet joints), high-grade 
epidural compression, and where extensive 
instrumentation is needed; see Case 1 below [2, 
5, 76, 95]. A combination of approaches is con-
sidered in multiple-level cases where a single 
approach cannot provide sufficient three-column 
reconstruction [2, 43, 76]. Posterior instrumenta-
tion can be performed at a second stage [97].

Metastasis at the cervicothoracic junction 
represents about 10% of spinal metastases; see 
Case 2 [57, 72, 98–100]. Here, the cervical lor-
dosis transitions to thoracic kyphosis. Anterior 
and transthoracic approaches include the supra-
clavicular approach (with/without median ster-
notomy), the left anterolateral cervical exposure, 
the transmanubrium osteotomy, a transsternal 
approach, the transmanubrial–transclavicular 
approach, the trap-door approach, and an antero-
lateral thoracotomy; these are usually performed 
in cases of primary tumors of the posterior medi-
astinum, anterior element disease with/without 
spinal cord compression, or where en block exci-
sions should be performed [57, 101, 102]. T1 and 
T2 are located at the posterior part of superior 
mediastinum, so these approaches are performed 
with the aid of the thoracic surgeon [98]. For 
metastatic lesions, a corpectomy is performed 
with additional reconstruction using cement and 
Steinmann pins, plates with mesh, cage, autolo-
gous iliac crest grafts, and rib or fibula allografts 
[57, 101, 102].

Posterior approaches are associated with 
less morbidity and the ability to perform mul-
tilevel decompression and stabilization effec-
tively [57, 72]. The open posterior approach is 
the workhorse for the spine surgeon [57, 76]. 
The posterior approach may include laminec-
tomy, facetectomy, pedicle drilling, and cos-
totransversectomy. Through a single posterior 
approach, stabilization and decompression can 
be performed. In the upper thoracic spine, ante-
rior vertebral body intralesional resection along 

with anterior column reconstruction with cages, 
bone grafts, and cement with Steinmann pins can 
be performed without performing a thoracotomy 
[57, 98, 100–105]  (Fig. 16.3).

 Thoracic and Lumbar Spine: T3–L5

Thoracic and lumbar spine metastases are more 
common than cervical and CTJ. Approximately 
60% and 20% occur at the thoracic and lumbar 
spine, respectively; their larger magnitude is 
accused for this high rate. Constant progress is 
achieved in surgical techniques, as cancer patients 
cannot undertake complex surgical approaches.

Cement augmentation is used in the tho-
racic and lumbar spines. Due to its limitations 
described in Table 16.7, it is indicated in specific 
cases. The procedure includes image-guided, uni-
lateral or bilateral, percutaneous, transpedicular, 
or parapedicular approach, or when done intraop-
eratively, under direct visualization during open 
surgery [106]. Depending on the vertebral integ-
rity (end plates, vertebral discs, and posterior 
wall), vertebral augmentation can successfully 
provide stability with minimal and subclinical 
cement extravasation into the paravertebral soft 
tissue or the spinal canal [107, 108].

Anterior approaches can be effective in treat-
ing thoracic and lumbar pathologic fractures 
(Case 3, Figs. 16.4 and 16.5). A combination of 
anterior with posterior or lateral approaches can 
also be used. A variety of implants for vertebral 
body reconstruction can be used such as static or 
expandable cages (see Case 4 at Figs. 16.6 and 
16.7) or PMMA [74, 110–113]. Cages have been 
reported to be successfully applied to one-, two-, 
or three-level thoracolumbar tumors after corpec-
tomy [112, 114].

A limitation of cages is that the superior and 
inferior end plates need to be intact to be able to 
mechanically support the cage in the intended ori-
entation. Cage subsidence is an issue [113]. There 
is no clear superiority of any type of cage recon-
struction strategy versus cement [115]. Various 
bone grafts (iliac crest, rib, fibula,  femoral shaft, 
vascularized fibular bone graft) can also be used 
[116]. Spinal fusion with two levels above and 
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a

d

e

c

b

Fig. 16.3 Case 2: 64-year-old female patient with non- 
small cell lung cancer (EGFR+), who had undergone prior 
conventional radiotherapy to a lung lesion and 30Gy to 
spine for a T2 metastasis. (a–c) Show MRI images of a 
mixed lesion involving the posterior elements and sur-

rounding soft tissue, causing vertebral body subluxation 
as well as spinal cord compression. Posterior approach 
through a midline posterior incision was performed. 
Spinal cord decompression was performed (d) C7-T6 
stabilization
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Table 16.7 Indications and contraindications of vertebroplasty and kyphoplasty

Indications Contraindications Complications
Ideal for thoracic single-level lesions 
where only anterior elements are 
affected and the posterior or lateral 
elements are not affected

Multiple lesions Pain or hematoma at 
needle-entry site

Ideal for compression pathological 
fractures with less than 1/3 compression

Not available in all levels of spine 
(lumbar, cervical)

Pedicle fracture

Less than 50% spinal canal compromise Metastases with close proximity to 
important neurovascular structures

Infection

Combined with radiosurgery as primary 
treatment for metastatic vertebra 
collapse

Ineffective in cases with insufficient 
vertebral cortex or severely comminuted 
vertebral bodies

Spinal nerve or spinal cord 
injury

Treatment of choice in cases of multiple 
myeloma patients where the bone 
quality is not good enough to hold an 
instrumentation or vertebra 
hemangiomas

More complex patterns with instability 
and deformity, such as vertebral fractures 
with posterior elements involvement 
(higher risk of cement extravasation)

Cement leakage and 
migration (into the spinal 
canal, venous system – 
pulmonary, cardiac 
embolism)

Cases where open surgery is not 
indicated: less operation time than open 
surgery

Extended spinal cord compression 
(>50%)

Kyphoplasty needs general 
anesthesia

Vertebroplasty can be performed under 
sedation or local anesthesia for patients 
who cannot undertake general 
anesthesia

Complete or greater than 70% vertebral 
collapse (difficult for vertebral access)

–

Axial spine pain Sclerotic lesions/solid tumors –
– Failure of former therapies –
– Lack of orthopedic and neurosurgical 

support
–

a b c

d

Fig. 16.4 Case 3: female 47-year-old patient with breast 
Ca presents with severe back and left leg pain worse with 
standing. She is unable to ambulate. MRI and CT reveal a 

L4 pathologic VCF with spinal canal compromise and 
both L4 nerve root compression (a–d). SINS: 13
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below the first and the last vertebra involved is a 
safe and common practice [113].

Posterior instrumentation provides rigid sup-
port and allows for correction of any kyphosis or 
deformity [5]. Various rod systems can be used 
to increase the rigidity of the construct (see Case 
4, Figs. 16.6 and 16.7) [57]. The correct location 
of pedicle screws can be effectively assessed by 
X-ray or CT. Laboratory, cadaveric, and clinical 
studies have enlightened the correct technique 
and appropriate instrument selection at each 
case, although, detailed interpretation is beyond 
the objective of this chapter [117].

Depending on the spinal level and the local 
anatomy, devastating complications can occur, 
as presented in Table  16.8. Open surgeries are 
associated with complications related to patient 
comorbidities and surgery itself. In general, 
 posterior approaches in the thoracic and lumbar 
spines are associated with less complications 
than anterior approaches as they do not include 
manipulation of intrathoracic or intraabdominal 

organs. Patients are living longer with a greater 
burden of systemic disease, so the morbidity of 
operative intervention should be taken into con-
sideration so that the most durable reconstruction 
is performed [98].

 New Techniques for Stabilization: 
Fenestrated Pedicle Screws

The inferior bone quality along with the need for 
more solid instrumentation led to the introduc-
tion of fenestrated pedicle screws (FPSs) [118]. 
Initially, FPSs were used for osteoporotic bone 
[118–120]. The design of these new screws 
allows for insertion of bone cement deep into 
the vertebral body through the cannulated core 
of the screws [118, 121, 122]. FPSs have holes 
along the shaft of the screw allowing cement 
injection into the vertebra to prevent loosening 
at the screw-bone interface. Cement-augmented 
FPSs have greater pullout strength than other 

a

b e

c d

Fig. 16.5 Case 3 (continued): Minimally invasive anterolateral, retroperitoneal approach. Lateral position (a, b). 
Lateral vertebral body plate-screw system extending from L3 to L5 along with cage stabilization as presented at c–e
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screws (50–250% in osteoporotic bone) and pro-
vide more structural stability in patients with 
inferior bone quality, such as patients with can-
cer, osteopenia, revision cases, or VCFs where 
anatomic integrity of the spine, vertebral body, 
or pedicle may be suboptimal [125]. Using this 
technology, shorter constructs may be performed, 
and fusion levels may be reduced; furthermore, 
there is a lower degree of instrumentation fail-
ure following cement augmentation [109, 120, 
123]. In cases of multilevel instrumentation, 
it is advisable to use cement-secured screws at 
both the cranial and caudal ends of the construct, 
intentionally skipping the intermediate levels 
to reduce cement toxicity [109, 120]. Although 
the volume of cement injected into the vertebral 
body is more targeted than during cement aug-
mentation, cement extravasation is also present 
during this type of instrumentation in up to 39% 

[109]. Additionally, the indications for when to 
use cement-augmented screws are unclear; their 
use depends on the surgeon’s preference and 
 judgment since the long-term efficacy of this 
application has yet to be clarified.

 Minimally Invasive Surgery 
Approaches

For cancer patients, minimally invasive surgery 
(MIS) may be an option (Case 5, Figs. 16.8 and 
16.9) [124–138]. Although high-level evidence 
comparing MIS to conventional open surgery 
does not exist, MIS may have certain advantages 
such as reduced operative times, less intraopera-
tive blood loss, less postoperative complications, 
and a quicker time to postoperative radiation 
[131, 139–148].

a b c

Fig. 16.6 Case 4: 49-year-old patient with a PMH of 
nephrectomy due to RCC presents with 3-month history 
of severe back pain and is unable to stand or ambulate. 
Muscle strength at both legs 5/5. MRI reveals a T10 VCF 

with cord compression (a, b). External 30Gy conventional 
radiotherapy was given with no pain relief and severe skin 
irritation (c), SINS: 12
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a

b

c d

Fig. 16.7 Case 4 (continued): preoperative tumor arterial 
embolization was performed to reduce intraoperative 
bleeding (a, b). Posterior approach through midline inci-

sion. T10 vertebrectomy was performed with anterior col-
umn reconstruction using expandable cage and posterior 
column support with a T8-T12 double-rod construct (c, d)

Table 16.8 Reported surgical complications at pathological VCFs’ surgery

Spine level Approach Complications (at specific levels)
C0-C2 Anterior [standard anterior, 

anterolateral (lateral extrapharyngeal 
with/without mandibular osteotomy), 
transoral, extrapharyngeal]

Dysphagia, esophageal injury
Palatal dysfunction
Retropharyngeal hematoma
Increased risk of postoperative infections
Pharyngeal wound failure/break
Lower cranial neuropathies

Posterior
or
Posterolateral

Atlantoaxial screw dislocation, rod break, implant failure, 
pseudarthrosis
Pedicle fracture
Adjacent segment degeneration
VA injury from muscle dissection or screw placement
Subdural hematoma from screws placed in the occipital 
bone
Dizziness, chronic headache
Increased tone of paraspinal and neck muscles

C3-C6 Anterior (transverse cervical incision) RLN and SLN palsy
Internal sensory branch of SLN injury: cough reflex 
impairment, swallowing problems, vocal cord paralysis
Hypoglossal nerve injury

Posterior, posterolateral Analyzed below at general complications
Combined (anterior/posterior) Combination of anterior posterior

(continued)
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Table 16.8 (continued)

Spine level Approach Complications (at specific levels)
C7-T2 Anterior [transthoracic (trap-door, 

manubrial osteotomy, trans-upper-
sternal, sternotomy), low cervical, 
standard anterolateral cervical (with/
without extension), Smith- Robinson 
approach with/without manubriotomy

Unilateral RLN injury (mild dysphagia and dysphonia with 
vocal cord palsy), bilateral RLN injury (bilateral vocal 
cord paralysis)
Dysphagia
Dysphonia
Horner syndrome
Respiratory muscles function impairment
Myoskeletal stability impairment, weakness, deformity
Mediastinitis
Large vessel injury

Posterior/posterolateral 
(Costotransversectomy, lateral 
thoracotomy, posterolateral 
thoracotomy lateral extracavitary)

(Analyzed below at general complications)

T3-L5 Anterior/anterolateral [standard open 
or mini-open anterior approach, 
thoracic endoscopy, transpleural 
approach combined with a 
diaphragmatic split (at or proximal to 
L1), mini-open extraperitoneal 
approach (lesions of L2 or below)]

Aorta rupture – Hemothorax
Retroperitoneal hematoma
Progressive kyphosis
Transient intercostal neuralgia
Postoperative atelectasis, pneumothorax, and pleural 
effusion
Pleural exudate

Posterior [transcavitary, 
transpedicular, or a lateral 
extracavitary, retroperitoneal, MIS 
percutaneous SRSI with VAT, 
percutaneous transpedicular coblation 
corpectomy with closed fracture 
reduction or cavity-coblation 
combined with VAT

(Analyzed below at general complications)

General 
complications

Hardware dislocation, misplaced screw/hook
Fever, bacteremia, meningitis, pneumonia, urinary tract infection
Deep vein thrombosis, pulmonary embolism, fat embolisms, hypoxia
Myocardial infraction, stroke
Wound dehiscence, deep or superficial infection, wound seroma
Retroperitoneal hemorrhage
Acute epidural hematoma, bleeding ulcer
Cement emboli
Dural tear, SCF leakage
Pseudomeningocele
Adjacent vertebral bodies subluxations
Tumor recurrence
Death

Data on the table refer to the reported techniques used for VCF cases only. RLN and SLN: recurrent laryngeal nerve and 
superior laryngeal nerve

 Conclusion and Expert Opinion

The operative management of pathologic fractures 
requires careful planning and consideration of 
the oncologic as well as spine-specific treatment 
goals. Scoring systems such as SINS and NOMS 
are helpful decision-making tools when caring for 
these challenging patients. Advances in oncology 

improve our ability to treat these patients, help 
prolong life expectancy, and improve patients’ 
quality of life [104, 105, 136, 149, 150].

Patients with metastatic spinal disease and 
VCF are high-risk patients. They have limited 
recovery potential and have many comorbidities; 
they are frequently malnourished and decondi-
tioned. Treatment outcome is largely determined 
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a c

b

Fig. 16.8 Case 5: patient with PMH of RCC presents 
with L2 VCF (a). Patient complained about mechanical 
pain mainly at standing position. (b). Axial pre-operative 
CT demonstrates a lytic lesion within the left posterior 

vertebral body wall extending into the left pedicle. A pos-
terior approach with MIS technique was performed, with 
computer- assisted navigation (c)

a b

c d

Fig. 16.9 Case 5 (continued): T12-L4 fusion (a and 16.9c). Tumor resection and neural decompression were per-
formed (b). For maximum screw strength, percutaneous cement-augmented fenestrated pedicle screws were used (d)
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by their disease status, and the spine surgeon’s 
role in their overall care is quite small. However, 
the morbidity of surgical intervention may affect 
patient survival in a negative way if  complications 
are not well tolerated and may lead to a decline 
in function.

Ultimately, spine surgery should be tailored 
to the individual; there are multiple options for 
decompression and stabilization. Oftentimes, the 
best option is to perform the surgery that the sur-
geon is most comfortable with, taking into consid-
eration the regional anatomical nuances and the 
patient’s expectations for recovery. As interven-
tions become less invasive, the timing and thresh-
old for intervention may also change [151, 152].

In conclusion, surgical decision-making 
should be done carefully, as the surgical treat-
ment of pathological compression fractures is 
only one component of the multidisciplinary and 
multimodal management of spine metastases.
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 Evaluation

 Introduction

Recent improvements in surgical technique and 
instrumentation have enabled surgeons to address 
adult spinal deformity and other degenerative 
spine conditions in increasingly high-risk popu-
lations, including the elderly, frail, and osteopo-
rotic patients [1–3]. A number of reports show 
consistent and durable correction of sagittal spi-
nal alignment through the use of rigid fusion con-
structs; however, increased construct rigidity is 
often associated with greater mechanical stress, 
facet loading, and motion in adjacent segments 
[4–6]. Increased biomechanical load in segments 
adjacent to previous fusions can result in struc-
tural failure, often times manifesting in the form 
of vertebral body fracture or proximal junctional 
fracture. For elderly patients and patients with 
osteoporosis, proximal junctional fracture is of 
particular concern, since it may lead to severe 
pain, exacerbation of spinal deformity, mechani-
cal instability, neurologic compromise, and an 

increased risk of reoperation. Given the grow-
ing population of patients eligible for spine sur-
gery and the rising prevalence of osteoporosis in 
patients undergoing instrumented spinal fusion, 
a thorough understanding of the diagnosis and 
management of osteoporotic vertebral compres-
sion fracture (VCF) adjacent to previous spinal 
fusions is increasingly pertinent [7].

 Mechanisms of Proximal Junctional 
Fracture

 (a) Biomechanical

While the pathogenesis of VCF adjacent to a 
previous fusion has not been explicitly investi-
gated in osteoporotic patient populations, a num-
ber of studies have explored the mechanisms of 
proximal junctional fracture in elderly patients 
with a history of multilevel thoracolumbar fusion. 
A common theme linking these mechanistic anal-
yses of VCF appears to be a disparity between 
compressive forces on the anterior column and 
tensile forces in the posterior column [8, 9].

In a case series of 12 patients who underwent 
surgery between 2008 and 2015 for degenera-
tive spine pathologies, Faundez et  al. identified 
6 cases of proximal junctional fracture [9]. In 
this series of patients, a key driver of vertebral 
failure appeared to be abnormal postoperative 
curve harmony, as assessed by increased upper 
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lumbar  lordosis (as defined by the lordosis above 
the lumbar apex) and decreased lower lumbar 
lordosis (lordosis below the lumbar apex). While 
all patients in this case series showed successful 
restoration of global lumbar lordosis (L1-S1), the 
researchers hypothesized that failure to restore lor-
dosis below the lumbar apex drove anterior sagit-
tal compensation, in turn causing junctional failure 
and subsequent proximal junctional collapse.

 (b) Cellular level: changes in bone mineral den-
sity in adjacent segments following surgery.

Bogdanffy et  al. evaluated changes in bone 
mineral density in adjacent segments after L4-S1 
instrumented fusion [10]. There were significant 
decreases in bone mineral density above fused 
segments, perhaps due to immobilization or 
altered mechanics associated with fusion. These 
changes persisted through 6 months of follow-up. 
Furthermore, it was found that trabecular bone 
is more susceptible than cortical bone, due to 
higher metabolic activity. Succinctly, long lum-
bar instrumented fusions can lead to loss of bone 
mineral density; when segments adjacent to the 
fusion are rigid, the environment is ripe for com-
pression fractures.

 Risk Factors for VCF

DeWald et  al. assessed the effect on outcomes 
of long fusion constructs in patients with osteo-
porosis [11]. Forty seven patients over 65 years 
underwent a minimum five-level fusion. Two 
developed early postoperative compression frac-
tures adjacent to the construct, and one developed 
a late VCF adjacent to the fusion. These results 
suggest that long fusions, especially those in the 
lumbar spine extending into the lower thoracic 
spine, place osteoporotic patients at higher risk 
of VCF.

Etebar et al. conducted a retrospective analy-
sis of 125 fusion patients from a single surgeon 
[12]. Of the 125 women, 31 were postmeno-
pausal. Eighteen patients developed adjacent 
segment disease (ASD), 15 of whom were post-
menopausal women. VCF was responsible for 

28% of the ASD cases in this series. The authors 
concluded that the risk for post-fusion VCF/ASD 
in general is higher in postmenopausal women.

 Medical Management

Management of osteoporotic VCF adjacent to 
a prior spinal fusion (VCF-ASF) is a result of 
many different processes, frequently requir-
ing a multidisciplinary approach to manage-
ment of these injuries. Typically, the primary 
complaint of patients after sustaining a VCF is 
pain. The degree of pain and resultant disability 
is frequently worse in patients with a kyphotic 
deformity associated with vertebral height loss, 
compensatory lumbar hyperlordosis, postural 
change, and sagittal imbalance. In those without 
significant deformity, disability, or neurologic 
compromise, pharmacological pain management 
and rehabilitation are the mainstays of care.

Traditional pain medications including acet-
aminophen, nonsteroidal anti-inflammatories, 
and opiates are commonly used for treating 
acute pain in this setting. While not tradition-
ally indicated for the treatment of VCF, anticon-
vulsants, antidepressants, and muscle relaxant 
medication may provide therapeutic benefits 
in carefully selected patients. Anticonvulsants 
such as gabapentin and pregabalin are primar-
ily used in treatment of radiating nerve pain and 
require increasing dosage over several weeks 
to achieve clinical efficacy. In cases where 
patients have persistent localizable nerve irrita-
tion, these medications may be a useful adjunct 
[13]. Cyclobenzaprine, a nonaddictive muscle 
relaxant, has been shown to improve sleep and 
reduce chronic back pain in a number of studies. 
Its use may be considered in VCF patients with 
combined unremitting back pain and insom-
nia. Despite an unfavorable side-effect profile, 
tricyclic antidepressants such as amitriptyline 
may provide pain relief in patients with chronic 
back pain and should be considered as a third-
line agent [14]. There is no literature to support 
the use of oral steroids in this group of patients, 
and prolonged steroid use may worsen out-
comes [15].
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There are no rigorous studies regarding brac-
ing for the treatment of pain in patients with 
VCF-ASF; in our clinical experience, bracing in 
this subset of patients offers no substantial ben-
efit. As an early adjunct to oral pain medication, 
short-term bed rest, physical therapy, and brac-
ing may provide comfort, but prolonged use may 
lead to muscle atrophy and should be avoided.

Despite evidence that VCF-ASF patients on 
average have a higher BMD than VCF patients 
with no prior spine surgery, McAfee’s work 
demonstrating that spinal rigidity can lead to 
osteoporosis in adjacent vertebrae supports the 
idea that addressing bone density is imperative 
for medical management and is a necessity prior 
to surgical intervention [16, 17]. Treating osteo-
porosis involves medication and rehabilitation 
to either stop bone loss, enhance bone mass, or 
both. Anti- resorptive agents help to stem bone 
loss and include bisphosphonates, selective estro-
gen receptor modulators (SERM), RANK ligand 
inhibitors, and calcitonin. Anabolic agents such 
as teriparatide and abaloparatide are increasing 
in popularity for VCF prophylaxis. Addressing 
osteoporosis may help reduce recurrent VCF, 
thereby reducing pain and the subsequent need 
for revision surgery.

Frailty, defined as an increased susceptibility 
to injury, should be addressed in all patients with 
regular exercise and nutrition. While calcium and 
vitamin D are important regulators of bone for-
mation, many patients do not receive adequate 
amounts in their diet. Supplementation to ensure 
1200 mg of calcium and 1000 IU of vitamin D 
intake daily from all sources is recommended.

Bisphosphonates act as inhibitors of the HMG-
CoA reductase pathway and have been used to 
prevent osteoporosis for over 40  years. They 
diminish osteoclast activity resulting in dimin-
ished bone resorption. These drugs are approved 
for the prevention and treatment of osteoporosis 
with intermittent administration and can reduce 
VCFs by up to 70% [18].

Studies have shown that teriparatide, a recom-
binant human parathyroid hormone, improves 
bone quality and density while preventing proxi-
mal junctional kyphosis and reducing screw 
pullout after posterior spinal fusion in osteopo-

rotic patients [19, 20]. Furthermore, teripara-
tide has been useful in treating back pain after 
osteoporotic vertebral compression fractures 
(OVCF) [21]. In a randomized double-blind 
study by Hadji et al., teriparatide was compared 
to risedronate for the treatment of patients with 
OVCF. After 6 months of treatment, roughly 60% 
of patients in both groups had more than a 30% 
reduction in back pain. Those who were treated 
with teriparatide had significantly fewer vertebral 
compression fractures and increased BMD in 
the lumbar spine and femoral neck compared to 
those who received risedronate. Since numerous 
studies have shown the superiority of teriparatide 
over bisphosphonates in the treatment and pre-
vention of VCF, serious consideration should be 
given to starting this medication when poor bone 
density is discovered [22–24].

The available literature regarding the man-
agement of vertebral compression fractures does 
not differentiate between isolated fractures and 
those associated with spinal fusion. The goals 
of medical management include diagnosis, pain 
control, functional optimization, and the pre-
vention of future fractures [25]. According to 
the World Health Organization, a T-score below 
−2.5 is diagnostic for osteoporosis; however, 
in the absence of trauma, a vertebral compres-
sion fracture is pathognomonic for osteoporosis 
regardless of the T-score [26]. Patients with a 
T-score between −1 and −2.5 have osteopenia, 
and should also be started on preventive medica-
tions, as will be discussed further.

Pain control following vertebral compression 
fractures allows for early mobilization, which 
helps to prevent bone loss, pressure ulcers, and 
deep vein thromboses [1]. NSAIDs or Tylenol are 
usually the mainstay of treatment [27]. NSAIDs 
have been suggested to inhibit bone healing, but 
this has not been shown in clinical studies [28]. 
Gastrointestinal bleeding and ulcers are poten-
tial side effects of NSAIDs and should be used 
cautiously, particularly in the elderly population. 
Opioids may also be used in the acute setting. 
These medications are generally well-tolerated 
when used appropriately, but side effects include 
decreased gastrointestinal motility, urinary 
retention, and decreased respiratory drive [29]. 
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Muscle relaxants are most effective in prevent-
ing paravertebral muscle spasms within the first 
2 weeks of injury; however, they are associated 
with drowsiness and dizziness [30]. Despite their 
widespread use in the acute setting, the AAOS 
reports that there is a lack of adequate data for 
the use of complementary medicine, opioids, and 
other analgesics and thus designates an “incon-
clusive recommendation” for these treatment 
options [28]. On the other hand, the AAOS gives 
a recommendation of moderate strength to cal-
citonin, a PTH antagonist [31]. When started 
within 5 days of injury and continued for a total 
of 4 weeks, calcitonin has been shown to decrease 
pain. Perhaps more impressive, it has been shown 
to decrease pain even 3 months from the time of 
the initial injury.

Physical therapy is an important means of pro-
moting early mobilization following compression 
fractures. Its main purposes are to strengthen the 
patient’s axial musculature and to improve his/
her proprioception to help decrease the risk of 
future falls [32]. For example, strengthening the 
erector spinae muscles improves posture and 
lumbar lordosis, thus addressing some back pain 
and kyphosis often associated with vertebral com-
pression fractures [29]. The Spinal Proprioception 
Extension Exercise Dynamic (SPEED) program is 
an example of a 4-week exercise regimen that has 
been shown to improve back pain, reduce the risk 
of fall, and increase the overall level of physical 
activity of patients. [30] Most importantly, physi-
cal therapy should be performed in an observed 
setting by qualified professionals to maximize its 
benefits and ensure safety.

There is a paucity of literature regarding the 
effectiveness of bracing for vertebral compres-
sion fractures. Some studies have shown that 
while spinal orthoses may improve posture and 
promote pain relief, they may also cause mus-
cular atrophy and skin breakdown when used 
improperly [25]. When utilized, braces should 
ideally be lightweight and easy to apply, espe-
cially for elderly patients [27]. Because of the 
heterogenous conclusions in the literature, the 
AAOS gives an “inconclusive recommendation” 
for bracing in patients with vertebral compres-
sion fractures [28].

The prevention of further fractures is a pri-
mary objective of medical management for 
vertebral compression injuries. Ibandronate, a 
nitrogen-containing bisphosphonate, has been 
shown to significantly decrease new symptomatic 
fractures 3 years from the initial injury, without 
notable adverse effects [28]. Strontium ranelate 
also helps prevent vertebral compression frac-
tures by increasing bone formation and density, 
while reducing bone resorption [31]. Aside from 
medications, activity modifications also help pro-
mote bone health and, thus, help to prevent com-
pression fractures. Smoking cessation is highly 
recommended, as smoking accelerates bone 
loss.i Lastly, targeted exercise therapy improves 
patients’ overall bone health and proprioception 
skills, thus decreasing the risk of falls and conse-
quent compression fractures [30].

 Surgical Management

As management of patients with osteoporosis 
and adjacent segment VCF is often wrought with 
complications, literature is scant regarding the 
surgical management of this subgroup. The three 
main surgical options are vertebroplasty, kypho-
plasty, and/or extension of the fusion construct to 
include the level of injury and correct deformity. 
Unfortunately, after maximizing medical man-
agement, many of these patients will continue 
to have significant back pain. Pain and moderate 
degrees of deformity may be addressed through 
minimally invasive surgical procedure such as 
kyphoplasty or vertebroplasty.

A case-control study by Ahn and Lee suggests 
that treatment of a VCF-ASF with vertebroplasty 
has similar results to those treated for VCF with-
out prior spinal surgery [16]. They compared the 
results of nine patients who underwent verte-
broplasty with PMMA cement for VCF-ASF to 
control VCF patients and found that those with 
VCF-ASF had a reduction in their visual analog 
score (VAS) from 8.1 to 3.2 and a satisfaction rate 
of 88.9%, both of which were not  significantly 
different than the control group. There were no 
complications after vertebroplasty in the VCF-
ASF group [33]. A case series by Wu et al. dem-
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onstrated an improvement of up to 70% in the 
kyphotic angle of adjacent segment VCF when 
treated with vertebroplasty [34].

In the case of significant kyphotic defor-
mity, traumatic unstable fracture, or neurologi-
cal compromise revision surgery, extending the 
fusion may be necessary. The literature discuss-
ing the management of VCF-ASF in this situ-
ation is limited to case reports, and there is no 
consensus on best practice [35–37]. Despite 
this, it is important to recognize that outcomes 
are at least in part related to the degree of sag-
ittal imbalance. Deformity correction should 
address sagittal alignment through the judicious 
use of osteotomies as with primary adult spinal 
deformity.

Technical pearls for managing these fractures 
can be gleaned from the literature on kypho-
sis management in the non-fractured patient. 
Much controversy exists regarding single versus 
multiple stage correction for kyphotic VCF.  In 
a retrospective study with 184 patients under-
going vertebral column resection, Gum et  al. 
demonstrated no difference in complications 
associated with multistaged versus single-staged 
procedure; however other studies have demon-
strated increased complications following staged 
procedures [38]. A retrospective analysis of ten 
patients with kyphotic VCF showed a reduction 
of pain and minimal complications at long-term 
follow- up after treatment with single-staged pos-
terolateral vertebrectomy [39]. Some authors 
prefer a multistaged approached as it allows for 
cement augmentation prior to screw placement 
[40]. While the goal of cement augmentation is 
to increase the pullout strength of the construct, 
evidence is lacking [41]. Lastly, when perform-
ing a three-column osteotomy, outcomes have 
been shown to be superior with the use of a 3- 
and 4-rod constructs versus 2-rod constructs with 
respect to rod breakage and the need for revision 
for pseudoarthrosis [42].

In the setting of VCF-ASF, surgical interven-
tion should also aim to address the modulus mis-
match between the mobile and immobile spinal 
segments in addition to addressing the pain and 
deformity. In long fusions, prophylactic kypho-
plasty or vertebroplasty of the level above the 

upper instrumented vertebra may prevent the 
formation of a new VCF in vulnerable patients 
[43, 44].

 Considerations

Advances in surgical technique and instrumenta-
tion have enabled surgeons to treat symptomatic 
adult spinal deformity in high-risk populations 
such as elderly and osteoporotic patients that 
previously had more limited treatment options 
[45]. Unfortunately, in doing so, it has unveiled 
additional complications including adjacent seg-
ment disease. The rigid instrumentation which 
facilitates the correction and maintenance of spi-
nal alignment brings with it increased loading in 
adjacent segments, which can lead to adjacent 
level pathology and mechanical. In osteoporotic 
patients, diminished bone quality in the vertebral 
bodies proximal to a fusion subjects the vertebrae 
to increased loads which can lead to OVCF.

Management of OVCF requires a multi-
disciplinary approach and involves preopera-
tive and postoperative interventions to address 
the underlying osteoporosis, pain, and frailty. 
Pharmacologic treatments of the osteoporosis 
and pain are the mainstays of treatment. Physical 
therapy is also an effective treatment with the goal 
of strengthening axial musculature to improve 
posture and lumbar lordosis as well as improving 
proprioception and decreasing fall risk. There is 
also evidence to support the efficacy of physical 
therapy in treating pain and increasing the over-
all activity of OVCF patients. In circumstances 
where the osteoporotic adjacent segment frac-
ture manifests with significant structural failure, 
deformity, and clinical symptoms such as neu-
rologic compromise, additional surgical inter-
vention is warranted. Surgical options include 
minimally invasive techniques like kyphoplasty 
or vertebroplasty when the pain and deformity 
are moderate. In more severe cases, revision sur-
gery with proximal extension of the instrumenta-
tion and fusion may be necessary, along with the 
cautious and judicious use of  osteotomies when 
kyphotic deformity is present, since osteotomies 
in patients with osteoporosis have been shown 
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to have significant complications [46]. The high 
complication rate of this revision surgery has 
led to extensive debate over multiple technical 
aspects of the procedure including whether to 
perform the correction in a single vs. multistaged 
fashion and the use of prophylactic vertebral 
cement augmentation of the proximal unfused 
vertebrae to prevent recurrent VCF. The literature 
concerning these points of contention is sparse, 
and further research is required to form definitive 
guidelines for the surgical treatment of OVCF 
leading to PJF.

Adjacent segment disease is a major cause of 
complication in spinal deformity surgery and is 
especially relevant in the osteoporotic popula-
tion. OVCF in segments adjacent to previous 
spinal fusion exist on a spectrum with symptoms 
ranging from asymptomatic, benign PJK on one 
end to severe PJF on the other. As the population 
continues to age, further research will be required 
to better understand and improve the prevention 
and management of this condition.
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Surgical Strategies  
in Osteoporotic Bone

Joseph M. Zavatsky and Robert A. McGuire Jr

 Background

The US population is expected to grow by 9.5% 
between 2013 and 2025 based on data from the 
US Census Bureau, with the population age 65 
and older projected to grow nearly 45% [1]. By 
2050 the US population age 65 and older is pro-
jected to reach 89 million – more than double the 
40.5 million elderly people in 2010 [2, 3]. The 
prevalence of adult scoliosis in the general popu-
lation has been reported to be as high as 32% 
[4–7] and as high as 68% in the older population 
[8]. Using the current prevalence estimates, there 
are approximately 27.5 million elderly people 
with one form or another of spinal deformity, and 
with this high growth rate, the number of adults 
with spinal deformity would reach more than 60 
million by 2050. Increasing age correlates with 
decreasing bone mineral density (BMD). 
Osteoporosis presents a unique challenge to sur-
geons attempting to instrument and fuse the 
spine, particularly in patients with the goal of sur-
gery being to correct an already complex spinal 
deformity problem.

Generally, the surgical management of 
patients with adult spinal deformity (ASD) is 
considered for patients who have progressive 
deformity, neurologic compromise, and unrelent-
ing pain. Patients usually present with pain and 
functional limitations that are not responsive to 
medical and interventional pain modalities 
including physical therapy, yoga, medications, 
and epidural steroid injections. The decision to 
pursue surgical treatment in patients with ASD is 
largely a factor of baseline disability. Once a 
patient is indicated for surgery, routine preopera-
tive radiological imaging often includes standing 
full-length scoliosis AP and lateral X-rays, MRI, 
CT scan, and DEXA scan. Most insurance com-
panies limit repeat DEXA scans to every 2 years; 
DEXA scans that are not up-to-date may overes-
timate a patient’s current bone mineral density. 
Additionally, variations in the techniques used to 
obtain DEXA scans can affect the true T-score; 
T-scores obtained from a deformed spine may be 
artificially elevated.

 DEXA (T-Score) Vs. Spinal Computed 
Tomography (Hounsfield Unit (HU))

Because bone mineral density (BMD) measure-
ments at various sites differ in the relative 
amounts of cortical and trabecular bone that they 
assess, they also differ in their sensitivity for 
detecting osteopenia. Lateral spine dual-energy 
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X-ray absorptiometry (DEXA) allows measure-
ment of BMD of the vertebral bodies, which 
 contain mainly trabecular bone. Typically, there 
is no contribution from the posterior vertebral 
elements, which consist of dense cortical bone 
(Fig. 18.1). Finkelstein et al. assessed the ability 
of DEXA to estimate trabecular bone mass and 
compared AP and lateral DEXA spine measure-
ments with trabecular bone measurements by 
quantitative computed tomography (QCT) in 58 
patients [9]. They compared AP vs. lateral spine 
DEXA measurements in three groups. Group 1 
consisted of 300 women referred for routine bone 
densitometry, Group 2 contained 30 
glucocorticoid- treated women, and Group 3 was 
made up of 44 women with vertebral compres-
sion fractures. The association between QCT and 
DXA measurements was stronger when DEXA 
measurements were made in the lateral (r = 0.784) 
or mid-lateral (r = 0.823) projection than in the 
AP (r = 0.571) projection. Additionally, the asso-
ciation of BMD with age was stronger when 
DEXA measurements were made in the lateral 
(r = 0.536) or mid-lateral (r = 0.536) projection 
than in the AP (r = 0.382) projection. The declines 
in BMD with age for AP, lateral, and mid-lateral 
DEXA measurements were 0.48%, 0.60%, and 
0.88% per year, respectively. In the women 
referred for routine densitometry, lateral DEXA 

measurements were significantly (P <0.05) more 
abnormal than AP measurements obtained from 
young women. This was also true in the women 
treated with glucocorticoids and in women with 
vertebral compression fractures. Lateral DEXA 
often detected osteopenia in patients whose AP 
DEXA was normal. The authors concluded that 
lateral DEXA measurements identify patients 
with osteopenia more often than AP DEXA mea-
surements, probably because lateral DEXA more 
accurately estimates trabecular bone mass 
(Fig. 18.1).

Insurance companies often limit how fre-
quently a repeat DEXA scan can be performed. 
Additionally, there are inconsistencies in the 
T-scores depending upon the technique used (lat-
eral vs. AP) to obtain the DEXA scan. Since 
many surgeons obtain a CT scan of the spine as 
part of the normal preoperative workup, the diag-
nostic efficacy of the Hounsfield unit (HU) in 
spine CT scans may provide a better alternative 
to the T-score obtained with DEXA scans; how-
ever this was refuted by Kohan et al. [10].

The dual-energy X-ray absorptiometry 
(DEXA) scan is an easy and cost-effective 
method of assessing bone mineral density 
(BMD). However, in patients with degenerative 
changes of the spine, overestimation of the 
T-score on DEXA scan can occur despite low 
BMD during pedicle screw placement in spine 
surgery. Choi assessed BMD using Hounsfield 
units (HU) from computed tomography (CT) and 
correlated these measurements with DEXA 
T-scores in patients with nondegenerative and 
degenerative spines [11]. This study included 80 
nondegenerative and 30 degenerative patients 
who underwent DEXA and spine CT assessment. 
The HU value on the midbody axial images of 
CT and DEXA T-scores was measured from the 
L1–L4 vertebrae. In the nondegenerative group, 
HU values had a strong positive correlation with 
BMD and T-score, exhibiting correlation coeffi-
cients (r) greater than 0.7. BMD assessed as +100 
HU matched a T-score of −2.0, while +150 
matched a T-score of −1.0, and  +  200 HU 
matched T-scores of 0.0; these differences were 
significant (P <0.001). In the degenerative group, 
there was a weak positive correlation with an r of 

Fig. 18.1 Coronal and sagittal CT scan of adult scoliosis 
revealing sclerosis of a lumbar facet joints. AP DEXA 
scan would be falsely elevated due to the sclerosed facet 
joints comprised of primarily cortical bone
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approximately 0.4. The authors concluded that 
the HU values provide a meaningful assessment 
of BMD and have a strong correlation with 
T-score. However, in degenerative patients, the 
DEXA T-score tended to be higher than the actual 
BMD.  BMD assessment using HU might be 
helpful in predicting real BMD in patients under-
going instrumented spinal surgery with degener-
ative changes of the spine. Accurate BMD 
assessment is even more critical in elderly 
patients who are undergoing large deformity cor-
rection surgery, as these patient’s spines are often 
increasingly degenerated (Fig.  18.1) and BMD 
can be falsely elevated.

 Bisphosphonates Vs. Teriparatide

Patients identified with low BMD should be con-
sidered for treatment for their low BMD prior to 
any instrumented spinal surgery to decrease the 
risk of hardware loosening or failure. Low BMD 
may be defined as having a lateral DEXA T-score 
of −1.0 to −2.5 or a spinal CT scan HU measure-
ment of +150 to +90 (osteopenia) or a T-score of 
−2.5 or lower or HU measurement less than +90 
(osteoporosis). Two of the most common medical 
treatments for osteoporosis are bisphosphonates 
and teriparatide.

Bisphosphonates are primary agents in the 
current pharmacological arsenal against 
osteoclast- mediated bone loss due to osteoporo-
sis, Paget disease of the bone, malignancies met-
astatic to the bone, multiple myeloma, and 
hypercalcemia of malignancy. Like their natural 
analogue inorganic pyrophosphate (PPi), 
bisphosphonates have a very high affinity for 
bone mineral because they bind to hydroxyapa-
tite crystals. Accordingly, bisphosphonate skele-
tal retention depends on the availability of 
hydroxyapatite-binding sites. Bisphosphonates 
are preferentially incorporated into sites of active 
bone remodeling, as commonly occurs in condi-
tions characterized by accelerated skeletal turn-
over. In addition to their ability to inhibit 
calcification, bisphosphonates inhibit hydroxy-
apatite breakdown, thereby effectively suppress-
ing bone resorption [12]. This fundamental 

property of bisphosphonates has led to their util-
ity as clinical agents in the treatment of osteopo-
rosis. More recently, it has been suggested that 
bisphosphonates also function to limit both 
osteoblast and osteocyte apoptosis [13, 14].

Teriparatide is a recombinant protein form of 
parathyroid hormone consisting of the first 
(N-terminus) 34 amino acids, which is the bioac-
tive portion of the hormone. It is an effective ana-
bolic (promoting bone formation) agent [15] 
used in the treatment of some forms of osteopo-
rosis [16]. It is also occasionally used off-label to 
speed fracture healing, promote spinal fusion, 
decrease the risk of spinal hardware loosening, 
and reduce the risk of proximal junction kyphosis 
in long instrumented spinal fusions. Teriparatide 
is identical to a portion of human parathyroid 
hormone (PTH), and intermittent use activates 
osteoblasts more than osteoclasts, leading to an 
overall increase in the bone.

There are data comparing the efficacy of 
bisphosphonates versus teriparatide in the treat-
ment of osteoporosis, specifically in the lumbar 
spine, showing improved fusion rates with teripa-
ratide administration, along with its positive 
effects on protecting spinal instrumentation.

Yuan et  al. performed a meta-analysis to 
compare the efficacy of teriparatide and bisphos-
phonates for reducing vertebral fracture risk and 
improving bone mineral density (BMD) in the 
lumbar spine and femoral neck in postmeno-
pausal women with osteoporosis [17]. Only ran-
domized controlled trials that compared 
teriparatide and bisphosphonates for reducing 
vertebral fracture risk in postmenopausal 
women with osteoporosis were included. 
Results demonstrated that compared with 
bisphosphonates, teriparatide was associated 
with a reduction of the vertebral fracture risk 
(risk ratio (RR) = 0.57, 95% confidence interval 
(CI): 0.35, 0.93, P = 0.024). Furthermore, terip-
aratide therapy increased the mean percent 
change in BMD in the lumbar spine at 6 months, 
12 months, and 18 months more than bisphos-
phonates did (P  <0.05), and only teriparatide 
was beneficial at increasing the mean percent 
change in BMD in the femoral neck at 18 months 
(P  <0.05). There was no significant difference 
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between teriparatide and bisphosphonates in 
terms of adverse events.

Ohtori and colleagues published the first study 
examining teriparatide in the context of spinal 
fusion [18] – the study was a prospective trial of 
57 women with osteoporosis undergoing elective 
posterior spinal fusion (PSF) in the setting of 
degenerative spondylolisthesis. The women were 
divided into a teriparatide group and a bisphos-
phonate group prior to undergoing a 1–2 level 
instrumented posterolateral fusion (PSF) with 
local bone graft. Teriparatide was maintained for 
10  months total, starting 2  months before the 
operation. Although pain scores were not differ-
ent between the groups, the teriparatide group 
achieved bony union in 82% of patients versus 
68% in the bisphosphonate group, with union 
achieved an average of 2  months earlier in the 
teriparatide group (P <0.05).

Ohtori followed up their original study and 
investigated the rates of pedicle screw loosening 
in a prospective study of 62 osteoporotic women 
with degenerative spondylolisthesis undergoing 
decompression and 1–2 level instrumented PSF 
[19]. There were three patient cohorts (teripara-
tide, bisphosphonates, and a control group with-
out pharmacologic treatment), and the patients 
were assessed radiographically, clinically, and by 
computed tomography (CT) at 12  months. 
Therapies were started 2 months before surgery 
and maintained for a total of 12 months. The inci-
dence of pedicle screw loosening was 7–13% in 
the teriparatide group, which was significantly 
lower than the bisphosphonate and control 
groups, 13–26% and 15–25%, respectively 
(P <0.05). The authors hypothesized that one of 
the mechanisms in which teriparatide improves 
fusion rates may be by enhancing implant 
fixation.

The impact of teriparatide on spine surgery is 
particularly relevant in the setting of adult spi-
nal deformity surgery, where the prevalence of 
osteoporosis- related complications approaches 
33% [20]. Kaliya-Perumal investigated teripara-
tide use in multilevel PSF for lumbar degenera-
tive pathologies (average 4.5 levels) [21]. The 
retrospective study of 62 patients involved a 
teriparatide group starting daily therapy on 

postoperative day 1 and a control group receiv-
ing no therapy. In total, 66% of teriparatide 
patients showed solid fusion at 1  year versus 
only 50% of controls, but this was not statisti-
cally significant (P = 0.20). However, there was 
a significantly higher rate of radiographic screw 
loosening in the control group (24% vs. 13%; 
P  =  0.001). The improved screw fixation and 
fusion trends with teriparatide seen with one- or 
two-level fusions also seem to apply to multi-
level fusions. Yagi and colleagues investigated 
the impact of teriparatide on proximal junc-
tional kyphosis (PJK) in multilevel fusions for 
osteopenic and osteoporotic adult spinal defor-
mity patients [22]. In their prospective compara-
tive study, patients who started daily teriparatide 
immediately after surgery were compared to 
controls not receiving therapy; patients were 
followed for 2  years. Six months postopera-
tively, the teriparatide group achieved a statisti-
cally significant increase in both BMD and bone 
mineral content of the vertebrae above the con-
struct, as well as an increase in hip BMD as 
compared to the control group (P <0.05). They 
observed increases in both the thickness and 
number of trabeculae in the vertebrae, as well as 
a general improvement in the bone volume-to- 
tissue ratio. Unsurprisingly, the teriparatide 
group had a significantly lower rate of PJK at 
2-year follow-up, 4.6% compared with 15.2% in 
the control group, (P = 0.02).

 Surgical Techniques to Augment 
Spinal Instrumentation

In addition to the medical management of patients 
with osteoporosis undergoing instrumented spi-
nal fusion surgery, there are multiple techniques 
available to the surgeon intraoperatively that can 
be utilized to decrease the rate of instrumentation 
loosening and hardware failure.

Choosing the optimal pedicle screws diameter 
and length can affect stiffness. Brantley and col-
leagues evaluated the effects of pedicle screw 
size, including diameter and length, on fixation 
stiffness in osteoporotic and non-osteoporotic 
vertebrae in vitro [23] using fresh-frozen human 
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spines. Bone mineral densities were determined 
using dual-energy radiograph absorptiometry; 
this was followed by non-destructive mechanical 
testing of the specimens instrumented with pedi-
cle screws using a loading technique that more 
closely mimicked loading of pedicle screws 
in  vivo. The results revealed that in non- 
osteoporotic bone, screw size had a significant 
effect on fixation stiffness, but the effect of pen-
etration depth (length) depended on pedicle fill 
(diameter) and vice versa. In non-osteoporotic 
bone, the use of longer screws increased fixation 
stiffness if the screws filled up the pedicle by 
70% or more. The use of wider screws increased 
the fixation stiffness if the penetration depth was 
80% or more (Fig.  18.2). In the osteoporotic 
specimens, increased fill did not increase stiff-
ness for any length screw. However, increased 
length may have increased the stiffness some-
what, independent of percent fill. The authors 
concluded that the success of posterior stabiliza-
tion of the spine using pedicle screws can be 
enhanced in non-osteoporotic bone by selecting 
the largest clinically acceptable pedicle screw, in 
both length and diameter, but did caution about 
overfilling the pedicle and resultant pedicle frac-
ture. In general, one parameter is not always 
more significant than the other because of their 
noted interdependence. Unfortunately, optimiz-
ing pedicle screw size seems to be less effective 
in osteoporotic bone. In 1994, the authors sug-
gested that additional studies evaluating alterna-

tive instrumentation techniques, including 
inserting pedicle screws at greater angles and 
augmenting screws with bone cement, warranted 
further investigation (see Fig. 18.2).

More recent pedicle screw insertion tech-
niques, including the cortical bone trajectory 
(CBT) technique, have attracted some attention 
recently; some biomechanical studies have dem-
onstrated a superior fixation capacity of screws 
placed using the CBT. In addition to demonstrat-
ing superior fixation strength, CBT screws can be 
inserted using less invasive techniques for lumbar 
instrumentation, thus minimizing soft-tissue dis-
section. However, until recently, there was little 
consensus on the selection of screw size, and no 
biomechanical study elucidated the most suitable 
screw size for CBT.

Matsukawa and colleagues evaluated the 
effect of screw size on fixation strength in an 
attempt to identify the ideal screw size for opti-
mal fixation using CBT [24]. In their study, they 
evaluated a total of 720 CBT screws with various 
diameters (4.5–6.5 mm) and lengths (25–40 mm) 
in simulations of 20 different lumbar vertebrae 
(mean age: 62.1  ±  20.0  years, 8 males and 12 
females) using a finite element (FE) method. 
First, the fixation strength of a single screw was 
evaluated by measuring the axial pullout strength. 
Then, vertebral fixation strength of a paired- 
screw construct was examined by applying forces 
simulating flexion, extension, lateral bending, 
and axial rotation to the vertebra. And lastly, the 
equivalent stress value of the bone-screw inter-
face was calculated. The results demonstrated 
that larger-diameter screws increased the pullout 
strength and vertebral fixation strength and 
decreased the equivalent stress around the screws. 
However, there were no statistically significant 
differences between 5.5 and 6.5 mm screws. The 
screw diameter was a factor more strongly affect-
ing the fixation strength of CBT than the screw fit 
within the pedicle (percent fill). Longer screws 
significantly increased the pullout strength and 
vertebral fixation strength in axial rotation. The 
amount of screw length within the vertebral body 
(percent length) was more important than the 
actual screw length, contributing to the vertebral 
fixation strength and distribution of stress loaded 

A

E

B

D

C
θ°

Fig. 18.2 Pedicle screw diameter should fill up the pedi-
cle 70% or more to increase pullout strength (A/C × 
100≥70%). Pedicle screw penetration depth should be at 
least 80% or greater to increase pullout strength (D/E × 
100≥80%)
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to the vertebra. The authors concluded that the 
fixation strength of CBT screws varied depend-
ing on screw size.

Contrary to previous studies that demonstrated 
that longer screws improved fixation only if the 
screws were inserted deep enough to engage the 
anterior vertebral cortex [25, 26], Matsukawa’s 
study on CBT showed that the effects of both 
diameter and length are equivalent even if the 
screws did not penetrate the anterior cortex. This 
could be theoretically explained by the variations 
in bone density in the vertebral body. Traditional 
trajectory pedicle screws pass through the pedicle 
and are directed toward the central portions of the 
vertebral body with lower density bone. However, 
CBT screws are directed toward the peripheral 
portions of the vertebral body with higher density 
bone (Fig. 18.3). Additionally, CBT screw fixa-
tion relies mainly on the denser cortical bone 
between the pars interarticularis and the inferior 
part of the pedicle. In addition to screw diameter 
and length, BMD was also a predictive factor of 
pullout strength. Among these factors, BMD 
most strongly affected the fixation strength of 
CBT screws, which is consistent with the results 
of previous biomechanical studies [27, 28]. In the 
present study, the equation demonstrated that a 
0.1 g/cm2 decrease in femoral neck BMD corre-
sponded to a 100 N decrease in pullout strength. 
Ultimately, the authors felt that the ideal screw 
size for CBT is a diameter larger than 5.5 mm, 
and length longer than 35  mm, and the screw 
should be placed sufficiently deep into the verte-
bral body (see Fig. 18.3).

Surgeons are faced with persistent challenges 
in spine surgery to improve pedicle screw fixa-
tion in patients with poor bone quality. Additional 

fixation techniques have been described in an 
attempt to augment pedicle screw fixation in the 
face of an osteoporotic spine; augmenting pedi-
cle screws with cement appears to be a promising 
approach. Elder and colleagues performed a sys-
tematic review of the literature to assess the pre-
vious biomechanical studies on pedicle screw 
augmentation with cement augmentation [29]. 
Their review found numerous studies that dem-
onstrated that polymethylmethacrylate (PMMA) 
was an effective material for enhancing pedicle 
screw fixation in both osteoporosis and revision 
spine surgery models. Several other calcium 
ceramics also appeared promising. PMMA deliv-
ery through fenestrated screws appears to have 
some benefits, but pullout strength was similar to 
screw fixation when prefilling the pedicle screw 
pilot hole with cement with a solid screw. There 
were differences found in screw biomechanics 
with varying cement volume and curing time, and 
some benefits from a kyphoplasty approach over 
a vertebroplasty approach were noted. 
Additionally, in cadaveric models, cement- 
augmented pedicle screws were able to be 
removed, albeit at higher extraction torques, 
without catastrophic damage to the vertebral 
body. However, there is a risk of cement extrava-
sation leading to potentially neurological or car-
diovascular complications with cement use.

Burval and colleagues further evaluated pedi-
cle screw pullout strength in osteoporotic bone 
utilizing two specific cement augmentation tech-
niques, a kyphoplasty technique and a standard 
transpedicular prefilling augmentation technique 
[30]. Thirteen osteoporotic and 9 healthy human 
lumbar vertebrae were tested, and all specimens 
were instrumented with pedicle screws using a 

a b

Fig. 18.3 AP and lateral views of the lumbar spine demonstrating traditional pedicle screw tracts (black arrows) and 
cortical bone trajectory tracts (red arrows)
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uniform technique. Osteoporotic pedicles were 
augmented with polymethylmethacrylate 
(PMMA) using either a kyphoplasty-type tech-
nique or a transpedicular prefilling augmentation 
technique (Fig.  18.4). Screws were tested in a 
paired testing array, randomly assigning the aug-
mentation techniques to opposite sides of each 
vertebra. Pullout to failure was performed either 
primarily or after a 5000-cycle tangential fatigue 
conditioning exposure. After testing, following 
screw removal, specimens were cut in the axial 
plane through the center of the vertebral body to 
inspect the cement distribution. The study 
revealed that pedicle screws placed in osteopo-
rotic vertebrae had higher pullout loads when 
augmented with the kyphoplasty technique com-
pared to transpedicular prefill augmentation 
(1414 +/− 338 versus 756 +/− 300  N, respec-
tively; P <0.001). An unpaired t-test showed that 
fatigued pedicle screws in osteoporotic vertebrae 
augmented by kyphoplasty showed higher pull-
out resistance than those placed in healthy con-
trol vertebrae (P = 0.002). Both kyphoplasty type 
augmentation (P = 0.007) and transpedicular pre-
fill augmentation (P  =  0.02) increased pullout 
loads compared to pedicle screws placed in non- 
augmented osteoporotic vertebrae when tested 

after fatigue cycling. The authors highlighted that 
pedicle screws augmented using the kyphoplasty 
technique had significantly greater pullout 
strength than those augmented with a vertebro-
plasty augmentation technique and those placed 
in healthy control vertebrae with no augmenta-
tion (see Fig. 18.4).

Pedicle screw augmentation with PMMA 
cement has been shown to significantly improve 
the fixation strength even in a severely osteo-
porotic spine. Costa and colleagues further 
evaluated the difference in pullout strength 
between five different cement augmentation 
techniques [31]. Uniform synthetic bone 
(Sawbones, Washington, USA) was used to 
simulate severe osteoporosis by providing a 
platform for each augmentation technique; 
polyaxial screws and acrylic cement (PMMA) 
at medium viscosity were used. Five groups 
were analyzed: (I) screw only without PMMA 
(control group), (II) retrograde cement prefill-
ing of the tapped pedicle screw pilot hole, (III) 
cannulated and fenestrated screw with cement 
injection through perforations in the screw, 
(IV) injection using a standard trocar of PMMA 
(vertebroplasty) with retrograde prefilling of 
the tapped pilot hole, and (V) injection through 
a fenestrated trocar and retrograde prefilling of 
the tapped pilot hole (Fig.  18.5). Standard 
X-rays were taken in order to confirm cement 
distribution in each group. A total of 30 pedicle 
screws at full insertion were then tested for 
axial pullout failure using a mechanical testing 
machine. The results of pullout analysis 
revealed better resistance to pull out in all 
groups as compared to the control group with-
out cement augmentation. In particular, the sta-
tistical analysis showed a difference between 
Group V (P = 0.001) and all other groups, sug-
gesting better load resistance to axial forces 
when the distribution of the PMMA is uniform 
and elongated along the screw stem due to 
combining a fenestrated trocar and prefilling 
augmentation technique (see Fig. 18.5).

In addition to augmenting pedicle screws 
with cement, there are several other surgical 
techniques that can be utilized to increase con-
struct stiffness, even in the face of osteoporosis. 

Fig. 18.4 Cement augmentation techniques of pedicle 
screws. On the left, a kyphoplasty-type cement technique; 
and on the right, a transpedicular prefilling cement 
technique
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Specifically, in the thoracic spine, PMMA 
cement augmentation of pedicle screws is riskier 
 secondary to the risk of cement extravasation 
into the thoracic spinal canal and the possibility 
of injuring the spinal cord. Paxinos and col-
leagues performed an in  vitro biomechanical 
study on the thoracic spine comparing the pull-
out strength and mechanism of failure of four 
posterior fixation thoracic constructs in relation 

to bone mineral density (BMD) [32]. A total of 
80 vertebrae from 11 fresh-frozen thoracic 
spines (T2–12) were used. Based on the results 
from peripheral quantitative CT, specimens were 
divided into two groups – Group (A) osteopenic 
bone and Group (B) normal bone. They were 
then randomly assigned to one of four different 
instrumentation systems: pedicle screws, sub-
laminar wires, lamina claw hooks, and pedicle 

I II III IV V

Fig. 18.5 Pedicle screw cement augmentation groups: (I) 
screw only without PMMA (control group), (II) retro-
grade cement prefilling of the tapped pedicle screw pilot 
hole, (III) cannulated and fenestrate screw with cement 
injection through perforations in the screw, (IV) injection 

using a standard trocar of PMMA (vertebroplasty) and 
retrograde prefilling of the tapped pilot hole, and (V) 
injection through a fenestrated trocar and retrograde pre-
filling of the tapped pilot hole
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screws with  sublaminar wires (Fig.  18.6). The 
construct was completed with two titanium rods 
and two transverse connectors, creating a stable 
frame. The pullout force to failure perpendicular 
to the rods, as well as the pattern of fixation fail-
ure, was recorded. The mean pullout force in 
Group A (36 vertebrae) was 473.2  ±  179.2  N, 
and in Group B (44 vertebrae), the pullout force 
was 1414.5 ± 554.8 N.  In Group A, no signifi-
cant difference in pullout strength was identified 
among the different implant constructs 
(P = 0.96). In Group B, the hook system failed 
because of dislocation with significantly less 
force than the other three constructs 
(931.9  ±  345.1  N vs. an average of 
1538.6 ± 532.7 N; P = 0.02). In the osteopenic 
group, larger screws demonstrated greater resis-
tance to pullout (P = 0.011). The most common 
failure mechanism in both groups was through 
pedicle base fracture. As demonstrated in all the 
previous studies, bone quality is an important 
factor that influences stability of posterior 
implants in the thoracic spine, and fixation 
strength in the osteopenic group was one- fourth 
of the value measured in vertebrae with good 
bone quality, irrespective of the instrumentation 
used (see Fig. 18.6).

 Proximal Junction Kyphosis (PJK)

Osteoporosis not only increases the risk of hard-
ware loosening and failure at the primary site of 
instrumentation, but it can also increase the risk 
of complications to vertebra adjacent to the 
instrumentation in the form of vertebral fractures 
and resultant proximal junction kyphosis (PJK). 
Stiffness at the upper instrumented vertebra 
(UIV) can increase the stress at the adjacent ver-
tebra (UIV  +  1) immediately superior to the 
instrumented vertebra. In patients with osteopo-
rosis, this junctional stress further increases the 
risk for vertebral fracture at the UIV + 1 and can 
result in PJK.

In 2008, Hart and colleagues reported on their 
series of patients treated with prophylactic verte-
bral augmentation above instrumented lumbar 
fusions and analyzed the costs associated with 
prophylactic vertebroplasty vs. kyphoplasty vs. 
revision instrumented fusion [33]. In a retrospec-
tive chart review and cost analysis, all female 
patients older than 60 years undergoing extended 
lumbar fusions were reviewed to establish the 
incidence of proximal junctional acute collapse. 
Cost estimates for two-level vertebroplasty, 

a b

c d

Fig. 18.6 Four different 
instrumentation 
constructs tested:  
(a) pedicle screws,  
(b) sublaminar wires,  
(c) lamina claw hooks, 
and (d) pedicle screws 
with sublaminar wires
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two- level kyphoplasty, and revision instrumented 
fusion were calculated using billing data and 
cost-to-charge ratios. They reviewed 28 female 
patients older than 60  years of age who under-
went lumbar fusions from L5 or S1 extending up 
to the thoracolumbar junction (T9–L2). Fifteen 
of the 28 patients had prophylactic vertebroplasty 
at the level cranial to the fused segment. Acute 
proximal junctional collapse requiring revision 
surgery occurred in 2 of the 13 patients (15.3%) 
treated without prophylactic vertebroplasty. 
None of the 15 patients undergoing prophylactic 
cement augmentation experienced PJK. 
Assuming a 15% decrease in the incidence of 
acute proximal junctional collapse, the estimated 
cost to prevent a single acute proximal junctional 
collapse was $46,240 using vertebroplasty and 
$82,172 using kyphoplasty. Cost analysis 
revealed the inpatient costs associated with a 
revision instrumented fusion averaged $77,432. 
This data supports that prophylactic vertebral 
cement augmentation for the prevention of proxi-
mal junctional acute collapse is a cost-effective 
intervention in elderly female patients undergo-
ing long lumbar fusions.

Kebaish was one of the first to perform a bio-
mechanical study evaluating the effectiveness of 
prophylactic vertebral augmentation in reducing 
the incidence of vertebral compression fractures 
at the proximal junction after a long spinal fusion 
in a cadaveric model [34]. In his study, 18 cadav-
eric spine specimens were divided into 3 groups 
of 6 spines each: a control group, a group treated 
with one-level prophylactic vertebroplasty at the 
upper instrumented vertebra (UIV), and a group 
treated with two-level prophylactic vertebro-
plasty at the upper instrumented vertebra (UIV) 
and the supra-adjacent vertebra (UIV  +  1). All 
spines were instrumented with pedicle screws 
and rods from L5 to T10. Using eccentric axial 
loading, the specimens were compressed until 
failure. Failure was defined as a precipitous 
decrease in load with increasing compression. 
The effect of augmentation on load to failure was 
checked using linear regression, and the effect of 
augmentation on the incidence of adjacent frac-
tures was checked using logistic regression. They 
identified fractures in 12 of 18 specimens: 5  in 

the control group, 6  in the one-level cemented 
group, and only 1  in the two-level cemented 
group. The number of fractures in the UIV + 1 
group was significantly less (P = 0.021) than that 
in the UIV or control groups. Prophylactic verte-
broplasty at the UIV and UIV + 1 levels reduced 
the incidence of junctional fractures after long 
posterior spinal instrumentation in this axially 
loaded cadaveric model.

Raman and Kebaish performed a follow-up 
clinical study evaluating the long-term radio-
graphic and clinical outcomes and the incidence 
of PJK and proximal junctional failure (PJF) after 
prophylactic vertebroplasty for long-segment tho-
racolumbar posterior spinal fusion (PSF) at a 
5-year follow-up time point [35]. A prospective 
cohort of 39 patients, 87% of whom were female, 
who underwent two-level prophylactic vertebro-
plasty at the UIV and UIV + 1 at the time of index 
surgery were included. Clinical outcomes were 
assessed using the SRS-22 and SF-36 question-
naires and the Oswestry Disability Index (ODI) . 
Radiographic parameters including PJK angle, 
and coronal and sagittal alignment, were calcu-
lated along with relevant perioperative complica-
tions and revision rates. Of the 41 patients who 
received two-level prophylactic vertebroplasty at 
the UIV and UIV + 1 during the index PSF, 39 
(95%) completed 5-year follow-up (average: 
67.6 months). Proximal junctional kyphosis was 
defined as a change in the PJK angle ≥10° 
between the immediate postoperative and final 
follow-up radiographs. Proximal junctional fail-
ure (PJF) was defined as an acute proximal junc-
tional fracture, fixation failure, or kyphosis 
requiring extension of the fusion within the first 
6  months postoperatively. Thirty-nine patients 
with a mean age of 65.6 (41–87) years were 
included in this study. Of the 39 patients, 11 
developed PJK (28.2% –7.7% at 2 years, 20.5% 
between 2 and 5 years), and 5.1% developed acute 
PJF. Two of the 11 PJK patients required revision 
for progressive worsening of their PJK.  There 
were no proximal junctional fractures. There was 
no significant difference in the preoperative, 
immediate postoperative, and final follow-up 
measurements of thoracic kyphosis, lumbar lor-
dosis, and coronal or sagittal alignment between 
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patients who developed PJK, PJF, or neither 
(P >0.05). There was no significant difference in 
ODI, SRS-22, or SF-36 scores between those with 
and without PJK or PJF (P >0.05). This clinical 
long-term follow-up study demonstrates that pro-
phylactic vertebroplasty may minimize the risk 
for junctional failure in the early postoperative 
period. However, it does not appear to decrease 
the incidence of PJK at 5 years.

Expanding upon the research performed by 
Kebaish, where prophylactic vertebral cement 
augmentation at the UIV and UIV + 1 decreased 
the incidence of proximal junctional vertebral 
fractures above long instrumented fusion con-
structs, Zavatsky and colleagues evaluated if a 
tapered dose of vertebral cement at the UIV, 
UIV + 1, and UIV +2 would further reduce the 
rate of fractures at the proximal junction in a 
cadaveric model following T10-pelvis instru-
mentation [36]. In a cadaveric study, 15 ligamen-
tous, osteoporotic T6-pelvis specimens with 
screw and rod constructs from T10-S1 were 
divided equally into 3 groups: Group (1) no 
cement, Group (2) 4 cc of cement (2 cc through 
each pedicle) in T10 (UIV) and 4  cc in T9 
(UIV + 1), and Group (3) 4 cc of cement in T10 
(UIV), 3 cc total in T9 (UIV + 1), and 2 cc in T8 
(UIV +2) (Fig. 18.7). The pelvis and T6 vertebra 
were potted, and compression was applied 10 mm 
anterior to the center of T6 using an MTS actua-
tor; the maximum load to failure was measured in 
newtons (N). The spines were evaluated using 
fluoroscopy and CT.  The data demonstrated a 
significant reduction in fractures in Group 3 vs. 2 

and 1 (0 vs. 5 vs. 5, P = 0.0019, respectively). 
Posterior ligamentous rupture occurred in four 
specimens in Group 3, three in Group 2, and one 
in Group 1. There was no statistically significant 
difference in specimen DEXA values (P = 0.71), 
and there was no hardware failure in any group. 
Finite element analysis (FEA) was also per-
formed and mirrored the cadaveric data; the max-
imum load to failure increased from Groups 1 to 
3. Endplate stresses were reduced in Group 3 vs. 
Groups 2 and 1. In both cadaveric and FEA mod-
els, tapering the dose of cement in the UIV, 
UIV + 1, and UIV + 2 (Group 3) decreased end-
plate stresses, increased the load required for fail-
ure, and significantly reduced vertebral fractures 
above long instrumented constructs. The authors 
detailed that this technique may protect the spine 
from PJK due to fracture but may increase the 
risk of posterior ligamentous stress and failure, 
but further clinical validation was warranted (see 
Fig. 18.7).

 Current Recommended 
Management

Before scheduling a surgical patient for elective 
instrumented spinal fusion for either their degen-
erative spinal conditions or deformity, a lateral 
DEXA scan of the spine (T-score) or a spinal CT 
scan (Hounsfield Units (HU)) should be obtained 
to more accurately assess the patient’s bone min-
eral density (BMD). Patients with any T-score of 
less than −2.5, HU less than +90, or history of 

Group 1-Instrumentation Group 2-Instrumentation
+4cc Group

Group 3-Instrumentation
+4cc+3cc+2cc

Fig. 18.7 Three cement 
configuration groups: 
Group (1) no cement 
(control), Group (2) 4 cc 
of cement (2 cc through 
each pedicle) in T10 
(UIV) and 4 cc in T9 
(UIV + 1), and tapered 
cement Group (3) 4 cc 
of cement in T10 (UIV), 
3 cc total in T9 
(UIV + 1), and 2 cc in 
T8 (UIV +2)

18 Surgical Strategies in Osteoporotic Bone



202

fragility fracture (especially of the hip or spine) 
should be referred to endocrinology for initiation 
of anabolic therapy. This referral should be done 
as early as possible, as the insurance company 
approval process for these medications can be 
challenging and lengthy. It is clear that anabolics 
have the potential to improve fusion rates, 
strengthen implant fixation, and reduce junc-
tional complications for women with postmeno-
pausal osteoporosis undergoing posterior spinal 
fusion.

On the basis of the available evidence, there 
appears to be multiple techniques that surgeons 
can utilize intraoperatively to enhance spinal 
instrumentation and decrease the risk of loosen-
ing and hardware failure in the osteoporotic 
spine. These surgical techniques include using 
the largest diameter and length pedicle screws 
possible. Whether it’s a traditional tract or corti-
cal bone trajectory (CBT) pedicle screw, cortical 
fixation can improve construct stiffness and 
decrease the risk of pullout. Augmenting spinal 
instrumentation with sublaminar wires or PMMA 
cement also decreases the risk of fixation failure. 
Injecting PMMA cement through a fenestrated 
trocar and performing retrograde prefilling of the 
tapped pedicle screw pilot hole result in the great-
est pullout strength. Lastly, in addition to aug-
menting the pedicle screws with PMMA, 
prophylactic cement augmentation using a 
tapered dose of bone cement in the upper instru-
mented vertebra UIV (4 cc), the UIV +1 (3 cc), 
and the UIV + 2 (2 cc) may decrease the risk of 
proximal supra-adjacent vertebral fractures, PJK, 
and revision surgery.
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Sacral Insufficiency Fractures

Nicholas Shepard and Nirmal C. Tejwani

 Introduction

Sacral insufficiency fractures (SIF) are a com-
mon cause of low back pain in the elderly. First 
described by Lourie in 1982, SIF are increasingly 

recognized as a source of morbidity in older 
patients [1]. These fractures may occur spontane-
ously or following low-energy trauma in patients 
with risk factors such as osteoporosis, malig-
nancy, or prior radiation. SIF can be classified as 
a type of stress fractures, in which repetitive 
loading exceeds the mechanical resistance of 
bone. The two primary types of stress fractures 
include insufficiency and fatigue fractures, which 
are differentiated based on underlying bone phys-
iology and mechanism of injury. Specifically, an 
insufficiency fracture occurs when normal or 
physiologic stress is applied to abnormal bone 
with decreased elastic resistance. This differs 
from fatigue fractures, which result when abnor-
mal stresses are applied to normal bone [2]. This 
strict classification of SIF is difficult, as they can 
occur when osteoporotic bone is subjected to 
minor trauma. Therefore, some authors have pre-
ferred to define these osteoporotic fractures as 
fragility fractures of the pelvis [3].

 Incidence

The true incidence of SIF is difficult to estimate 
given its subtle presentation and diagnosis. 
Compared to other types of osteoporotic frac-
tures, especially those involving the axial spine, 
the relative incidence is still low [4]. However, 
with an aging population, the prevalence of 
osteoporotic fractures including SIF is expected 

Key Points
 1. SIF are increasingly recognized in 

elderly patients with atraumatic low back 
pain or following low-energy trauma.

 2. A high degree of suspicion for SIF is 
needed given frequently negative initial 
workup and imaging.

 3. Management of SIF consists of conser-
vative therapies with emphasis on anal-
gesia and early mobilization.

 4. Operative therapy including screw fixa-
tion or sacroplasty may be indicated in 
patients with displaced fracture or with 
persistent intractable pain and morbidity.
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to increase over the next 20 years. The most fre-
quent sites include fractures of the vertebra 
(27%), wrist (19%), hip (14%), pelvis (7%), and 
other locations (33%) [5].

With increasing awareness, SIF are being 
more commonly recognized and diagnosed with 
a reported incidence of 1% to 20% in at-risk 
populations [4, 6–9]. Early reports by Weber 
et al. noted an incidence of 1.8% in 1015 female 
patients older than 55  years admitted to their 
institution for low back pain [9]. This was lower 
than those rates reported by Hatzl-Griesenhofer 
et  al. who found 102 sacral fractures on bone 
scintigraphy in elderly patients with acute-onset 
low back pain following incidental trauma with 
negative radiographs over a 2-year period [7]. In 
another single-center retrospective review of 
1017 bone scans in patients over 70 years, 194 
(19%) SIF were identified [8]. Recently, a 
review of 250 patients with atraumatic acute 
back pain presenting to the emergency room 
identified 11 (4.4%) sacral fractures diagnosed 
via CT or MRI [10].

SIF often go unrecognized due to nonspecific 
symptoms and negative initial imaging. A high 
level of suspicion is needed in high-risk patients, 
particularly elderly females with a preexisting 
history of osteoporosis or osteopenia. Given 
these difficulties, there is frequently a delay 
between clinical presentation and the use of 
appropriate sacral imaging that may identify pre-
viously missed or misdiagnosed SIF.  Various 
reports have found an average delay in the accu-
rate diagnosis of SIF between 24 and 55  days, 
emphasizing the need for a high index of suspi-
cion during the initial evaluation [10, 11].

 Anatomy and Biomechanics

The sacrum is a triangular or wedge-shaped bone 
formed by the fusion of five vertebral segments. 
Important articulations include the ilium along its 
lateral border, fifth lumbar vertebra along its cra-
nial border and coccyx at its caudal extension. 
While there is no classification specific to SIF, 
the sacrum and associated fractures have been 
characterized by Denis and consists of three 

zones (Fig.  19.1) [12]. Zone 1, which includes 
the sacral ala and falls lateral to the neural foram-
ina, is the most common site for SIF [13]. Zone 2 
includes the sacral foramina without extension 
into the spinal canal. Zone 3 involves the sacral 
body and central spinal canal. Given its relation-
ship to the sacral nerve roots and central canal, 
SIF are rarely associated with neurologic symp-
toms, which differ from fractures in zones 2 and 
3 that are commonly traumatic in nature and may 
have neurologic deficits on initial presentation 
[12, 14, 15].

SIF classically consist of an H-type fracture 
that runs vertically along both sacral ala and is 
connected by a horizontal component through the 
sacral body (Fig.  19.2) [1]. However, each of 
these segments may be absent, and instead an iso-
lated unilateral or bilateral vertical fracture or 
unilateral vertical fracture with horizontal com-
ponent may predominate. While bilateral frac-
tures are thought to be most common, studies 
examining fracture morphology have failed to 
identify a predominant type [16, 17]. In one 
review of 102 SIF diagnosed with bone scan, 
only 19.6% exhibited typical H-type pattern ver-
sus 32.4% unilateral vertical, 6.9% bilateral ver-
tical, 27.4% horizontal, and 13.7% half H-type 
fractures [7]. This differed from analysis of 85 

Fig. 19.1 Denis classification. Zone 1 falls lateral to 
sacral foramina. Zone 2 includes the sacral foramina with-
out extension into the central canal. Zone 3 consists of the 
sacral body and central canal
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osteoporotic fractures, which had 61.2% H-type, 
19.8% unilateral vertical only, 11.8% bilateral 
vertical only, and 8.2% unilateral vertical plus 
horizontal component [18].

Fracture morphology is likely related to the 
underlying osteoporosis, which preferentially 

affects trabecular rather than cortical bone. The 
ala, which has a high ratio of trabecular to corti-
cal bone compared to the sacral body and neural 
foraminal region, is therefore particularly sus-
ceptible. As hypothesized by Cooper, when a 
bilateral vertical fracture occurs, the sagittal 

a b

c d

Fig. 19.2 Characteristic SIF fracture patterns (a) depict 
classical H-type fracture consisting of bilateral vertical 
fractures with horizontal segment, (b) unilateral vertical 

fracture, (c) unilateral vertical fracture with horizontal 
component, and (d) bilateral isolated vertical fractures
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support provided by the sacral ala may be com-
promised leading to increased stresses along the 
central portion of the sacrum. With sustained 
axial stress in conjunction with natural lumbar 
lordosis, compression of the anterior sacral bod-
ies may result in a horizontal fracture component 
[19]. Anatomic pelvic models of stress during 
ambulation support this theory and have demon-
strated little to no transverse stress across the 
central portion of the sacrum if the sacrum is 
intact. A potential exception is patients with 
excessive lumbar lordosis, atypical stress pat-
terns, or advanced osteoporosis [18].

 Risk Factors

Multiple metabolic and mechanical risk factors 
have been associated with SIF (Table 19.1). The 
most common presentation occurs in elderly 
postmenopausal females with osteoporosis [2, 6, 
20]. Age has been found to be a separate risk fac-
tor, with the average age of SIF ranging from 65 
to 71 years old [13, 21, 22]. In their systematic 
review, Yoder et al. analyzed 101 cases of SIF and 
found that 75 patients were elderly females with 
an average age of 70.5 years, and 36 had a preex-
isting diagnosis of osteoporosis [21]. This was 
similar to the meta-analysis conducted by Finiels 
et al. who analyzed 493 SIF in the literature and 
15 from the author’s institution. They found that 
most fractures occurred in patients over 60 years 
of age and over two-thirds were insidious in onset 
without a history of trauma [22].

Other common risk factors involve processes 
that compromise the mechanical strength of 
bone. This includes metabolic conditions and 

medical therapy that either temporarily or perma-
nently affect bone density. Corticosteroid ther-
apy, which can lead to steroid-induced osteopenia 
with long-term use, is a well-established risk fac-
tor for SIF [21]. Similarly, rheumatoid arthritis 
and its treatment with long-term steroid suppres-
sion has been show to increase the risk for insuf-
ficiency fractures. These patients are also likely 
to have a mechanical component due to their 
impaired functional demand and resultant stress 
applied to the bone [23–26]. Additional causes of 
secondary osteoporosis reported in the literature 
include hyperparathyroidism [27], renal osteo-
dystrophy [28], and Paget’s disease [29]. 
Transplant patients including the liver, kidney, 
and lung are also at increased risk due to a com-
bination of the required medical therapy and 
metabolic derangements that may result from 
solid-organ transplantation [30–32].

A history of pelvic irradiation is another 
important consideration in patients with poten-
tial SIF.  Its association with impaired bone 
strength and insufficiency fractures in oncologic 
patients is well documented; however, delays in 
diagnosis often occur due to complicated symp-
tomology and high suspicion for tumor recur-
rence or metastases [28, 33–36]. Ikushima et al. 
reviewed 158 patients with gynecologic malig-
nancies who underwent pelvic irradiation and 
noted an 11.4% incidence of insufficiency frac-
tures, the majority of which occurred within 
12 months. In cases of SIF following irradiation, 
the typical symmetric bilateral vertical fracture 
pattern occurred, which can help to differentiate 
between SIF and metastases [36]. Blomile et al. 
noted even higher rates (89%) of insufficiency 
fractures in 18 patients with cervical cancer who 
underwent pelvic irradiation, 7 of whom were 
premenopausal [33]. Males are also at increased 
risk following radiation for conditions such as 
prostate cancer. One review of 134 males with 
prostate cancer who had pelvic radiation as part 
of their definitive treatment found a 6.8% 5-year 
incidence of SIF [35].

Prior spinal surgery and instrumentation may 
also impact the structural integrity of the spinal 
column and sacrum, thereby increasing the risk 
for sacral stress fractures especially in patients 

Tables 19.1 Metabolic and mechanical risk factors 
for SIF

SIF risk factors
Osteoporosis Radiation therapy
Rheumatoid arthritis Corticosteroid therapy
Organ transplant  
(lung, liver, kidney)

Anorexia nervosa

Paget’s disease Prior spinal 
instrumentation

Renal osteodystrophy
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with preexisting osteoporosis. In these instances, 
the primary cause is due to the abnormal distribu-
tion of force along the spinal column and sacrum 
following fusion and instrumentation, which is 
more consistent with a fatigue-type fracture [37]. 
When noted, sacral stress fractures frequently 
occur at or the level below instrumentation and 
may be an isolated horizontal fracture [38]. The 
exact timing of presentation is variable but occurs 
on average 5 months following the index proce-
dure [39]. Meredith et al. analyzed 394 patients 
who underwent spinopelvic fusion from L5-S1 
and found 24 (6.1%) sacral fractures at a mean of 
4.3  months. Females over 67  years who had 
instrumentation of three or more levels were at 
the highest risk [40].

 Clinical Presentation 
and Evaluation

Patients with SIF often have a vague and nonspe-
cific presentation, which makes it difficult to 
obtain the appropriate imaging and diagnosis. A 
thorough history is necessary to identify possible 
risk factors that may predispose to stress fractures 
and any history of trauma. The most common pre-
senting symptoms are diffuse, intractable low back 
and buttock pain, though patients may also present 
with pelvic, hip, or groin discomfort with or with-
out radiation to the thigh [9, 13, 21]. Tamaki et al. 
noted that low back pain (36.4%), gluteal pain 
(63.6%), and coxalgia (19.2%) were the most fre-
quent complaints in patients with traumatic SIF 
presenting to the emergency room [10].

Antecedent trauma typically consists of a low- 
energy mechanism, e.g., a mechanical trip and 
fall from standing height or a seated position. 
Cadaveric studies have shown that as little force 
as 3200 ± 1200 N is required to reproduce SIF in 
an osteoporotic sacrum [41]. Minor trauma pre-
ceding the onset of symptoms may occur in only 
one-third of cases, as many SIF occur spontane-
ously with the acute onset of sudden pain that is 
exacerbated by weight-bearing and restricted 
functional mobility [22, 42]. Neurologic symp-
toms are rare and if present can be indicative of 
concomitant pathology of the central cord, lum-

bar spine, or pelvis. Case reports of SIF associ-
ated with cauda equina have been reported but 
are exceedingly rare [43].

On examination, point tenderness over the dis-
tal aspect of the lumbar spine and sacrum may be 
present, though it is not frequently encountered 
[44]. Stability of the pelvic ring must be assessed 
given the frequent association between SIF and 
additional pelvic fractures. Provocative testing of 
the sacrum and sacroiliac joints including flexion- 
abduction- external rotation (FABER) and simul-
taneous maximal hip flexion and contralateral hip 
extension while supine (Gaenslen’ test) will often 
illicit significant pain but are poorly tolerated in 
the acute setting and have poor specificity for 
SIF. If the patient is able to ambulate, gait testing 
will be significant for a slowed, antalgic gait with 
poor overall mobility [13].

 Imaging

Given the nonspecific presentation of SIF and its 
association with low back pain, initial imaging is 
frequently focused on the lumbar spine and/or 
pelvis. This may lead to delayed recognition and 
diagnosis [10, 45]. Imaging techniques useful in 
the diagnosis of SIF include radiographs, MRI, 
bone scintigraphy, and CT scans.

 Plain Radiographs

The initial diagnostic workup includes plain film 
radiographs, which consists of anterior posterior 
(AP) views of the pelvis and possibly AP and lat-
eral views of the lumbar spine depending on 
symptomology. Supplemental radiographs 
including pelvic inlet and outlet views may be 
ordered to better assess the pelvic ring. However, 
insufficiency fractures are difficult to detect on 
radiograph, and frequently plain X-rays are not 
sensitive and inadequate [11]. This is particularly 
true in the acute setting prior to calcification at 
the fracture site. Additionally, overlying bowel 
gas, calcified iliac arteries, demineralization of 
the surrounding bone, and SI joint arthritis can 
obscure visualization making diagnosis difficult 
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[46]. Less than 15–20% of injuries are detected 
on initial evaluation, and after retrospective 
review of patients with SIF confirmed on CT or 
bone scintigraphy, only 30–50% of injuries can 
be detected on plain radiographs [16, 47].

When present, SIF usually present as vertical 
lines of sclerosis lateral to the neural foramina 
(Fig. 19.3) [11] . This is best appreciated in sub-
acute or chronic injuries after the initiation of frac-
ture healing. Typically, there are no distinct fracture 
lines, but subtle anterior cortical disruptions can be 
detected (Fig. 19.4) [48]. A review of 20 patients 
with SIF found that that fracture lines were evident 
in 12.5% of cases, and sclerosis was only noted in 
57% of cases [6]. The onset and resolution of scle-
rosis at the fracture site is variable and ranges from 
1 to 13 months after initial presentation [49].

 Computed Tomography (CT)

Following plain radiographs, CT is often the 
next step in the diagnostic workup for possible 

SIF and is a useful adjunct to advance imaging 
such as MRI or bone scintigraphy. Compared to 
X-rays, CT has a greater sensitivity with 
reported rates of 60–75% [50, 51]. Characteristic 
findings include cortical disruption over the 
anterior sacral cortex in Zone 1 of the sacrum 
consistent with vertical fractures (Figs.  19.5 
and 19.6). Additionally, compression of the 
sacral ala medial to the SI joint may be appreci-
ated. In these instances, CT relies on the pres-
ence of cortical irregularities for appropriate 
diagnosis, but in cases of occult fracture espe-
cially in an atraumatic setting, CT may be nega-
tive. Given these subtle findings, SIF are often 
overlooked or misinterpreted on the initial 
reading [47].

 Magnetic Resonance Imaging (MRI)

Magnetic resonance imaging (MRI) is the most 
sensitive imaging technique for SIF with reported 
sensitivities of 98–100% [48]. Its application in 

a b c

Fig. 19.3 Plain radiographs including (a) AP pelvis and (b, c) pelvic views demonstrating sclerosis in the left sacral 
ala suggestive of SIF

a b
Fig. 19.4 Plain 
radiographs including 
(a) AP pelvis and (b) 
sacral view 
demonstrating bilateral 
anterior cortical 
disruption (arrows) 
indicative of bilateral 
vertical SIF
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early injuries can detect marrow edema represen-
tative of post-traumatic bone hemorrhage related 
to SIF as early as 18 days after the initial symp-
toms. Case reports have described the presence of 
SIF on CT with negative MRI; however, this 
imaging was conducted in the acute setting pos-
sibly prior to the onset of early signal changes 
[52]. The marrow edema associated with SIF 
appears as low signal intensity on T1-weighted 

imaging and increased signal intensity on 
T2-weighted or short tau inversion recovery 
(STIR) series (Figs.  19.7 and 19.8) [51, 53]. 
Patterns of signal change will often mimic the 
fracture morphology as bands of abnormal signal 
paralleling the SI joint. These signal changes are 
also associated with other pathologic and non- 
pathologic processes including stress reactions, 
malignancy, nutrient vessels, and hyperplastic 

a b
Fig. 19.5 Computed 
tomography (CT) 
including (a) axial and 
(b) coronal views 
demonstrating bilateral 
vertical SIF (arrows)

a

b

c

Fig. 19.6 CT including (a, b) coronal and (c) sagittal views demonstrating bilateral vertical SIF with horizontal com-
ponent at S2 (arrows)
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bone marrow [54]. This is of particular impor-
tance with SIF given their association with malig-
nancy and pelvic irradiation, which can 
sometimes mislead the diagnosis.

In addition to signal changes within the 
sacral ala, a distinct fracture line may be present 
but is not required for diagnosis. Cabbarus et al. 

noted that in at least 7% of SIF, there was not a 
clearly discernable fracture. Adjacent soft tissue 
edema was present in approximately one-third 
of cases compared to 65% of pubic rami frac-
tures [51]. When present, fracture lines can be 
seen as hypo- intense signal changes on 
T1-weighted imaging.

a

b d

c
Fig. 19.7 MRI 
including (a) T1 axial, 
(b) T2 axial, (c) STIR 
axial, and (d) T2 sagittal 
series demonstrating 
bilateral SIF with 
horizontal component at 
S2 (arrows)

a b
Fig. 19.8 MRI 
including sagittal (a) T1 
and (b) T2 series 
demonstrating right 
vertical SIF with 
horizontal component

N. Shepard and N. C. Tejwani



213

 Bone Scintigraphy

Bone scintigraphy with technetium-99 m medro-
nate methylene diphosphonate (MDP) is consid-
ered an important diagnostic tool for SIF given its 
high sensitivity; however, with increasing acces-
sibility to MRI and inability to discern SIF from 
possible metastases, this imaging modality is 
now uncommonly used. For select patients, it has 
a sensitivity and positive predictive value of 96% 
and 92%, respectively [17]. The classical pattern 
of radiotracer uptake consists of the “H-type” 
pattern or a “Honda” sign (Fig. 19.9) [55]. When 
correlated to clinical symptoms consistent with 
SIF, this pattern is considered to be diagnostic. 
However, “H-type” fractures may not always be 
present and have been reported on bone scan in 
only 40–60% of cases [17, 22]. Radiotracer 
uptake may also be obscured by surrounding 
structures including the pubic bone, spine, and SI 
joints [17].

 Treatment Options

 Conservative Management

Initial management for the vast majority of SIF 
consists of conservative measures including lim-
ited rest, analgesia, and weight-bearing as pain 
allows using ambulation aides (cane, walker) 
with an emphasis on early mobilization as pain 
allows. Previously, some authors advocated for 
strict bed rest for pain control until symptom 
improvement. More recently, others have 
reported the importance of early mobilization 
and activity modification in a supervised environ-
ment to stimulate osteoblastic activity and pre-
vent deconditioning [6, 9, 13, 56–58]. Assistive 
devices such as walkers, canes, or crutches can be 
used to offload weight-bearing on the affected 
sacrum allowing for early rehabilitation [13].

Symptom resolution with conservative ther-
apy can take up to 1 year, though reported rates of 
recovery have varied from 4 to 15 months [11]. 
During this period, immobilization can be mor-
bid, especially in an elderly population with SIF 
who may have preexisting comorbidities limiting 
their functional reserve. One particular concern is 
thromboembolic disease, with reported rates of 
deep vein thrombosis ranging from 29% to 61% 
and pulmonary embolism from 2% to 12% in 
patients with pelvic insufficiency fractures [58]. 
Additional well-known consequences include 
deleterious effects on muscle conditioning, the 
cardiopulmonary system, decubitus ulcers, and 
pneumonia [11].

Functional outcomes following SIF treated 
with conservative therapy are variable. However, 
these fractures are often a significant source of 
morbidity. Compared to displaced fractures of 
the pelvis, insufficiency fractures in the elderly 
have similar short-term and 2-year outcomes 
[59]. One series reviewed 60 patients aged 
65  years or older found to have pelvic insuffi-
ciency fractures including 16 SIF who were man-
aged with conservative therapy. They noted an 
overall mortality rate of 14.3%, with 25% of 
patients being institutionalized following the 
injury and 50% never returning to their former 
level of self-sufficiency [60]. In another smaller 

Fig. 19.9 Bone scintigraphy demonstrating bilateral ver-
tical sacral fractures with horizontal component charac-
teristic of the “H” or Honda sign
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series of 20 patients with SIF, 17 were noted to 
have complete symptom resolution within 
9  months with no patients reporting decreased 
independence in their daily activities [6].

 Medical Management

Medical therapy in patients with SIF focuses on 
the underlying primary or secondary osteoporo-
sis that predisposes to insufficiency fractures. 
While oral calcium and vitamin D supplements 
remain a mainstay of osteoporosis prevention, 
there is limited data to support their use in preex-
isting SIF, and additional supplementation may 
have limited efficacy in the setting of advanced 
osteoporosis [16]. Similarly, bisphosphonates are 
a common treatment of osteoporosis that act by 
inhibiting bone resorption and have been found 
to increase bone mineral density of the spine and 
hip [61, 62]. However, longtime use may nega-
tively affect bone metabolism by inhibiting nor-
mal bone turnover, thereby predisposing to 
insufficiency fractures [63]. Once an insuffi-
ciency fracture has been identified, continuation 
of bisphosphonates remains controversial [42].

Newer anabolic agents are also being used in 
the setting of osteoporotic fractures. Teriparatide 
or recombinant human PTH has been used for 
insufficiency fractures, atypical fractures, and 
nonunions with promising results [64–66]. Its 
effect may increase bone mineral density and tra-
becular and cortical thickness thereby aiding 
fracture healing and preventing subsequent 
pathology [42]. Yoo et al. compared 21 patients 
with SIF who received daily teriparatide injec-
tions to 20 patients with SIF who did not receive 
additional medical therapies. They found that 
those treated with teriparatide had earlier time to 
mobilization (1.2 weeks vs 2.0 weeks) and faster 
bony healing with all patients receiving teripara-
tide demonstrating healed fractures by 8 weeks 
[67]. This is consistent with smaller case series 
that have shown improved SIF healing following 
the administration of teriparatide [68]. 
Alternatively, the use of PTH has also shown to 
have benefits in the setting of SIF. In one series 
five patients with SIF were treated with PTH and 

compared to ten cases of SIF without the use 
PTH.  The treatment group receiving PTH was 
found to have shorter duration until bony union 
and improved VAS scores [69].

 Surgical Management

Given the potential morbidity associated with 
immobility from intractable pain, operative stabi-
lization has gained increasing popularity in the 
treatment of SIF in patients with displaced frac-
tures or who have failed conservative therapy. 
The mainstay of surgical intervention previously 
consisted of screw fixation either via a minimally 
invasive or percutaneous approach. However, in 
recent years minimally invasive augmentation 
with cement, or sacroplasty, has gained wider 
spread use. While vertebroplasty has been well 
described for osteoporotic fractures of the verte-
bral column, this analogous procedure involving 
injection of bone cement into the pathologic 
sacrum is now being used to treat patients with 
persistent symptoms and/or disability [70–72].

 Screw Fixation
Operative fixation of sacral fractures has evolved 
significantly over time with a shift away from 
open exposures toward minimally invasive tech-
niques. However, in significantly displaced frac-
tures, open reduction may be required with the 
use of spinopelvic fixation. Various methods of 
fixation have been described including iliosacral 
screws, transsacral bars, and posterior tension 
banding [73–76]. Regardless, fracture morphol-
ogy, displacement, and areas of instability dictate 
the appropriate method of fixation.

Iliosacral screw fixation has been well 
described in the treatment of posterior ring inju-
ries and is a useful method of osteosynthesis in 
the setting of SIF.  Done in either a prone or 
supine position, one or two screws can be 
inserted percutaneously into the S1 and/or S2 
body [77, 78]. The use of two screws may help to 
prevent rotational instability; however, variabil-
ity in sacral anatomy may limit screw placement 
[79]. Another consideration is bone quality, 
which is likely to be poor in elderly patients with 
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insufficiency fractures. In order to optimize 
screw purchase, iliosacral screws can be 
advanced to the midline of the vertebral body 
where the density of cancellous bone is higher 
relative to the sacral ala [80]. Additional aug-
mentation with washers or PMMA (polymethyl-
methacrylate) cement has also been described to 
improve fixation [81, 82].

Another percutaneous approach is transsacral- 
transiliac screw fixation. This technique is useful 
in the setting of bilateral posterior ring injuries 
with poor bone quality and may help to overcome 
weak screw purchase if used in the sacrum alone 
[83]. These constructs consist of a partially 
threaded 6.5 or 7.3  mm single or double 
transsacral- transiliac screw that traverses the 
sacrum through either the S1 or S2 body [84]. 
Screw size and location are dictated by the sacral 
anatomy and therefore require careful preopera-
tive planning. When passing the screws, the goal 
is to insert them through safe anatomic pathways 
in the sacrum called transsacral corridors, which 
vary in size and location [79]. Sanders et  al. 
recently reported on 11 patients who underwent 
transsacral-transiliac screw fixation for SIF fol-
lowing failed non-operative management. They 
found all patients went onto fracture healing with 
significant improvements in VAS and Oswestry 
Low Back Disability Index scores following sur-
gery, with no surgical complications [84].

 Sacroplasty
First described by Garant, sacroplasty has 
evolved from the principles of vertebroplasty 
used for insufficiency fractures in the thoracic 
and lumbar spine [85]. Early attempts at cement 
injection into the sacrum were used for painful 
metastases, and since then the technique has 
evolved for use with SIF. It has gained increased 
popularity, especially in cases of nondisplaced 
SIF refractory to non-operative management. 
This percutaneous procedure involves the force-
ful injection of PMMA cement into the fractures 
site, which is then distributed throughout the area 
of injury. Once hardened, the cement acts to sta-
bilize the fracture allowing for pain relief and 
early mobilization. Various percutaneous meth-
ods have been described and will be detailed 

below, including the use of CT with or without 
fluoroscopic guidance.

The biomechanical principles of sacroplasty 
have not been well elucidated. Compared to verte-
broplasty, where cement acts to resist compressive 
forces along the axis of the spine, sacroplasty must 
counteract shear forces along vertically oriented 
fracture lines in the sacrum [50]. The proposed 
advantage of this technique is that injecting cement 
stabilizes the fracture and prevents continued 
micromotion, thereby improving pain. This has 
been supported by finite element analysis (FEA) in 
cadaveric models that have demonstrated that 
PMMA injection with sacroplasty decreases frac-
ture propagation by 93% and micromotion at the 
fracture site by 48% [86]. This stabilization may 
only occur locally at the fracture site, as additional 
FEA models have showed increases in overall 
sacral stiffness by only 1–4% vs 40–60% at the site 
of cement-bone interface [87]. However, cadaveric 
testing has failed to show restoration of strength or 
stiffness following cement injection, regardless of 
the volume injected or the approach used [88, 89].

Multiple basic approaches have been described 
for needle introduction into the fracture site and 
include a posterior or short-axis, long-axis, and 
midline approach. The two primary approaches 
consist of a posterior (short-axis) or long-axis 
approach, while a midline approach is typically 
used if additional injections are needed into a 
horizontal fracture component [11]. In the short- 
axis approach, the needle is placed in the 
posterior- to-anterior direction versus a long-axis 
approach where the needle is introduced in the 
caudal-cephalad direction [90]. The long-axis 
approach has the potential benefit of using a sin-
gle cannula, injecting cement directly along a 
vertically oriented fracture line, and decreased 
risk of ventral perforation/extravasation [91]. In 
either case there is the potential risk of perforat-
ing the anterior or superior cortex and entering 
the sacral foramen [92].

 Posterior (Short-Axis) Technique
The patient is positioned prone in a radiologic 
suite and a lateral scout CT, or fluoroscopic imag-
ing is taken for localization. The choice of poste-
rior puncture site is dependent on fracture 
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location and morphology. Traditionally a pos-
terolateral approach is used, which begins at a 
point centered on the S1 or S2 vertebral body, 
halfway between the dorsal aspect of the sacral 
foramina and SI joint (Fig. 19.10). Alternatively, 
an oblique central posterior approach can be 
used, which is centered over the sacral ala but 
angles medially between the spinal canal and 
sacral foramina. Once the appropriate approach 
has been determined, a small incision is made, 
and the needle is introduced into the posterior 
cortex of the sacrum and advanced 2–3  mm. 
Location is confirmed with CT or fluoroscopic 
imaging. After necessary adjustments are made, 
the needle is advance in small 5–10 mm intervals 
with manual pressure or with a mallet, checking 
position with localizing images. Final position of 
the needle should be within 10 mm to the anterior 
sacral cortex; however, care must be taken not to 
penetrate the anterior cortex. If using fluoros-
copy, optimal needle position on lateral films will 
be within the anterior aspect of the middle third 
of the vertebral body. On AP imaging, confirma-
tion of needle placement lateral to the sacral 
foramina must be achieved.

Once the needle is in appropriate position, the 
cement is prepared. When choosing cement, it 
should preferentially contain opacifiers to allow 
for visualization and have a long setting time. 
Cement is then injected in 0.5 mL aliquots, with 
repeat imaging after each injection. Between 

injections, the needle is removed along the frac-
ture line in 1 cm intervals, but if cement extrava-
sation is noted, injection through that needle 
should cease. The total volume of cement injected 
ranges from 3 to 8 mL per side and varies on frac-
ture pattern, location, and morphology. Once the 
cement has hardened, the needles can be removed 
and surgical site is dressed. Postoperatively, 
patients are monitored for neurologic change. 
They are made weight-bearing as tolerated, given 
appropriate analgesia, and can be discharged on 
the same day.

 Long-Axis Technique [90]
The patient is positioned prone on the radiologic 
procedure table, and the imaging beam is canted 
cephalad to align the image with the L5-S1 disk 
space and is oriented perpendicular to the long- 
axis of the sacrum. Localization is used to mark 
the starting point at the midpoint between the 
inferior aspect of the SI joint and lateral aspect of 
S3 foramen. A spinal needle is inserted, and posi-
tioning is checked on AP and lateral images. On 
lateral imaging, the needle is pointed toward the 
center of S1. Once the needle position is con-
firmed, the cannula is advanced into the posterior 
cortex approximately 1 cm. Position is confirmed 
on AP and lateral imaging. The cannula is 
advanced in 5–10  mm intervals, checking with 
localizing imaging at each interval. The final 
position should demonstrate the cannula tip 1 cm 
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Fig. 19.10 Short-axis technique for percutaneous sacro-
plasty. (a) Appropriate start point in coronal plane lateral 
to sacral foramina at S1 and S2 and (b) needle position in 

the sagittal plane. Tip should not extend into anterior 1/3 
of S1 body to prevent anterior perforation
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inferior to the geometric center of the S1 body. If 
the needle has advanced past this point, it should 
be withdrawn given the high risk of cephalad 
perforation.

After confirming the cannula position, cement 
is mixed and injected into the sacrum under fluo-
roscopic visualization. As the S1 body is filled, 
the cannula is withdrawn in 1  cm increments 
along the fracture line. Once the needle 
approaches the inferior aspect of the SI joint, 
cement injection is stopped. Approximately 
3–8 mL of cement is injected. After the injection 
is completed, final imaging is done to confirm 
cement filling and evaluate for extravasation. The 
cannula sites are dressed and the patient is moni-
tored for neurologic changes, made weight- 
bearing as tolerated with expected same-day 
discharge.

Long-term outcome data following sacro-
plasty is limited; early reports from multiple 
cases series have demonstrated favorable results 
with pain improvement. Dougherty et al. reported 
on 57 patients undergoing percutaneous sacro-
plasty and found that 76% of patients experi-
enced at least 30% decrease in pain scores and 
60% endorsed decrease opioid usage [93]. These 
improvements occur almost immediately follow-
ing the procedure and persist at 1-year follow-up 
[94]. Another series by Gupta et al. consisting of 
53 patients undergoing sacroplasty found signifi-
cant improvements in VAS, Functional Mobility 
Scale, and Analgesic Scale scores with 93% 
reporting complete resolution or improvement in 
overall pain [95]. The largest series to date con-
sists of 243 patients undergoing sacroplasty for 
SIF or sacral lesions. Preoperative VAS scores 
improved significantly from 9.2 ± 1.1 points to 
1.9  ±  1.7 following CT-guided percutaneous 
sacroplasty [96]. By improving pain, the proce-
dure may also allow for improved mobilization 
and decreased disability. Onen et  al. found a 
decrease in ODI scores from 44 [38–46] preop-
eratively to 14 [11–22] postoperatively in patients 
undergoing sacroplasty [97]. Similarly, signifi-
cant improvements in clinical mobility scale 
scores have been reported at 4, 24, and 48 weeks 
postoperatively [98].

While sacroplasty is considered a safe proce-
dure, complications can result from extravasation 
of cement outside of the sacrum with neurologic 
compromise being the most concerning. Few 
reported cases of cement leakage into the sacral 
foramina have been reported with an overall fre-
quency of PMMA extravasation of 7.4% [92, 94, 
96, 98, 99]. The most commonly affected loca-
tion is the S1 foramen resulting in S1 neuritis, 
which may improve with targeted epidural ste-
roid injections [94]. However, in cases where the 
neuritis is refractory to conservative therapy, sur-
gical decompression may be required to remove 
the cement and allow for nerve root decompres-
sion [99]. Additional potential complications 
include extravasation into the spinal canal, pul-
monary emboli, and infection though no cases 
have been reported in the literature to date.
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 Introduction

Osteoporotic vertebral compression fractures 
(VCFs) present tremendous challenges to treating 
providers and place substantial economic burden 
on our healthcare system [1]. In the United States, 
700,000 osteoporotic VCFs are estimated to occur 
annually [2], while in Europe, an estimated 1.4 
million osteoporotic VCFs occur annually [3]. 
This number is expected to rise dramatically over 
the next decade as the population ages [4]. As 
emphasized throughout this textbook, osteoporotic 
VCFs can cause significant pain, disability, and 
deformity, ultimately impairing patients’ quality 
of life and ability to carry out their activities of 
daily living [5, 6]. The effective prevention and 
treatment of osteoporotic VCFs can greatly impact 

the life and health of patients [7]. Managing these 
fractures requires a comprehensive multidisci-
plinary approach utilizing different treatment 
modalities [8]. This chapter summarizes current 
screening, prevention, and treatment options while 
focusing on recent advances and future directions 
for the management of osteoporotic VCFs.

 Screening Patients at Risk 
of Osteoporosis

Osteoporotic VCF is a fragility fracture and is, 
therefore, preventable. Successful prevention of 
osteoporotic VCFs relies strongly on identifying 
patients who are at risk of developing osteoporo-
sis. Early diagnosis allows timely implementa-
tion of preventive and therapeutic measures.

Clinically, the diagnosis of osteoporosis is 
based on the criteria established by the World 
Health Organization (WHO). Osteoporosis is 
defined by any of the following:

 1. A history of fracture of the hip or spine
 2. A bone mineral density (BMD) in the osteo-

porosis range (T-score of ≤ −2.5)
 3. A major osteoporotic fracture 10-year proba-

bility of ≥20% or a hip fracture 10-year prob-
ability ≥3%, calculated using the Fracture 
Risk Assessment Tool (FRAX®)

Screening recommendations vary to some 
extent between agencies. The US Preventive 
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Services Task Force (USPSTF) recommends 
screening in women ≥65 years and in postmeno-
pausal women <65  years who are at increased 
risk for osteoporosis. The National Osteoporosis 
Foundation (NOF) also recommends screening in 
women ≥65 years [9]. According to the USPSTF, 
current evidence is insufficient to recommend 
screening for osteoporosis in men. However, 
osteoporosis is a concern in this group as well 
[10], with a reported incidence of osteoporotic 
VCFs as high as 5.7 per 1000 men per year [11]. 
For this reason, one of the main focuses moving 
forward is to design new screening tools that can 
better detect osteoporosis in both women and 
men.

 Current and Future Screening Tests

The gold standard for osteoporosis screening is 
bone mineral density (BMD) assessment using 
dual-energy x-ray absorptiometry (DEXA), also 
known as bone densitometry. In simple terms, 
DEXA works by sending x-ray beams through 
the bones and detecting how much radiation 
energy is absorbed and how much passes 
through. Bones with greater BMD absorb more 
radiation, and therefore less energy is detected 
by the machine on the opposite side; the con-
verse is true for bones with lower density. Other 
screening tests that similarly measure BMD 
include quantitative ultrasonography (QUS), 
quantitative computed tomography (QCT), and 
high-resolution peripheral quantitative com-
puted tomography (HR-pQCT). Although 
CT-based measurement of Hounsfield units 
(HUs) can reliably determine regional BMD of 
the vertebral bodies [12], this method has been 
shown to be inaccurate in patients with adult spi-
nal deformity [13].

The aforementioned studies all have specific 
advantages and disadvantages [14]. Most nota-
bly, these screening tests measure the quantity of 
bone (i.e., mineral composition) but provide little 
if any information on the actual quality. Bone 
strength, however, is a product of bone density 
and quality [15]. This explains why patients with 
normal BMD can still sustain fragility fractures 

and why not all patients with osteoporosis by 
WHO criteria go on to develop osteoporosis- 
related fractures. Additionally, there are many 
artefactual causes that can artificially increase 
BMD measurement; therefore a normal or high 
BMD may not necessarily indicate “normal” or 
“healthy” bone [16]. The presence of degenera-
tive changes or spinal deformity, for example, 
may cause false elevation of BMD [13, 17]. 
Another drawback of BMD tests is that measure-
ments are made under unloaded or static condi-
tions. Bone, however, is a dynamic structure with 
anisotropic and viscoelastic properties. Bone 
fracture depends on the strength of the bone and 
the forces to which it is subjected (i.e., applied 
load) [18]. Thus, although BMD is a good predic-
tor of fragility fractures, it is far from perfect. The 
best screening tests to detect osteoporosis and 
predict age-related fractures should measure both 
the quantity and quality of bone under in  vivo 
loading.

Currently there are several techniques that are 
better able to determine bone strength but have 
limited use in the clinical setting [19]. One such 
innovation is bone microindentation testing 
(BMT), which measures the mechanical proper-
ties of bone (called bone material strength, or 
BMS) in vivo. BMT involves pressing a handheld 
probe against the cortical surface of the tibia, 
applying a test load, and then measuring how 
much this load indents the bone surface [20, 21]. 
Malgo et  al. (2015) showed that BMS was 
decreased in patients with fragility fractures 
compared to those without fractures, even when 
BMD was similar between the two groups [22]. 
This suggests that BMS via microindentation 
may be a better predictor of fragility fractures 
than BMD. Other studies have focused on mea-
suring dynamic bone quality using tools that sub-
ject bone to real-time in  vivo loading [23, 24]. 
Bhattacharya et  al. (2010) used accelerometers 
attached to the patient’s specific bony promi-
nences to measure bone shock absorption (BSA) 
during heel strike. BSA provides information on 
the bone’s structural integrity. The authors showed 
that BSA was significantly lower in osteoporotic 
patients with VCFs compared to osteoporotic 
patients without VCFs [23]. Like BMS, BSA may 
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better predict  osteoporotic- related fractures 
than BMD.  As previously stated, these new 
technologies have not yet been widely or rou-
tinely used for clinical diagnosis.

As we better understand bone biology and the 
pathogenesis of osteoporosis, there has been a 
growing interest in utilizing biochemical markers 
to diagnose osteoporosis and monitor response to 
therapy [25]. These biomarkers are measured in 
the serum or urine and include markers of bone 
formation (e.g., bone-specific alkaline phospha-
tase, osteocalcin, procollagen type I N-propeptide 
and C-propeptide) and markers of bone resorp-
tion (e.g., type I collagen N-telopeptide and 
C-telopeptide, deoxypyridinoline) [25–27]. 
These biomarkers have been primarily used for 
research purposes, and further research is needed 
to determine the clinical application of these tests 
in the management of osteoporosis [28].

Finally, genome-wide association studies 
(GWASs) have identified specific single nucleo-
tide polymorphisms (SNPs) that are associated 
with osteoporosis [29]. The gene encoding the 
low-density lipoprotein receptor-related protein 5 
(LRP5) is one of the most well-studied genes. 
LRP5 polymorphisms have been shown to be 
closely linked to osteoporosis [30, 31] and pre-
dict BMD [32, 33] and osteoporosis-related frac-
tures [34, 35]. As research intensifies and 
technology becomes more sophisticated, efforts 
should concentrate on identifying different 
genetic determinants of osteoporosis and devel-
oping validated genetic screening tests for this 
condition.

 Preventing Osteoporotic Vertebral 
Compression Fractures

Early diagnosis and treatment of osteoporosis is 
the foundation for various treatment strategies for 
osteoporotic VCFs. Osteoporosis prevention 
includes eating a balanced diet with adequate cal-
cium and vitamin D intake. Bone health can be 
maintained by making healthy lifestyle modifica-
tions such as exercise and smoking cessation. 
Additionally, patients should avoid taking medi-
cations that can have adverse effects on bone 

metabolism including glucocorticoids, antiepi-
leptics, antidepressants, and antiretrovirals [36].

 Current and Future Medical Therapies

Patients with osteoporosis should be cared for 
and followed closely by their primary care physi-
cian, rheumatologist, or endocrinologist. 
Pharmacologic therapy should be initiated in 
patients with osteoporosis and in those who are at 
high risk of developing osteoporosis. Current 
FDA-approved pharmacologic agents either slow 
down bone turnover (antiresorptive) or promote 
bone formation (anabolic). Antiresorptive agents 
include bisphosphonates (e.g., alendronate, rise-
dronate, ibandronate, zoledronate), selective 
estrogen receptor modulators (SERMs) such as 
raloxifene, estrogen or estrogen-progestin hor-
mone therapy, receptor activator of nuclear factor 
kappa-B ligand (RANKL) inhibitor (i.e., deno-
sumab), and calcitonin [9]. Teriparatide (parathy-
roid hormone 1-34) and abaloparatide 
(parathyroid hormone-related protein (PTHrP) 
analogue) are the only FDA-approved anabolic 
agents [37].

As we better understand the molecular mecha-
nisms of bone formation and breakdown, new 
therapies are emerging that specifically target 
these pathways to prevent and/or treat osteoporo-
sis. One major pathway is the Wnt/β-catenin sig-
naling pathway, which is essential for the 
regulation of bone metabolism and remodeling. 
Briefly, Wnt is a glycoprotein ligand that binds to 
frizzled, a transmembrane receptor. Coreceptors 
LRP5/6 then bind to the Wnt-frizzled complex. 
This ultimately leads to translocation of β-catenin 
into the nucleus to upregulate gene transcription 
important in osteogenesis [38]. Sclerostin is a 
molecule that binds to LRP5/6 and inhibits Wnt/
β-catenin signaling [39]. Loss-of-function muta-
tions of the SOST gene encoding sclerostin leads 
to a sclerosing bone dysplasia genetic disorder 
called sclerosteosis. Researchers have taken 
advantage of this knowledge to develop romoso-
zumab, a monoclonal antibody that inhibits 
sclerostin. Studies have shown its effectiveness in 
promoting bone formation and preventing bone 
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resorption [40]. McClung et  al. (2014) showed 
that romosozumab increases BMD in postmeno-
pausal women [41]. This pharmacologic agent is 
not yet FDA-approved, however [37].

Another group of agents currently being 
investigated are the cathepsin K inhibitors. 
Cathepsin K is a collagenase enzyme involved in 
osteoclast-mediated bone resorption; therefore, 
inhibitors of cathepsin K such as odanacatib can 
slow this process [42, 43]. There is currently no 
FDA-approved cathepsin K inhibitor for the 
treatment of osteoporosis. Future research efforts 
should focus on elucidating the cell signaling 
pathways responsible for bone metabolism to 
identify new molecular targets for osteoporosis 
therapy.

 Treating Osteoporotic Vertebral 
Compression Fractures

For patients with osteoporotic VCFs, manage-
ment includes both non-operative and operative 
options. Non-operative modalities have been dis-
cussed in great detail in this textbook and gener-
ally consist of activity modification, physical 
therapy, bracing, and pharmacotherapy for pain 
control and osteoporosis [44]. This section 
focuses primarily on the surgical management of 
osteoporotic VCFs.

 Current and Future Surgical Options

While the pharmacotherapy of osteoporosis is 
continually evolving, the surgical management of 
osteoporotic VCFs has remained relatively 
unchanged over the past three decades. Current 
surgical options concentrate on addressing the 
fractured vertebra through cement augmentation 
techniques. The goals of these vertebral augmen-
tation procedures are to decrease pain and pre-
vent progressive kyphosis. Vertebroplasty was 
initially introduced by Galibert et al. in 1984 and 
described in the literature in 1987 [45]. The tech-
nique consists of injection of structural cement 
such as polymethyl methacrylate (PMMA) into 
the collapsed vertebral body to restore height, 

improve fatigue resistance, and maintain spinal 
stability. In addition to unreliable vertebral body 
height restoration, the principal drawbacks of 
vertebroplasty are cement embolization and 
extravasation of cement outside the confines of 
the vertebral body during injection [46, 47]. 
Kyphoplasty was subsequently developed to 
address the collapsed vertebra. The technique 
focuses on insertion and subsequent inflation of a 
balloon to create a void prior to cement injection. 
This allows the cement to be injected at a lower 
pressure and therefore decreases the likelihood of 
extravasation. Many systematic reviews have 
shown a significant decrease in cement extravasa-
tion with kyphoplasty compared to vertebro-
plasty [48, 49].

The effectiveness of vertebroplasty has 
recently been challenged. Buchbinder et  al. 
(2009) and Kallmes et al. (2009) independently 
published the results of their randomized con-
trolled trials (RCTs) in the New England Journal 
of Medicine (NEJM) and concluded that verte-
broplasty did not do any better than a simulated 
procedure [50, 51]. In a 2010 guideline and evi-
dence report published by the American Academy 
of Orthopaedic Surgeons (AAOS) titled “The 
Treatment of Symptomatic Osteoporotic Spinal 
Compression Fractures,” the AAOS counseled:

• We recommend against vertebroplasty for 
patients who present with an osteoporotic spi-
nal compression fracture on imaging with cor-
relating clinical signs and symptoms and who 
are neurologically intact.

• Kyphoplasty is an option for patients who 
present with an osteoporotic spinal compres-
sion fracture on imaging with correlating clin-
ical signs and symptoms and who are 
neurologically intact.

In contrast, the North American Spine Society 
(NASS) maintained their strong support for these 
vertebral augmentation procedures [52], which 
should be done in selected cases. The authors of 
this chapter uphold this position, as there have 
been dozens, if not hundreds of subsequent stud-
ies supporting the procedures’ benefit in patients 
with osteoporotic VCFs who have failed medical 
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management [53–56]. This discussion exposes 
the controversies that exist in the medical com-
munity regarding the use of vertebral augmenta-
tion to treat osteoporotic VCFs. Vertebroplasty 
and kyphoplasty have specific complications, and 
therefore future treatment strategies should focus 
on making them safer for patients.

One unsettled issue in vertebroplasty and 
kyphoplasty is determining which is the optimal 
filling cement or cement substitute for augmenta-
tion. Although PMMA is the most commonly 
used filling cement, other biodegradable bone 
cement substitutes have been evaluated including 
calcium phosphate cement (CPC) [57] and cal-
cium sulfate cement (CSC) [58]. Certain bone 
putties such as MONTAGE® may be suitable 
filling agents for vertebral augmentation because 
they interdigitate into surrounding trabeculae, 
quickly harden after application, and fully resorb 
with fracture remodeling. Currently there are no 
level I randomized controlled trials comparing 
these different filling options. There are many 
vertebral augmentation systems available today 
such as Kyphon (Medtronic Inc.), Spasy (Joimax 
Inc.), AVAmax (Carefusion Inc.), and Ky/Spine 
(Ackermann Inc.) and Stabilit (Dfine Inc.) [59]. 
These systems were developed with the same 
principal goal: to safely deliver cement percuta-
neously into the vertebral body while minimizing 
extravasation.

A new system, the Kiva® VCF Treatment 
System by Benvenue Medical, Inc., was recently 
FDA-approved for VCFs. Unlike previous sys-
tems in which only cement is injected, the Kiva® 
system is implant-based. That is, a flexible cylin-
drical polyetheretherketone (PEEK) implant is 
first inserted percutaneously into the vertebral 
body to provide structural support. Cement is 
subsequently injected for additional vertebral 
augmentation and is contained within the implant. 
According to the KAST (Kiva Safety and 
Effectiveness Trial) randomized control study, 
patients with painful osteoporotic VCFs who 
received treatment using this implant-based sys-
tem had improved pain (visual analogue scale 
score, or VAS) and function (Oswestry Disability 
Index, or ODI). The authors reported no device- 

related serious adverse events in 153 cases and 
concluded that the Kiva system was as effective 
and safe as traditional balloon kyphoplasty [60].

Recently, several studies evaluated the effi-
cacy of a novel craniocaudal expandable titanium 
implant (SpineJack® by Vexim, France) used in 
the treatment of painful osteoporotic VCFs [61–
63]. A prospective, multicentered European study 
examined the outcome of 108 fractures in 103 
consecutive patients treated with the SpineJack® 
device. These patients were then followed for a 
period of 1 year. Approximately three quarters of 
the treated fractures were traumatic in nature, and 
one quarter of the fractures were secondary to 
osteoporosis. At a time point of 48 hours after the 
procedure, there was a mean reduction in the 
VAS score by 5.5 points, which was statistically 
significant (p  <0.001). At the 3-month and 
12-month post-surgery time points, the reduction 
in VAS scores was maintained. Similar statisti-
cally significant improvements in pain and qual-
ity of life were seen in the Oswestry Disability 
Index (ODI) and EuroQol-VAS scores. In addi-
tion, there was a significant decrease in the num-
ber of patients requiring narcotics 48 hours after 
the procedure. No implant-related adverse events 
were noted during the study, and no device 
required removal. The authors concluded that the 
SpineJack® device was a safe and effective treat-
ment for use in osteoporotic VCFs [62]. At this 
time, the SpineJack® device is currently approved 
for use in Europe; however, it is not yet available 
in the United States.

In summary, future technological innovations 
in the surgical management of osteoporotic VCFs 
are on the horizon. Current strategies seem to be 
focused on three main objectives: (1) developing 
new filling agents which are better able to inter-
digitate into the surrounding trabeculae, (2) intro-
ducing new ways to safely deliver augmentation 
agents while minimizing or preventing extravasa-
tion, and (3) designing new implant-based verte-
bral augmentation systems. While these avenues 
are exciting and show early promise, long-term 
data is lacking; multicentered, placebo-controlled 
trials should investigate these new techniques and 
innovations further.
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