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Preface

Management of bone tumors and osteoarthritis has evolved rapidly over the past
years. The diagnostic capabilities, treatment modalities, treatment preferences,
timing of treatment, and approach to managing these conditions have changed over
the years.

This book contains two main sections. The first section contains chapters on recent
advances in bone tumours and the second section contains chapters on the latest
findings in osteoarthritis and its treatment.

Chapters are organised in a systematic way so the reader can review and understand
the basic to advanced concepts of the subject. All chapters are original work con-
tributed by an expert panel of authors and the work is peer-reviewed and edited
accordingly.

The first section contains 5 chapters dedicated to bone tumours that discuss the
recent advances and current management in bone cancer pain, imaging of paediat-
ric benign bone tumours, medical therapy for giant cell tumours, osteosarcoma and
its modern management.

The second section is dedicated to osteoarthritis where the authors discuss the
timely topics of initial management, modern non-surgical treatment options
and the role of bilateral joint replacements in a single sitting when treating
osteoarthritis.

The book in printed format will be an essential reference to store in all medical
libraries, while the electronic format in the open-access concept is available free of
charge for the reader to read online or download, either the book in whole or as an
individual chapter.

Sincere and many thanks to all the authors' contributors and researchers who
contributed to this book and made this project a success, all the staff at Intech Open
publishing including the author service manager, Jasna Bozic, for the effort put into
this project, and as always to my wife Anuji and daughter Nuwanji, for supporting
me through all my research work and helping with high tech computer editing.

Hiran Amarasekera

MBBS(Manipal), MS (Colombo), FRCS(Ed), FCSSL, MPhil (Warwick),
Consultant Orthopaedic Surgeon,

Senior Lecturer (Hon) In Surgical Sciences,

Faculty of Medicine,

University of Kelaniya,

Sri Lanka
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Chapter1

Bone Cancer Pain, Mechanism
and Treatment

Sonny Hermanus Johannes Sliepen

Abstract

The world health organization (WHO) has predicted a global amount of
19 million cancer cases by 2025. Breast, prostate and lung cancer are common cancer
types and show metastasis in 60 to 84% of the cases, with 75 to 90% experiencing
life-altering cancer-induced bone pain (CIBP), characterized by continuous, dull
progressive pain with movement-induced incident peaks and random breakthrough
spikes. Therefore, it is the most difficult pain condition to treat. CIBP is a unique
type of pain with neuropathic and nociceptive components. Briefly, an invading
tumor cell disturbs the healthy balance of the bone resulting in an acidic microenvi-
ronment, activating sensory fibers in the bone. The invaded tumor cell and adjacent
stromal cells secrete mediators initiating an immune response with transcriptional
signaling, resulting in increased cytokines and growth factors. Sensory nerve fibers
are damaged and start to sprout, causing ectopic firing, and as tumors grow in size
they activate mechanoreceptors. Aside from bisphosphonates and antibody therapy,
CIBP is treated by a range of NSAIDs to strong opioids, but remains undertreated in
one-third of cases. This chapter discusses the accompanying CIBP of bone tumors,
the mechanism of action and current treatments.

Keywords: CIBP, NOP receptor, RANK/RANKL, NGF/TrkA, IL-6

1. Introduction

Cancer induced bone pain (CIBP) is a big accompanying clinical problem of
bone tumors with a high unmet medical need [1]. It is a debilitating form of differ-
ent pain components that severely affects a patients’ quality of life. The complex
mechanism of CIBP largely involves the nervous system with transmembrane
receptors and channels on the nerve fibers. Briefly, the nervous system consists of
the central nervous system, i.e. the brain and the spinal cord, and the peripheral
nervous system, i.e. the autonomic (unconscious, the para- and sympathetic
nervous system) and somatic (conscious/voluntary) nervous system. A neuron is a
nerve cell consisting of a cell body (soma), projections receiving input signals (the
dendrites) and a single long arm away from the soma (the axon/fiber) that ends
with the axon terminal (synapse). Axons contain a sheath of myelin that serves as
isolation in a similar way as plastic around an electrical wire. Regarding the somatic
nervous system, neurons with projections towards the spinal cord (afferent)
respond to stimuli and are the sensory neurons. The neurons that respond to the
brain and the signals from the spinal cord (efferent) are the motor neurons [2].

Pain is the defense mechanism against external factors that could cause tis-
sue damage (a noxious stimuli) and nociception is detecting such stimulus. The
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somatosensory nervous system contains the sensory neurons that respond to
noxious stimuli (nociceptors). There are three types of nociceptors, receptors that
sense 1) thermal, 2) mechanical and 3) chemical stimulants. When a threshold of
either one of those three properties is exceeded, the nociceptor is activated — the
neuron depolarizes and an action potential occurs — and an electrical signal follows
through the nociceptive pathway. Two major nociceptive fibers are reasonably
fast-conducting A-8 fibers, containing a thin layer of myelin and the unmyelinated
slow-conducting C-fibers. Finally, there are thickly myelinated fast conducting A-f
fibers, faster than A-§ fibers, primarily for the normal sensation of touch [2].

Pain can be acute, serving a biological purpose, e.g. protection, and chronic,
without a biological purpose, becoming an own medical disease more than a symptom
[3]. A workgroup from the international association for the study of pain (IASP) has
defined chronic pain as a pain that persists for more than 3 months. They defined a
subgroup in 2018 where it has been considered that pain can be the primary disease,
i.e. in low-back pain. Moreover, they have made subgroups and considered conditions
with chronic secondary pain, such as chronic cancer-related pain [4]. The transition
to chronic pain involves neuronal plasticity — the ability of the nervous system to adapt
the composition, signaling and structure — represented by the enhancement of neurons
and pain pathways, entitled as central and peripheral sensitization [3]. A very detailed
elaboration on the molecular mechanism of sensitization is described by Latremoliere
and Woolf (2009). Here, it is important to know that central and peripheral sensi-
tization is a mechanistic explanation for mechanical allodynia (non-noxious stimuli
become painful), hyperalgesia (painful, noxious stimuli ave prolonged in vesponse and
exaggerated) and secondary hyperalgesia (pain spreads beyond the site of injury) [3].
The definition of pain by IASP is: “An unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in terms of such damage”
and for nociception: “The neural processes of encoding noxious stimuli” [5]. Pain can be
distinguished between injury to the peripheral tissue, nociceptive pain — Immunologic
response — and pain directly to the nervous system, neuropathic pain. IASP has defined
neuropathic pain as: “Pain caused by a lesion or disease of the somatosensory nervous
system”. No specific definition is mentioned for nociceptive pain, however, chronic
inflammation is a particular pain-related event, recognized by chemical and inflam-
matory mediators, affecting nociceptive axons and resulting in lowered thresholds
of neuronal excitation [6]. CIBP is a unique type of pain with nociceptive and neuro-
pathic components but the exact mechanism remains unclear.

This chapter elaborates on the mechanism of action of bone cancer pain. Next, a
brief subsection of the bone anatomy & physiology. Finally, treatment options used
for CIBP and bone metastases are described, including CIBP models to assess novel
compounds and the mechanism of action.

2. Bone cancer pain
2.1 Bone anatomy, physiology and innervation

Bones can be classified by their shapes, i.e. flat, short, long and irregular bones
[7]. The most common bones that encounter metastasis of tumor cells are long
bones [8, 9], i.e. the tibia, femur and humerus, characterized by an extended
tubular diaphysis and round-shaped distal and proximal epiphyses [10]. The outer
part is covered with a fibrous layer and an inner osteogenic layer, the periosteum
and cambium layer, respectively [11]. The latter contains progenitor cells for the
bone building cells, osteoblasts [11]. Briefly, mesenchymal-derived cells are the
progenitors which are stimulated by the transcription factors core binding factor
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al (Cbfal), Osterix (Osx) and activating transcription factor 4 (ATF4) to initiate
osteoblastogenesis [12]. Matured osteoblasts secrete bone matrix until they become
resting osteoblastic cells (bone-lining cells) [7, 12, 13]. Behind the periosteum
are densely packed tube-like structures called osteons (Haversian system). One
osteon consists of several layers (lamella) with small gaps (lacunae) in between,
containing nutrient transportation cells, osteocytes, constituting 90 to 95% of
the bone cells present in the mature human skeleton [7, 13]. Osteocytes originate
from differentiated bone-linings cells after they are encapsulated by secreted bone
matrix and are suggested to coordinate the location of bone formation or resorp-
tion [12]. The packed osteons is the bone matrix, surrounding and protecting the
medullary cavity of the diaphysis, containing bone marrow, with a thin connective
tissue membrane separating both. The hematopoietic lineage in the bone marrow is
responsible for pre-osteoclastogenesis [14, 15]. The macrophage colony-stimulating
factor (M-CSF) stimulates the progenitor bone marrow cell for differentiation into a
pre-osteoclast, initiating the expression of the receptor activator of NF-kB (RANK)
receptor [16, 17]. The osteoblasts express the opposite part of the RANK receptor,
necessary for activation, the RANK ligand (RANKL). Upon activation of RANK by
RANKL the osteoblasts ensure that several activated pre-osteoclasts fuse together,
forming a larger multinucleated mature osteoclast [16]. A mature osteoclast is a
specialized macrophage with multiple mitochondria and lysosomes, prepared for
bone degradation [14, 15]. In addition, the cell-cell fusion process of pre-osteoclasts
forming a mature osteoclast has a checkpoint, the stromal cells, which have the
ability to interfere by secretion of Osteoprotegerin (OPG). This is a decoy receptor
able to bind excessive levels of RANKL, preventing over-population of osteoclasts
[9, 16, 18, 19]. Subsequently, the degradation of bone is initiated after maturation of
osteoclasts and their allocation to the site-of-destruction, where they form a closed
space, the resorption lacuna. Activation of H*-ATPase proton pump and CI/HCO;
exchanger by osteoclasts follows, in combination with the secretion of lysosomal
enzymes and active protease Cathepsin K into the lacuna [15]. The net effect of
this cascade is an acidic environment of pH + 4.5 to degrade the nearby bone cells
[9, 15]. This triad of RANK/RANKL/OPG that regulates osteoclast activation is an
important process in healthy bone physiology and plays an important role during
bone cancer pain development [16-20]. Finally, At the level where the diaphysis
reaches the proximal epiphysis, the medullary cavity is more spongy-like and is
called trabecular or cancellous bone. Both epiphyses are composed primarily of
spongy bone and a small quantity of compact bone, surrounded by cartilage [7].
Nociceptors are necessary to let the brain perceive CIBP, however, very
little is known regarding the innervation of bone with sensory nerve fibers.
Immunoreactivity studies have shown that sensory neurons are present in perios-
teum, cambium, bone matrix, Haversian canals and in bone marrow in the medul-
lary cavity, and no detection was found in the articular cartilage of the epiphysis
[21-29]. The density (nerves per unit area) of sensory fibers is largest in the perios-
teum, followed by bone marrow, mineralized bone and articular cartilage consist-
ing in a ratio of 100:2:0.1:0, respectively [9, 10, 28]. Up to 80% of the nerve fibers
innervating the bone have been shown TrkA positive [22], suggesting innervation
of mostly thin myelinated A3-fibers and unmyelinated C-fibers [9, 10, 29, 30]. It
seems that the fast conducting, highly myelinated Ap-fibers do not contribute, or
very scarcely, to the innervation of sensory neurons in the bone [29].

2.2 Epidemiology and primary vs. secondary tumors

The world health organization (WHO) report from 2014 predicted that a total of
19 million cancer cases exist globally in 2025 [18] and in 2018 a WHO press release
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announced that lung (2.09 million cases), breast (2.09 million cases), colorectal
(1.08 million cases) and prostate (1.28 million cases) are the most common [31].

All of these, except for colorectal, follow a high pattern of bone metastasis in 60

to 84% of the cases [9, 32]. In breast and prostate cancer patients particularly, it

is expected that 90% develop bone metastases [33, 34]. Additionally, there are
primary bone tumors that have their origin within the bone and the most common
type is an osteosarcoma with a worldwide incidence of 3.4 cases per million people
per year [35]. In pediatrics it accounts for 3 to 5% of the cancers and in adults less
than 1% [8]. Tumors can affect osteoblasts, resulting in osteoblastic lesions and in
contrast affect osteoclasts, causing osteolytic lesions [36]. Primary bone tumors,
e.g. osteosarcoma, are more osteolytic [37], prostate cancer seems more osteoblastic
and breast cancer osteolytic [38]. The latter two have been observed in 1/4th of the
cases to be mixed [39]. A specific group of well-known signaling proteins, the Wnt
pathway, is suggested to shift tumors towards an osteoblastic phenotype as blockage
showed a highly osteolytic tumor [40]. This pathway has been observed to directly
enhance osteoblast differentiation and bone formation, whereas indirectly inhibits
osteoclast differentiation and bone resorption by OPG production from osteoblasts
and osteocytes [41].

Some cancer patients encounter bone tumors without the presence of pain.
Unfortunately, 30 to 50% of the patients will experience mild to moderate pain and
in advanced cancer patients 75 to 90% have life-altering pain [37, 42]. The most
prevalent type of pain experienced is bone cancer pain [9, 17, 33], which patients
describe as a persistent presence of a dull ache that increases in intensity over time
[32]. They start noticing mechanical allodynia during normal activities, such as
coughing, turning in bed or gentle limb movements [43]. Furthermore, there is
incident pain, that occurs when the pain spontaneously intensifies as a result of
weight-bearing or during movement. Finally, there are breakthrough events of
very sharp intense pain that can happen during rest [9, 32]. These breakthrough
pain episodes occur in 40 to 80% of the patients with a median of 4 episodes per
day, lasting up to 30 minutes [44]. Particularly the incident and breakthrough pain
events are devastating for the quality of life and are considered as most difficult
pain conditions to treat [9, 33].

2.3 Mechanism of action of bone cancer pain

The Ad-fibers are recognized to be important in acute pain, whereas C-fibers
are the slower conducting sensors that account for physiological changes such as
“second pain” [9]. It has been observed during chronic pain that these start sprout-
ing and show enhanced spontaneous activity, ectopic firing, resulting in allodynia
and hyperalgesia [45-48]. Important surface channels and receptors of Ad- and
C-fibers involved in nociceptive signaling are TrkA, acid sensing ion channels
(ASIC), Transient receptor vanilloid-1 (TRPV1), P2X receptors, endothelin recep-
tor (ET-1), bradykinin receptor (B,R), prostaglandin (PGE,) receptor, the voltage-
gated sodium channels Nav1.7-1.9 and cytokine receptors [9, 18, 29, 49].

The mechanism of CIBP in osteoblastic lesions is poorly understood and the
most influential factors described are bone morphogenetic factors and endothe-
lin-1. The mechanisms in osteolytic lesions have been better elucidated [36]. First,
the infiltrating tumor cells start an interaction with the stromal cells, resulting in
a cascade of different pathways, shown in Figure 1. A primary effect on sensory
nerve fibers occurs as the secreted mediators, e.g. NGF, PGE,, transforming growth
factor-p (TGF-B), bradykinin, endothelin, cytokines (e.g. IL-1, IL-6, IL-8, IL-11
and IL-17) are ligands for the receptors and cause excitation of the nerve fibers
[17, 22, 29, 50-53]. It has been shown in a rat CIBP model that IL-6 plays a pivotal



Bone Cancer Pain, Mechanism and Treatment
DOI: http://dx.doi.org/10.5772/intechopen.95910

Key events Tumor cell
e &)
s Osteoblast RANKL F o Decoy RANKL
Tumor cell infiltrates: P RANE f
k K
- o Osteoclast
* Disturbanece of oﬁ PpH ~4.5
RANK/RANKL/OPG L HATPase & C1/HCO?
Bone i i - e :
pue 3 g H
= Acidic microenvironment 1 P 4 3
Nerve
Nociceptive component: (© Tumor cell and stromal cells secrete: TNF, NGF, IL-6, ATP,
Bradykinin, Endothelin and TGF-§
* Directsensory nerve N pH~4.5 Brain ST
activation e . lssic ') TRPVI _4; «0,%9/
1] -
< W BT & ) N TG - o
»  Secreted mediators x ot g PR erve - I ey
upregulated RANKL ¥ Cytokines e

* IL-6 upregulates TRPV1 RANKL

« ) \
Neuropathic component: LJ

Ectopic firing
= Sprouting Tinngs - g
= Activatingmechano- a1 \’L,}/ 1]
sensitive nerve fibers - Nerve Gf moah in;t'.mes
Damage & denervation O
sprouting

= Ectopicfiring

* Mechanenociception

Figure 1.

The cascade of events responsible after infiltration of a tumor cell, vesulting in CIBP with a nociceptive
and neuropathic component. First, disturbance of the RANK/RANKL/OPG triad. Next, the nociceptive
component; an acidic environment occurs, directly activating sensory nerve fibers and secreted mediators
contribute to the upregulation of RANKL. In addition, the neuro-inflammatory mediator upregulates
TRPVi1 channels. The neuropathic component; nerves ave damaged and denervate, resulting in ectopic
firing and sprouting and an enlarged tumor activates mechano-sensitive nociceptors. The NGF/TrkA is
pivotal in the process of sprouting and thereby for hypersensitivity. RANK = receptor activator of NF-xB,
RANKL = RANK ligand, OPG = osteoprotegerin, Na.v1.7-1.9 = sodium channels, P2X = purinergic
receptor, TrkA = Tromomyocin receptor kinase a, NGF = nerve growth factor, ET1 = endothelin receptor,
B,R = bradykinin receptor, ATP = Adenosinetriphosphate, IL-6 = interleukin-6, ASIC = acid-sensing ion
channel, TRPV1 = transient receptor vanilloid-1, TGF-p = transforming growth factor-, TNF = tumor
growth factor.

role by sensitizing nociceptive fibers, mediating peripheral and spinal sensitiza-
tion [54] by upregulation of TRPV1 receptors via JAK/PI3K signaling in dorsal
root ganglia neurons [55]. In addition, PGE,, TGF-f, IL-1, IL-6, IL-8, IL-11 and
IL-17 showed to be involved in a secondary effect, namely the ability to increase
the expression of RANKL and decrease OPG [17, 19, 52, 56]. TGF- is also released
by the bone matrix and stimulates osteolytic bone destruction of cells close to the
tumor cells [56]. The normally present OPG that serves as a peace-keeper between
osteoclasts and osteoblasts is overwhelmed by the excessive amounts of RANKL,
resulting in exaggerated activity of osteoclasts [19]. Consequently, osteoclastogen-
esis is initiated resulting in many resorption lacunae creating an acidic environment
[20]. Additional pro-inflammatory cells become active, secreted cytokines bind
their designated receptors and proton (H" & Na*) amounts increase, lowering the
pH and thereby triggering P2X7 and TRPV1 receptors, and ASICs [1, 20, 49]. The
rapid Na® influx is associated with ASICs and a second slow current activated at
pH < 6.2 is typical for TRPV1 [20]. Subsequently, tumor cells release NGF, tumor
necrosis factor (TNF), IL-1 and IL-6, chemokines and endothelins which contrib-
ute to further develop an acidic environment [32]. This could be the explanation
regarding the difficulty of treating CIBP [29].

Next to the nociceptive component of CIBP is the neuropathic component,
caused by damage or denervation of nerves, pressure of tumors on the nerves
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and sprouting. The degradation of bone and the damage that occurs can activate
mechanosensitive ion channels, e.g. TRPV, ASIC and P2X7 [29, 57, 58]. Activated
NGF regulates the maintenance of the peripheral sensory neuron system and
initiates sprouting of adjacent non-injured afferents upon injury or denervation,
resulting in collateral sprouting [59, 60]. Random sprouting of sensory neurons
co-expressing TrkA was shown in prostate cancer metastases [9, 48] and similar in
breast cancer metastases [47]. Hypersensitivity occurs as a result of sprouting, caus-
ing sensitization of sensory nerves, which in its turn induces mechanonociception
(by Ad-fibers) [59]. Changes also have been shown to occur in the central nervous
system in the spinal cord where the excitatory synaptic transmission mediated
through A-8 and C-fibers was enhanced [61].

On the one hand, it is suggested that the increase in activated osteoclasts causes
the development of CIBP while on the other hand the secreted mediators directly
exciting sensory nerve fibers is suggested to be the primary explanation [17, 51].
Nevertheless, all these multidisciplinary factors — neurological, oncological and
immunological — contribute to CIBP and while they are described extensively, the
exact mechanism remains to be elucidated.

3. Treatment of bone cancer pain

When a patient experiences bone cancer pain, the first step of therapy is tumor
eradication, i.e. via chemotherapy and radiation, unfortunately in <50% of the
patients the pain levels will return to pre-treatment levels [62]. Radiotherapy,
described as the golden standard palliative therapy, shows full pain relief in 25% of
treated patients, however, only after a month [29]. Different radiotherapy protocols
showed a single radiotherapy fraction (8Gy) provides equal pain palliation compared
to multiple fractions (30 or 20 Gy in 10 or 5 fractions, respectively) [63]. Low frac-
tionated radiotherapy also caused a higher incidence of pathological fractions at site of
irradiation [1]. Chemotherapy is an option for the treatment of CIBP when the tumor
histology is more nociceptive, the patient did not previously receive chemotherapy
and when the tumor is chemosensitive [64]. However, oxaliplatin and paclitaxel are
used for animal models of induced-neuropathy to investigate hypersensitivity [65, 66].

3.1 Bisphosphonates

Bisphosphonates are agents that are often used to treat pain as a symptom [67].
They act by inhibiting farnesyl diphosphate synthase in phagocytic cells, e.g.
osteoclasts, macrophages and microglia, thereby decrease extracellular acidification
and consequently reduce ASIC- and TRPV1-mediated activation of nociceptive
primary afferents located in bone [67]. Other effects of bisphosphonates unrelated
to farnesyl diphosphate synthase inhibition that have been suggested are interac-
tions with purinergic receptors, e.g. P2X7. The bisphosphonate zoledronate exerted
an analgesic effects in rat CIBP models [68]. It is the most widely used bisphospho-
nate, also observed to significantly reduce CIBP in clinical practice for breast cancer
metastases [69], being 100 to 1000 times more effective than pamidronate [70].
Furthermore, anti-inflammatory effects have been indicated where alendronate
inhibited TNF-a, IL-1, IL-6 and NGF [67].

3.2 Monoclonal antibody therapy

Monoclonal antibody therapies have the ability to interfere with tumor-induced
processes, e.g. RANK/RANKL, NGF/TrkA, and inhibit or avoid cytotoxic T
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lymphocyte [71]. A hand full of these therapies have been FDA approved for
cancer therapy and a small amount has been tested in breast, prostate or lung
cancer metastases [71]. Tanezumab is a monoclonal antibody interfering with
NGF/TrkA and has been described unbeneficial in one CIBP study [72], however,
has also been shown to attenuate late stage cancer pain [73]. Denosumab is another
monoclonal antibody and acts by interfering with the interaction between RANK/
RANKL, capturing RANKL, resulting in osteoclast inactivation [74]. Denosumab
has been tested as treatment in breast cancer metastases and while it showed a
good activity profile for delaying or preventing skeletal related events, no direct
relief of pain has been described. Nevertheless, the delay and/or prevention of
skeletal related events would have an indirect pain-impairing potential as such
events are associated with pain and increased morbidity [75]. Denosumab did
show superiority concerning first on-study skeletal-related events compared

to zoledronate [76]. Similar outcomes were found by a meta-analysis of 4 RCTs
between denosumab and zoledronate [77]. Regarding the dosing, a study showed
no difference between 4-weekly and 12-weekly administration for denosumab and
the two bisphosphonates zoledronate and pamidronate, suggesting that incor-
porating 12-weekly dosing could benefit patients [78]. Denosumab seems to be
the only antibody therapy so far that is approved for direct treatment of skeletal-
related events with bone metastases from solid tumors and giant cell tumors of the
bone [71]. Ipilimumab is an antibody that activates the immune system, specifi-
cally, inhibits an inhibitory mechanism of cytotoxic T lymphocytes. It was tested
in metastatic prostate cancer in combination with radiotherapy and suggested
clinical antitumor activity [79]. Nivolumab therapy was recently tested in lung
cancer metastases into the bone and showed that 40% of the treated patients had
osteosclerotic change on CT scans, indicating successful treatment of bone lesions
[80]. The small amount of monoclonal antibodies used for bone metastases often
have skeletal related events as indication of efficacy but lack bone cancer pain as
direct outcome measure. Currently there are no recorded monoclonal antibodies
specifically targeting CIBP.

3.3 Analgesics: NSAIDs and opioids

Available options for the direct treatment of CIBP are analgesics. The WHO
has established a 3-step ladder as a guideline for analgesic prescription in 1986
and revised the version in 1996 with a quick guide to opioid availability [81].
Afterwards, the stigma on opioid prescription was broken and received acceptance
as treatment for (chronic) pain conditions [82-84]. The 3-step ladder starts with
non-opioids (Step 1) for mild pain, weak opioids + non-opioids and adjuvants for
mild to moderate pain (Step 2), and strong opioids + non-opioids and adjuvants for
moderate to severe pain (Step 3) [85].

First in line are NSAIDs that inhibit the enzyme cyclooxygenase-2 (COX-2),
responsible for PGE synthesis [64]. A challenge with NSAIDs is that they reach a
ceiling effect in analgesic efficacy [81, 86]. Increasing the doses does not result in
increased efficacy, conversely, side effects worsen, further impairing the quality
of life of patients [86, 87]. Second in line are weak opioids, e.g. codeine, tapen-
tadol or tramadol, in combination with adjuvants, indicating proven analgesic
efficacy in bone cancer pain [88]. There are three classical opioid receptors, e.g.
the -, 6- and k-opioid receptors (MOP, DOP and KOP receptor, respectively) and
the later discovered Nocicpetin/OrphaninFQ opioid peptide (NOP) receptor [89].
These receptors are G-protein coupled receptors and upon activation initiate an
intracellular cascade resulting in 1) the inhibition of adenylate cyclase (respon-
sible for cAMP production), 2) opening of inwardly rectifying K* channels and
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3) closing of voltage-gated Ca’* channels [89]. Caution must be exercised with
weak opioids as the rate of metabolism by Cytochrome P450 enzymes defines
analgesic efficacy and side effects. In addition, codeine seemed effective for only
1 month until strong opioids were necessary for adequate analgesia [90, 91]. A
randomized RCT trial showed significant impairment of cancer pain by low-dose
morphine compared with weak opioids, with similar tolerability and an earlier
effect, suggesting low-dose morphine can be used [90, 92]. This forwards the
therapy option towards Step 3 and to date, the first choice to treat moderate to
severe pain with strong opioids remains morphine [90, 93]. MOP receptor drugs
have shown superior analgesic efficacy and have been used for centuries as they
seem to be the most potent analgesics [94]. Available options for administration
are oral and transdermal, showing similar efficacy, and advocated is the use of
epidural or intrathecal pumps if relief is inadequate [90]. Concerning side effects
of MOP receptor drugs are addiction and dependency. The opioid crisis is prove
and accounted for 33.000 deaths per year in the US by opioid misuse [94-96].

In addition, cancer survivors showed higher opioid prescription compared to
controls [97]. The total estimated economic burden due to opioid addiction,
dependency, abuse and overdose is $78.5 billion, from which $28.9 billion is due to
increased health care and abuse treatment [98]. Furthermore, analgesic efficacy
of MOP receptor compounds is affected by long term opioid treatment as toler-
ance develops over time [99, 100]. This is inevitable in cancer patients since high
doses are required for pain management [101]. The mechanism that contributes
pre-synaptically to tolerance remains to be elucidated but TRPV1 receptor upregu-
lation in spinal cord and dorsal root ganglions has been shown to accompany
tolerance [99, 100].

Challenging is to find analgesics with a similar potency and efficacy compared
to MOP receptors, without dependency and addiction. Targeting the DOP and KOP
receptor showed efficacious pain relief with a lower abuse potential, making them
promising targets for treating pain [102]. Specifically for CIBP, both DOP and KOP
receptor agonists showed pain attenuation in animal models of CIBP [103, 104]. It
has been shown that a selective KOP receptor agonist blocked pain without alter-
ing bone loss, tumor size or cancer cell proliferation [105]. Additionally, a DOP
receptor agonist showed equal analgesic efficacy and 4.5-fold potency compared
to morphine in a mouse CIBP model [106]. Despite potential analgesic efficacy,
MOP receptor agonists remain the clinical mainstay [107, 108]. Interest in the NOP
receptor increased after the discovery of similar, yet distinct features compared to
the classical opioids [109]. The effects of classical opioids are immediately blocked
by naloxone and independently of administration location, they attenuate pain.
The analgesic NOP receptor effect remains after naloxone and interestingly, spinal
or peripheral activation exerts anti-nociceptive effects, while supra-spinally it acts
pro-nociceptive [85, 109]. Following these discoveries, the NOP receptor showed
anti-rewarding and anti-abuse effects in rodents [85, 110-113]. Furthermore, NOP
receptor expressing Chinese Hamster Ovary cells showed rapid internalization
after activation and a quick recycle process to reactivate receptors occurred at the
membrane, potentially reducing the development of tolerance. However, com-
pensatory mechanisms that remain to be elucidated may be overlooked [114]. The
NOP receptor has been specifically used to target CIBP and both the endogenous
ligand Nociceptin and a synthetic selective NOP receptor agonist (Ro65-6570)
showed significant analgesia [85]. Furthermore, NOP receptor activation down-
regulates IL-6 production [115] and is suggested to inhibit T cell proliferation
[116]. Altogether, the anti-rewarding and anti-abuse effects, cytokine produc-
tion involvement and selective attenuation of CIBP, makes the NOP receptor an
interesting target.
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3.4 Primary vs. secondary tumor treatment

Differences should be kept in mind when treating tumors, nevertheless, anti-
NGF antibody therapy has been observed to relief early and late stage CIBP in a
primary bone tumor model and a metastatic-like prostate bone cancer model [37].
In addition, zoledronate has been shown effective in reducing the risk of skeletal
related events in multiple myeloma, prostate and breast cancer bone metastasis
[117]. Denosumab indicated superiority to zoledronate in preventing skeletal
related events in bone metastasis compared to solid tumors, suggesting a treatment
option for bone metastasis [118]. Primary bone tumors are characterized by high
complexity and heterogeneity in genomic alterations and are therefore challenging
for developing targeted therapeutic strategies [41] which also may not satisfactorily
address their metastatic counterparts [119].

3.5 Non-pharmacological interventional treatment

The WHO analgesic ladder has proven to be very helpful, nevertheless, an
estimated 12% of patients remains inadequately treated for CIBP [120]. Therefore,
a fourth step has been proposed that includes interventional approaches to provide
a minimal acceptable quality of life [120-122]. As such, percutaneous neurolysis is
performed using chemical agents or thermal energy upon celiac plexus, splanchnic
nerve, superior hypogastric plexus, brachial plexus and epidural and intrathecal
[120, 122]. Commonly used neurolytic agents are absolute alcohol (diluted to 50%
alcohol), 6% aqueous phenol and 6% phenol in glycerine [120].

Finally, PET/CT allows the distinction between osteolytic and osteoblastic lesions
and thereby detect more subtle responses to treatment regimens [123]. Using CT in
the surgical planning could shift the priority of debulking dense bone to surgical
reconstruction when bone metastasis is more osteolytic instead of osteoblastic [39].

4. Bone cancer pain: research techniques

The current treatments are often targeted against pain as a symptom and therapy
options specifically for CIBP are rare. To elucidate the complex mechanism of action
of CIBP and develop novel analgesics, further research is warranted. As such, i vitro
techniques are an option, however, these capture a minor aspect of the complexity
and as long as no technique exists that simulates this, iz vivo research is inevitable.
Nevertheless, it should be conducted highly ethically and additional regula-
tions were established in 2009 to maintain the animals’ welfare by following 3R’s
(Reduction, Refinement and Replacement) [124]. Furthermore, to test a nociceptive
phenotype in a comfortable manner, more focus is towards animals’ ethological
and evolutionary preserved behavior. Finally, the in vivo model that is used should
represent the disease and clinical symptoms as close as possible. Three criteria are
important in the validation of animal models [125], 1) Face validity: the biology and
symptoms as seen in humans are similar in the animal model, 2) Predictive valid-
ity: if the clinical intervention has an equal response in the animal model and 3)
Construct validity: the target one is investigating exerts the same biological pro-
cesses in both organisms, e.g. opioid receptors are responsible for pain relief.

4.11In Vivo models for bone cancer pain

At start, to reflect metastases as closely as possible, cancer cells were injected
either intravenously or intra-cardially. Face validity is achieved but uncontrolled
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In vivo Models for Bone Cancer Pain

1 II
B16 murine B16 murine
melanoma cells melanoma cells
(Arguello, Baggs & (Fidler & Kripke 1977) Intraosseous
Frantz 1988)

I ¢ Intra-femoral

-
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11 v v
NCTC-2472 murine MRMT-1 rat Walker 256 rat
sarcoma cells mammary cancer cells mammary cancer cells
(Schwei et al. 1999) (Medhurst etal. 2002) (Brigatteetal. 2007)

Figure 2.
A representation of the different in vivo models to study cancer induced bone pain.

growth of tumors occurs [32, 126, 127]. Next came the technique of injecting
osteosarcoma-derived mesenchymal cells (NCTC-2472) directly into the long
bones of mice [128]. This technique indicates good face and predictive validity,
resulting in a controlled late-phase CIBP model, reflecting the clinical course

with a comparable responsiveness to systemic opioid treatment [32, 128]. Finally,
construct validity had been optimized using syngeneic cell lines (originating from
the same species). The first example was rat mammary gland carcinoma cells
(MRMT-1 cell line) inoculation into the tibia of rats [129]. The main characteristics
after inoculation of cancer cells are: development of allodynia and hyperalgesia,
progressive tumor growth, profound destruction and rebuilding of bone and no
external tumor growth into other organs. In addition, upregulation of TNF-a,
Interferon- y (IFN-y), IL-1p, IL-4, IL-10 and IL-6 occurs in tumor-bearing animals
[49, 130]. Fine-tuning occurred with another rat breast cancer cell line (Walker
256 cells) inoculated into the tibia [131]. This model has been reviewed extensively
and develops spontaneous pain, hyperalgesia, allodynia as well as ambulatory pain,
indicates progressive tumor growth with osteolysis and no external growth, includ-
ing upregulation of IL-1B, NGF, PGE,, IL-6 and TNFa [132]. This model has been
subjected to a detailed pharmacological profiling using standard analgesic drugs for
CIBP in a clinical setting and is suggested to be one of the most suitable preclinical
models for novel compound identification and assessment [132, 133]. No study

has been conducted comparing the Walker 256 model with the MRMT-1 model
(Figure 2).

5. Conclusion

Cancer-induced bone pain (CIBP) causes life-altering pain in 75 to 90% of the
advanced stage cancer patients. The movement-induced incident and breakthrough
events cause a severe impairment of the quality of life of patients and explain the
difficulty to treat this unique type of pain. There remains a high unmet medical
need for CIBP treatment since around one-third of the advanced cancer patients
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is still undertreated [90]. Apparent from the mechanism of actions is that CIBP
concerns distinct processes and could be treated by pharmacological and non-phar-
macological options. Strategies are to combine therapies, such as co-administration
of zoledronate via a new innovative nano-agent with cisplatin and alendronate for
breast cancer metastases and bone resorption, showing remarkable inhibition of
tumor cell proliferation, osteoclast activation and bone pain relief [134]. Mixed
ligands are another strategy, such as Cebranopadol, a mixed NOP/Opioid receptor
ligand, indicating antinociceptive and antihypersensitive effects in a rat model of
CIBP [135]. A meta-analysis comparing the efficacy of NSAID, opioids and mono-
clonal NGF antibodies indicate the latter provide superior pain relief, noteworthy is
that this was in osteoarthritis [136]. As new strategies are arising, bisphosphonates
and denosumab are the first-line therapies for bone metastases [38] and continu-
ing research is warranted to elucidate the CIBP mechanism for identifying novel
analgesic compounds.
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Chapter 2

Imaging of Pediatric Benign Bone
Tumors

Jignesh Shah and Ankita Chauhan

Abstract

Benign bone tumors in the pediatric population can have varied clinical
presentations ranging from asymptomatic to nonspecific pain, swelling, or patho-
logical fracture. A systemic imaging approach should be utilized to evaluate for
focal bone abnormalities. Radiologists must be aware of salient imaging features of
pediatric benign bone tumors, as it helps to guide clinicians for further management
and help decreasing patient anxiety and unnecessary medical intervention.

Keywords: Pediatric benign bone tumors, Osteoid Osteoma, Enchondroma,
Non-Ossifying Fibroma

1. Introduction

Primary benign bone tumors are more common than malignancies in children.
The patient’s age and lesion location are two critical factors when evaluating for a
bone tumor. The initial imaging modality to evaluate for a bone tumor is radiogra-
phy. Radiographs confirm the presence and location of a tumor, assist in the for-
mulation of differential diagnosis, characterize the tumor, and guide in selecting
further imaging. Cross-sectional imaging is helpful for tissue characterization and
for evaluating the extent of the lesions. The patient’s age helps to narrow down the
differential diagnosis.

2. Classification

Pediatric benign bone tumors based on the peak age of occurrence:
Child (0-10 years).

Eosinophillic Granuloma.

Simple bone cyst.

Adolescent (10-20 years).

Aneurysmal bone cyst.

Chondroblastoma.

Chondromyxoid fibroma.

Fibrous dysplasia.

Osteochondroma.

Nonossifying fibroma/fibrous cortical defect.
Osteoblastoma.

Periosteal chondroma.

Simple bone cyst.
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Adult:

Enchondroma.

Giant cell tumor.

Osteoblastoma.

Brown Tumor (Hyperparathyroidism).

The location of the lesion in the bone can help narrow down the differential
diagnosis.

Pediatric benign bone tumors based on location in the long bones:

Epiphysis:

Chondroblastoma.

Giant cell tumor.

Metaphysis:

Aneurysmal bone cyst.

Chondromyxoid fibroma.

Enchondroma.

Nonossifying fibroma/fibrous cortical defect.
Osteochondroma.

Simple bone cyst.

Diaphysis:

Fibrous dysplasia.

Nonossifying fibroma/fibrous cortical defect.
Osteochondroma.

Osteofibrous dysplasia.

Simple bone cyst.

Aneurysmal bone cyst.

Enchondroma.

Some lesions are solitary, and others are multifocal at presentation. The
following are the examples of multifocal pediatric benign bone lesions:

Brown tumors (hyperparathyroidism).

Cystic angiomatosis/lymphangiomatosis.
Enchondroma (Ollier disease, Maffucci syndrome).
Fibrous dysplasia (McCune-Albright syndrome).
Infiltrate myofibromatosis.

Langerhans cell histiocytosis.

Nonossifying fibroma (Jaffe-Campanacci Syndrome).
Osteochondroma (Diaphyseal Aclasis).

Chronic recurrent multifocal osteomyelitis (CRMO).

The following features are characteristic for nonaggressive benign bone lesions
and help differentiate from aggressive malignant bone lesions:

Well-defined margins with a narrow zone of transition.

Expansion of bone from slow growth.

Smooth periosteal new bone formation.

Absence of an associated soft tissue mass.

Some benign bone tumors are adequately defined by radiographs and do not
require any further imaging for diagnosis or treatment. However, most bone tumors
require additional imaging; this may be in the form of CT, MRI, scintigraphy, PET
scanning, and rarely ultrasound. The choice of imaging for a given tumor depends
on the differential diagnostic considerations, possible treatment options, and
whether the lesion is aggressive or nonaggressive.

Classification of pediatric bone tumors according to matrix or tissue type:
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Cystic lesions: Unicameral (simple) bone cyst, aneurysmal bone cyst.
Osteoid matrix lesions: Enostosis, osteoma, osteoid osteoma, osteoblastoma.
Chondroid matrix: Enchondroma, chondroblastoma, chondromyxoid fibroma,

osteochondroma, juxtacortical chondroma.

Fibro-osseous lesions: Nonossifying fibroma, fibrous dysplasia, osteofibrous

dysplasia.

Fat containing lesions: Lipoma.
Vascular malformations: Hemangioma.
Giant cell tumors: Giant cell tumor.
Others: Langerhans cell histiocytosis.

3. Primary benign bone tumors by tissue type
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Cystic bone lesions:

1.Simple bone cyst:

A simple bone cyst is also called a solitary cyst or unicameral bone cyst (UBC).
A simple bone cyst is a common benign nonneoplastic lucent bony lesion
mainly seen in childhood and typically asymptomatic. Approximately 85% of
unicameral bone cysts occur in children and adolescents [1]. There is 2-3:1
male predominance [2]. During the active phase, the cyst increases in size and
remains close to the physis. The latent phase cysts are found farther from the
physis and usually do not continue to grow. Cysts may appear to migrate into
diaphysis, but actually, it is the growth plate that migrates away from the cyst.
The lesions are usually asymptomatic and found incidentally, although the
adjacent joint’s pain, swelling, and stiffness can also occur. The most frequent
complication is a pathologic fracture, and this is usually the cause of
presentation. 75% of patients come in with a pathologic fracture [3].
Pathologically, the cysts contain clear serosanguineous fluid surrounded by
fibrous membranous lining. The proximal humerus is the most common
location (in 50-60% of cases) [4]. The second most common location is the
proximal femur.

On radiography, bone cysts are located centrally in the medullary cavity
within the metaphysis. Most cysts are less than 3 cm in short-axis diameter but
may be much larger in the long axis. The cyst wall is well-defined and
sclerotic; the overlying cortex is thinned, and the lesion may be mildly
expansile (Figures 1A, 2A). Following a fracture, a fragment of bone may be
seen dependently within the cyst, called a fallen fragment sign, considered
pathognomonic for a simple bone cyst [5] (Figure 3A).

Computed Tomography (CT) scan and Magnetic Resonance Imaging (MRI)
can help exclude other entities that can potentially mimic a simple bone cyst
such as an intraosseous lipoma, fibrous dysplasia, eosinophilic granuloma,
giant cell tumor, nonossifying fibroma, or aneurysmal bone cyst. The CT scan
helps to delineate the cyst and confirms a fallen fragment. MRI confirms the
cystic nature of the lesion. The fluid contents are low signal on T1 and high
signal on T2-weighted imaging (Figure 1B and C). In contrast, the cyst lining
enhances, but the contents do not (Figures 1D, 2C). Occasionally, when
presenting with intralesional hemorrhage from fracture, fluid-fluid levels may
be seen representing internal degraded blood products. The internal
hemorrhage may evolve into septations that can be demonstrated on MRI
(Figure 2B).
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On scintigraphy, the unicameral bone cyst appears as a focus of photopenia
(cold spot). It may have increased uptake peripherally, and a photopenic
center sometimes referred to as a doughnut sign. However, a pathologic
fracture would cause an increased radioisotope activity.

Figure 1.

Simple Bone Cyst: Frontal radiograph of the vight femur demonstrates a well-circumscribed, lytic, proximal
metadiaphyseal lesion (white arrow) with a navrow zone of transition and vepresents a simple bone cyst (A).
There is no fracture. On the coronal MR sequences (B-D), the simple bone cyst (white arrows) shows an
intermediate signal on T1-weighted sequence (B), a homogeneous increased signal on T2-weighted imaging (C),
and peripheral rim enhancement on the post-contrast T1-weighted fat-saturated imaging (D). A simple bone
cyst is treated by bone grafting. Fluoroscopic spot image of the right femur (E) confirms that the osteolytic lesion
is cemented by the bone graft material (white asterisk).

Figure 2.

Simple Bone Cyst: Frontal radiograph of the vight humerus (A) demonstrates an expansile civcumscribed lytic
lesion (white arrow) in the proximal diaphysis with a narrow zone of transition. It has scalloped margins,
suggesting chronicity. No cortical breach is demonstrated. Coronal T2-weighted fat-saturated MR image (B)
reveals heterogeneous hyperintense signal of the simple bone cyst (white arrow) with a few thin linear T2-
hypointensities (septations; black arrow) within. The bone cyst (white arrow) demonstrates peripheral rim
enhancement on the post-contrast T1-weighted fat-saturated image (C).
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Figure 3.

Simple Bone Cyst: Frontal vadiograph of the right femur (A) demonstrates a pathological fracture (thick
arrows) through a circumscribed expansile lytic proximal meta-diaphyseal lesion (white arrow). It represents a
simple bone cyst with the characteristic fallen-fragment sign (yellow arrow). A follow-up post-treatment
frontal radiograph of the right femur (B) shows graft material (white asterisk) cementing the bone cyst and a
transfixed healing fracture with good periosteal reaction (black arrow).
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The larger cysts with or without fracture are usually treated with curettage
and bone grafting [6] (Figures 1E, 3B). The fractured cyst tends to heal
spontaneously. The prognosis is excellent, although 25% of bone cysts recur
after curettage [7]. Cyst aspiration with corticosteroid injection or
sclerotherapy has also been used for treatment. Intervention is usually not
required for an asymptomatic lesion.

2. Aneurysmal bone cyst:

An aneurysmal bone cyst is a benign, radiolucent, expansile, and hemorrhagic
lesion of uncertain etiology. Pathologically, the lesion comprises numerous
blood-filled nonendothelialized channels separated by connective tissue of
bone or osteoid tissue and osteoclastic giant cells. Aneurysmal bone cyst
affects 0.14 per 1,00,000 of the population [8]. There may be a slight female
predominance. 75-90% of cases occurred before the age of 20 [9]. The patient
usually presents with nonspecific pain and swelling, and a minority of patients
(approximately 10%) present with pathological fractures. The lesions are most
commonly located in the metaphysis of long bones, the craniofacial bones, and
the spine; spinal lesions occur in the posterior elements.

The aneurysmal bone cysts are sharply defined on radiographs and appear as
expansile osteolytic lesions with thin sclerotic margins, frequently termed a
soap bubble lesion [10] (Figures 4A, 5A). If the lesion is wider than the
affected normal bone, an ABC should be considered. ABCs are typically
multiloculated, and the cortex is usually intact but maybe markedly thinned to
the point of being invisible, and the periosteal new bone may be present. CT
scan demonstrates these findings better and accurately assesses cortical breach
and extension to the soft tissues (Figure 5C). Additionally, the CT and MRI
demonstrate fluid—fluid levels, which are characteristic of the lesion

(Figures 4C, 5B). Fluid—fluid levels are due to the dependent location of
degraded blood products, especially methemoglobin, which has a much
shorter T1 relaxation time than hemoglobin. Fluid—fluid levels may be single
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Figure 4.

Aneurysmal Bone Cyst: Lateral radiograph of the left tibia (A) shows a well-civcumscribed, expansile, lytic
lesion (white arrow) involving the proximal tibial metadiaphysis. It demonstrates internal heterogeneity and
has a narrow zone of transition. Coronal T1-weighted image (B) reveals the multiloculated appearance of the
lesion (white arrow) and a predominantly intermediate T1 signal. No associated soft tissue swelling is noted.
Sagittal fat-saturated T2-weighted image (C) shows multiple fluid-fluid levels within the lesion (yellow
arrows), a characteristic imaging feature of an aneurysmal bone cyst.

Figure 5.

Aneurysmal Bone Cyst: Lateral radiograph of the pelvis (A) shows an expansile, circumscribed, lytic, proximal
femoral metaphyseal lesion (white arrow) with scalloped margins. On axial fat-saturated T2-weighted
imaging (B), the lesion shows multiple fluid-fluid levels within (yellow arrow), suggesting an aneurysmal bone
cyst. C and D are images of an aneurysmal bone cyst in the left pubic bone in a different patient. The
aneurysmal bone cyst appears as a well-circumscribed lytic lesion on CT (C). Coronal T1-weighted fat-
saturated post-contrast image (D) depicts heterogeneous and peripheral enhancement of the aneurysmal bone

cyst.
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or multiple and may be seen as varying horizontal levels within the separate
loculations [11]. The signal characteristics of the cyst contents depend on the
relative age and concentration of blood components. Abundant hemosiderin
may produce areas of low signal. On T1, the cyst is predominantly
hypointense (Figure 4B). Cyst contents do not enhance, but the septations
and wall do (Figure 5D).

It may not be possible to differentiate primary and secondary ABCs.
Approximately 30% ABC’s are secondary [12]. According to one study, the
most common reasons for secondary ABC are chondroblastoma and giant cell
tumor [13]. Secondary ABC can also be found in other lesions such as
osteoblastoma, chondromyxoid fibroma, fibrous dysplasia, and nonossifying
fibroma.

Treatment: Most ABCs are treated with curettage and bone grafting.
Recurrence rate is approximately 12-30% after initial treatment [14].
Percutaneous treatment with fibrosing agents has also been performed, either
in isolation or as a precursor to surgical excision. According to one institution’s
experience, many ABCs can be treated with polidocanol sclerotherapy [15].
Vascular embolization has also been used. MRI is helpful to identify any solid
components which can guide the surgeon for biopsy.

Bone lesions containing osteoid matrix:

1.Enostosis:

Enostosis, also known as the bone island, is a benign focus of compact
(cortical) bone located within the cancellous bone (medullary cavity). The
bone island is most commonly found incidentally. Pathologically, a bone
island is a normal cortical bone containing Haversian canals. There are
radiations of cortical bone blending into the normal cancellous bone at the
periphery of the lesion. The bone island is likely developmental, a normal
cortical bone that fails to resolve during the growth process of endochondral
ossification. The bone island is seen in adults far more frequently than
children. There is no gender predilection. The bone island is generally a
radiographic diagnosis. The bone island is a homogeneously dense lesion on
radiography, fading at the periphery and merging into normal marrow. The
periphery of the bone island is described as brush-like; may appear somewhat
stellate [16] (Figure 6A). There is no associated cortical destruction.
Polyostotic bone islands concentrated in the metaphyseal region are termed

Figure 6.

Enostosis: Frontal radiograph of left humerus (A) shows a civcumscribed focal sclevosis (white arrow) in the
proximal epiphysis with peripheral brush bovder extensions into the normal adjacent bone. Axial T1-weighted
(B) and T2-weighted fat-saturated (C) images reveal marked hypointense signal of the bone island.
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osteopoikilosis. Multiple sclerotic bone lesions can also be seen in patients
with tuberous sclerosis complex [17].

On CT scan, enostosis is a sclerotic lesion with peripheral brush border
extensions into the normal adjacent bone. Enostosis generally has a mean CT
attenuation above 885 Hounsfield units (HU), whereas untreated osteoblastic
metastases have mean CT attenuation below 885 HU, according to one study
[18]. On MRI, the enostosis demonstrates low signal on all sequences with
characteristic peripheral brush border extension into the normal bone

(Figure 6B and C). There is no postcontrast enhancement. On nuclear medicine
scintigraphy, if the lesion size is more than 1 cm, increased radiotracer uptake is
related to the osteoblastic activity. SPECT CT has a sensitivity of up to 90% in
detecting sclerotic bone metastases [19]. No treatment is required for enostosis.

2.0steoma:

Osteoma is a benign tumor that demonstrates well-differentiated bone
formation without aggressive features. Synonyms of osteoma include surface
osteoma, parosteal osteoma, ivory osteoma, Ivory exostosis, and hamartoma
of bone. Pathologically, osteoma is a hard white dense cortical bone. Many
osteomas demonstrate a mixture of bone types. Osteomas may contain
cancellous (trabecular, spongy) regions with a thin trabecular architecture
with fatty marrow; woven bone with a fairly mature matrix with prominent
collagen fibers; and lamellar (compact regions), which have narrow parallel
layers of mature bone matrix. Most commonly, osteomas are found
incidentally, with less than 5% of osteomas are symptomatic. The symptoms
may be related to the mass effect upon the adjacent soft tissue structures,
including proptosis, diplopia, sinusitis, mucocele, abscess as a complication of
sinus blockage. Osteoma affects all age groups, including children, although
most commonly diagnosed in the fourth and fifth decades of life [20]. The
male to female ratio is 2:1. More than 75% of osteomas are seen in paranasal
sinuses. The most common paranasal sinus affected is the frontal sinus (80%
cases) [21]. Gardner syndrome has a known association with osteoma.
Gardner syndrome is an autosomal dominant condition in which the patient
may also have multiple cutaneous and subcutaneous lesions (cyst, fibromas),
desmoid tumors, and multiple colonic polyps (colonic polyps in Gardner’s
syndrome have a marked propensity to develop adenocarcinoma).

In radiography and CT scan, the osteoma is seen as a homogeneous bone
density lesion due to well-differentiated lamellar bone formation. The borders
of osteomas are sharply demarcated (Figure 7A-D). There is no periosteal
reaction. On MRI, osteomas are seen as low signal intensity on all sequences,
without enhancement. Enhanced MRI or CT scan is best to evaluate
complications such as mucocele, pneumatocele, or abscess. Treatment is
required if intracranial or intraorbital extension, location near frontal sinus
ostium, more than 50% of the frontal sinus filled by osteoma or unrelenting
symptoms [22]. The endoscopic approach for resection is effective in low-
grade osteomas. In particular, the open approach, the osteoplastic flap
approach, is well tolerated for resection of higher grade osteomas [23].

3.0steoid Osteoma:

Osteoid osteoma is a benign tumor of osteoblastic origin. The osteoid osteoma
is often called “nidus” to distinguish it from surrounding reactive sclerosis
from host response. There may be a genetic basis in chromosome band 22q13
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Figure 7.

Osteoma: Sagittal image (bone algorithm, A) and coronal image (bone window, B) of the paranasal sinuses
reveal a compact and trabecular sclerotic polypoidal osteoma (black arrows) in the left ethmoid and sphenoid
sinuses, extending into the left maxillary sinus with associated occlusion of left osteomeatal unit and left
maxillary sinusitis (asterisk). Osteoma can also present as a less dense mass, as depicted by the rounded
heterogeneous dense mass in the left posterior ethmoid sinus on the axial CT image (C). Note the high Hounsfield
unit of the osteoma (D).
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in the patients with osteoid osteoma [24]. The osteoid osteoma contains a
central region of vascularized connective tissue that contains osteoblasts and
microtrabecular arrays lined by plump appositional osteoblasts. Around the
central region, there is a hypervascular sclerotic bone and an abrupt interface
between the central lesion and surrounding sclerosis. Osteoid osteoma is
relatively common, comprising 5% of all bone tumors and 11% of all benign
bone tumors [25]. The most common age range is 10-25 years with a male
predilection (Male: female is 3:1) [26]. The classic clinical presentation
includes pain, which worsens at night and is relieved by nonsteroidal anti-
inflammatory drugs. There is a gradual worsening of the pain over time.
Intracapsular lesions may present with signs of synovitis, joint pain, and
decreased range of motion. The spinal osteoid osteoma may present with
painful nonrotatory scoliosis and concave to the lesion’s side [27]. The most
common location is cortical diaphyseal, in 65-70% of cases. The most common
site involved is femur and tibia, which collectively account for 60% of osteoid
osteomas [28]. The nidus is generally less than 2 cm in size.

On radiography, osteoid osteoma appears as an oval lytic lesion located within
the dense cortical bone surrounding thickened sclerotic cortical bone

(Figure 8A and B). CT scan helps diagnose and specify the lesion’s location
(whether cortical versus subperiosteal or medullary) (Figure 8C and D). CT
scan is also helpful to guide percutaneous radiofrequency ablation or
cryoablation. The nidus is a round lesion on MRI, slightly hyperintense to
muscle on T1-weighted images and hyperintense on T2-weighted images.
There is avid arterial phase enhancement of the nidus following contrast
administration (Figure 8E). The surrounding cortical thickening and reaction
is low signal intensity on all sequences. In nuclear medicine scintigraphy, the
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Figure 8.

Osteoid Osteoma: Frontal radiograph of the vight femur (A) demonstrates an eccentric lucent area along the
medial femoral neck cortex (black arrow) with marginal sclerosis (white arrow). Lateral radiographic view of
the calcaneus (B) showing similar lesion with a central lucency surrounded by extensive sclerosis. Axial CT
image on the same patient confirms the eccentric location of the lucency that shows an eccentric hyperdense focal
speck within, suggesting nidus (C). Osteoid osteoma of the fibula in a different patient appears as a cortical-
based lucency with nidus within (black arrow) on axial CT image (D). Axial post-contrast T1-weighted fat-
saturated image (E) of the leg at the same level demonstrates enhancement of nidus (black arrow) and adjacent
soft tissue.

osteoid osteoma demonstrates intense round activity at the nidus, surrounded
by less intensity of reactive bone, often termed as double density sign [29].
The round focus can help distinguish from a stress reaction, which has more
linear activity. CT-guided radiofrequency ablation is most likely used to treat
osteoid osteomas with an 85-90% initial success rate [30]. Larger or
nonspherical lesions may require a second ablative procedure. The CT-guided
ablation requires careful planning of an approach to avoid complications.
Other alternatives include MR-guided laser ablation or ultrasound ablation.

4.,Osteoblastoma:

Osteoblastoma is a rare benign bone-forming tumor, also known as giant
osteoid osteoma. Pathologically, osteoblastoma contains elements of osteoid
production in the form of active formation of osteoid and immature bone
trabeculae. Aggressive osteoblastoma is characterized by epithelioid
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osteoblasts, which are significantly larger than normal osteoblasts. Histologic
differentiation between osteoblastoma and osteoid osteoma may be difficult.
The most commonly affected age group is 1st through third decades, with the
second decade being the most common [31]. Male:Female ratio is 2.5:1 [32].
The most common presenting symptom is dull, localized, gradually increasing
pain. The patient may present with neurologic symptoms if cord or nerve root
compression is reported in approximately 50% of spinal lesions [33].
Approximately 30-40% of osteoblastoma occurs in the spine or flat bones
[34]. In the spine, posterior elements are most frequently affected (in 94% of
cases). The osteoblastoma is usually expanded on imaging, maybe bubbly with
a thin cortex and variable degrees of mineralized matrix. There may be a
sclerotic margin in the majority of the cases. Matrix ossification and thin
cortical rim are more apparent on CT scan than x-ray (Figure 9A-C).

On MRI, osteoblastoma is homogeneous low to intermediate signal on T1-
weighted images and heterogeneous on fluid sensitive sequences depending
on the degree of matrix ossification (Figure 9D and E). The enhancement
ranges from mild to intense depending on the amount of matrix ossification.
There may be associated extensive peripheral marrow edema and associated
soft tissue edema due to the flare phenomenon [35] (Figure 10A-C). On
nuclear medicine scintigraphy, osteoblastoma demonstrates intense focal

Figure 9.

Osteoblastoma: CT Head axial (A, B) and coronal (C) images in the bone window reveal a circumscribed,
expansile, heterogeneous mixed lytic and sclevotic lesion (white arrows) involving the mastoid part of the left
temporal bone and has an extradural intracranial component superiorly. Coronal T2-weighted image (D) of
the brain at the level of mass (white arrows) reveals heterogenous increased T2 signal of the well-circumscribed
mass. Osteoblastoma (white arrow) shows an iso-to-hypointense T1 signal (E).

Figure 10.

Osteoblastoma: Axial MR images of the lumbar spine shows an expansile mass lesion involving the left lamina
and pedicle, encroaching in the spinal canal. It demonstrates heterogeneous hyperintense T2 signal (white
arrow) with subtle fluid-fluid levels (A). The lesion shows an intermediate T1 signal (B) and shows
heterogeneous enhancement as depicted in the T1-weighted post-contrast (C). The left posterior paraspinal
muscles demonstrate hyperintense T2 signal and post-contrast enhancement (black asterisks).

33



Recent Advances in Bone Tumours and Osteoarthritis

34

uptake. Surgical excision, in particular, marginal excision (curettage), is most
recommended if wide resection would results in functional impairment.
Incomplete excision may result in recurrence (14-24% reported in different
series) [36, 37]. Other treatment options include percutaneous thermal
ablation. Sporadic cases of osteoblastoma degenerating to osteosarcoma have
been reported [38].

Cartilage forming tumors:

1.Enchondroma: Enchondroma is a benign tumor of hyaline cartilage
originating in the medullary bone. Enchondromas arise from growth plate
cartilage rests and/or chondrocytes that subsequently proliferate and slowly
enlarge and are composed of mature hyaline cartilage. The most common
location of enchondroma is the medullary cavity of tubular bones.
Enchondroma accounts for 12-24% of all benign bone tumors and 3-10% of all
bone tumors [39, 40]. Approximately 35% of enchondromas occur in hands
[40]. In long bones, the proximal humerus is the most common location.
Enchondromas are usually detected incidentally on x-ray or MRI. The majority
of enchondromas are detected in the third through fifth decades of life [41].
There is no gender predilection. Enchondroma is the most common tumor of
the phalanges of the hand. The classic radiographic appearance of
enchondroma in the long bones is a metaphyseal lesion with ring and arc type
of chondroid mineralization without endosteal scalloping, cortical destruction,
or soft tissue mass (Figure 11A and B). In phalanges, the enchondroma
demonstrates an expansile lucent lesion with cortical thinning (Figure 11D and E).
The phalangeal enchondroma may present with pathologic fracture. On MRI,
the enchondroma demonstrates low to intermediate signal intensity on T1-
weighted images and lobulated high signal on fluid sensitive sequences.
Dynamic contrast-enhanced MRI may improve chances of differentiating
enchondroma from low-grade chondrosarcoma [42]. Treatment is usually not
required for small incidental lesions. For large symptomatic lesions, marginal
and/or wide resection should be considered. Sarcoma follow-up surveillance is
required if histologic findings showed low-grade chondrosarcoma.

Ollier disease is a nonhereditary, sporadic skeletal disorder characterized by
multiple enchondromas principally located in the metaphyseal regions. If
there are associated soft tissue hemangiomas, the syndrome is termed
Maffucci syndrome [43]. In Ollier disease, the enchondromas demonstrate
vertical streaks of lucencies in the columnar configuration, in metaphases of
long bones, extending to the epiphysis [43] (Figure 12B and C). The
phalangeal lesions are typically expansile with sharply defined scalloped
margins (Figure 12A). There is an approximately 25-30% risk of
chondrosarcoma in the setting of Ollier disease [44]. Corrective surgery is
required if there are complications such as growth impairment, deformity
such as leg length discrepancy.

2.Chondroblastoma: Chondroblastoma is a benign cartilage tumor arising in the
epiphysis of skeletally immature individuals. More than 75% of
chondroblastomas occur in long bones [45]. The most common location is
epiphysis, with possible extension to metaphasis. Chondroblastoma may have a
genetic basis in structural anomalies involving chromosomes 5 and 8 [46].
Macroscopically, there are nodules of relatively mature cartilage surrounded by
highly cellular tissue. Giant cells are usually present in the tumor. The most
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Figure 11.

Enchondroma: Frontal radiograph of the distal femur (A) and proximal femur (B) in two different patients
reveal the chavacteristic vings and arcs pattern of chondroid mineralization (yellow arrows). The lateral
radiograph of the forearm (C) shows an expansile lytic lesion (white arrow) in the mid-diaphysis of radius. It
demonstrates a narrow zone of transition without any periosteal reaction or associated soft tissue swelling. A
frontal radiographic view of the proximal phalanx of the little finger (D) shows a well-defined eccentric
osteolytic lesion (white arrow). The frontal radiograph of the index finger (E) shows an expansile well-
circumscribed osteolytic lesion (white arvow) with a chondroid matrix. The black arrow points to a cortical
breach concerning a pathological fracture.

common presenting symptom is mild localized pain, which refers to joint. The
most common age range affected is 10-25 years old. Males are more frequently
affected than females (nearly 2:1). Chondroblastoma comprises less than 1% of all
bone tumors and approximately 9% of benign bone tumors [47]. The
chondroblastoma is a geographic lytic lesion with sclerotic margins in most
lesions on radiography and CT scan. The lesion may contain chondroid matrix
calcifications. The lesions are eccentrically located within the epiphysis with
extension into metadiaphysis as they enlarge. There may be an associated cortical
expansion or thinning (Figure 13A-C). On MRI, the lesions are typically low
signal on T1 and inhomogeneously high signal on fluid sensitive sequences. The
inhomogeneity is related to the chondroid matrix, calcification, and fluid within
the lesion [48] (Figure 13D-F). Curettage and bone grafting is the surgical
treatment of choice. Radiofrequency ablation may be considered in small lesions.

3.Chondromyxoid fibroma: Chondromyxoid fibroma is a benign lobulated
cartilaginous tumor. Approximately 60% of chondromyxoid fibromas occur in
long bones, with the proximal tibia being the single most frequent site. Genetic
basis has been described in the literature in the form of clonal abnormalities of
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Figure 12.

Ol%z'l;r’s disease: Frontal radiograph of the left hand (A) demonstrates multiple circumscribed lucent areas
(white arrows) in hand with a sharp zone of transition. Frontal vadiograph of the right femur (B) shows
vertical streaks of lucencies (black arrows) extending from diaphysis towards epiphysis. Frontal radiograph of
the right tibia and fibula (C) reveals an expansile enchondroma in the proximal fibular metaphysis (white
arrows) and a not that much expansile enchondroma in the tibial metadiaphysis.

Figure 13.

Chondroblastoma: Frontal radiographic view of the left pelvis (A) shows a calcified mass of the left ischium and
pubic bones. Coronal bone window (B) and axial soft tissue window (C) images demonstrate an expansile
osteolytic lesion (white arvows) with a well-defined lobulated margin and chondroid matrix (black arrow).
Chondroblastoma demonstrates a hypointense T1 signal (white arvow; D) with a peripheral sclevotic rim.
Coronal (E) and axial (F) T2-weighted fat-saturated images veveal heterogeneous hyperintense T2 signal of the
mass (white arvows) with extensive peritumoral edema.

chromosome 6 and pronounced expression of type II collagen, which is unique
compared with other cartilaginous lesions. Microscopically, the lesion is
lobular with stellate cells in the myxoid background. The most common
presenting symptom is mild chronic pain. The mean age of presentation is

23 years, with 50 percent of patients are in the second decade at presentation.
There is slight medial predominance. On radiography and CT, the lesions are
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Figure 14.

Chondromyxoid fibroma: Bone window (A) and soft tissue window (B) axial CT head images show a well-
defined lobulated lytic lesion (white arrows) involving the mastoid and petvous parts of the right temporal bone
and clivus. A note is made of the low attenuation value of the CMF lesion and absent calcifications. On the T2-
weighted image (C), the CMF lesion demonstrates a peripheral hypointense sclevotic rim with an intvinsic high
signal (white arrow). It shows a hypointense T1 signal (D) and shows thick peripheral enhancement (E). MR
features to support the diagnosis of the chondromyxoid fibroma (CMF).

geographic with sclerotic margins. The lesions typically occur in metaphysis or
diaphysis, which are oriented along the longitudinal axis of the bone.
Approximately 60% of lesions are eccentric, with evidence of lobulation and
thinning of the cortex (Figure 14A and B). Pseudotrabeculations within the
lesion give the appearance of septations [49]. There is an absence of periosteal
reaction without pathologic fracture. On MRI, the lesion is typically isointense
to skeletal muscle on T1-weighted images, and on fluid sensitive sequences,
the lesion is centrally hyperintense with a peripheral band of intermediate
signal. There is a peripheral nodular enhancement or diffuse postcontrast
enhancement [50] (Figure 14C-E). The lesions are typically treated with
marginal excision with curettage and bone grafting. The recurrence rate is
approximately 3-22% [51].

4.0steochondroma: Osteochondroma is cartilage capped exostosis with
continuous cortex and marrow extending from the underlying bone.
Osteochondroma most commonly arises from metaphysis or metaphyseal
equivalents. Approximately 95% of them are located in extremities; the femur is
most commonly affected [52]. Microscopically, the inner layer is composed of
normal bone; the middle layer is composed of cartilage cap with superficial
clusters of chondrocytes, and the outer layer is composed of perichondrium,
which is continuous with the periosteum of the underlying bone. The most
common presenting symptom is a chronically present hard swelling. It may
present as mechanical pain from trauma or impingement. Vascular complications
include pseudoaneurysm formation and arterial or venous stenosis/thrombosis.
Increasing pain and/or mass enlargement following skeletal maturation suggest
degeneration to chondrosarcoma [53]. Osteochondromas could be sessile or
pedunculated. On radiography and CT scan, the pedunculated osteochondroma
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demonstrates a narrow stalk with cauliflower exostosis (Figure 15D), and the
sessile osteochondroma is broad-based (Figure 15A and C). If near the joint,
osteochondroma tends to project away from the joint line, growing along the
forces generated by the location of the tendons and ligaments. The pelvic
osteochondromas could become very large before discovery. Rib lesions may
present with pneumothorax. Endochondral calcification may be seen within the
cartilage cap and medullary bone as the rings and arcs, punctate or flocculant
calcification. The overlying cartilage cap is generally thinned, not evaluated by
radiograph. Degeneration of the lesion to chondrosarcoma is suggested by
osseous destruction, change in calcifications, or enlargement of the cartilage cap
as evidenced by distortion of the fat planes. On MRI, the cortex of the lesion is
contiguous with the underlying bone. The overlying hyaline cartilage cap has a
lobulated high signal on fluid-sensitive sequences covered by thin
perichondrium and demonstrates a low signal on T1 and T2 sequences [54]
(Figure 15E and F). Surgical resection of the osteochondroma is recommended
when the cartilage cap thickness is greater than 1 cm. In one study, the use of

2 cm as a cutoff for distinguishing benign osteochondromas from secondary
chondrosarcomas provided sensitivities, specificities, positive predictive values,
and negative predictive values of 100%, 98%, 96%, and 100%, respectively, for
MR imaging and 100%, 95%, 93%, and 100%, respectively, for CT [54].
Treatment is mostly watchful waiting. Resection of the osteochondroma is
recommended when there are mechanical complications such as bursa
formation, nerve irritation, or impingement. Resection of the entire
perichondrium is required to avoid recurrence. Chondrosarcoma is typically
treated by wide surgical resection.

Multiple hereditary exostoses, also known as diaphyseal aclasis, is an
autosomal dominant condition in which there are multiple sessile and
pedunculated osteochondromas. Approximately 90% of patients have a
positive family history of this condition [55]. There is a symmetric widening
of the metaphysis with the normal underlying bone. Sessile osteochondromas

Figure 15.

Osteochondroma: Axial CT bone algorithm image (A) of the mid thorax shows a focal bulge in the anterior
right rib (white arrow) with cortical continuity, a finding also appreciated on the longitudinal grayscale
ultrasound image (B). It represents a sessile osteochondroma, another example of which is C (white arrow).
Frontal radiograph of the left tibia (D) reveals a pedunculated osteochondroma (white arrow) noted in the
metaphyseal vegion, with the cortex of the parent bone (tibia in this case) contiguous with that of the lesion, and
the lesion is directed away from the joint. The T2-weighted fat-saturated coronal (E) and axial (F) images
reveal the T2 hyperintense cartilage cap (yellow arrows) of that osteochondral lesion (white arrows).
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Figure 16.

Trevor disease: Frontal radiograph of the right shoulder demonstrates an osteochondroma arising from right
proximal humeral epiphysis, suggesting Trevor Disease (A). Sagittal bone window image of ankle demonstrates
an osteochondroma arising from Talus (B).

are more common than pedunculated osteochondromas. There is an
approximately 3-5% incidence of degeneration to chondrosarcoma [56].
Radiography is the 1st line modality to evaluate for this condition. MRI can be
performed to evaluate the thickness of the cartilage cap and evaluate for
complications from the mass effect. If the lesion is superficial, ultrasound can
also be used to evaluate for thickness and irregularity of the cartilage cap.
Surgical resection is performed if there are complications from mass effect or
evidence of degeneration to chondrosarcoma.

Trevor disease, also known as dysplasia epiphysealis hemimelica, is an
extremely rare, nonhereditary disease in which the osteochondromas arise
from the epiphysis. It affects approximately one in 1 million population [57].
Only one epiphysis is involved in the localized type, although multiple
epiphyses are affected involving the entire extremity in generalized type.
There is the presence of an exostosis arising from the epiphysis on
radiography and CT scan (Figure 16A and B). Surgical excision of mass is
usually performed to preserve the joint.

5.Juxtacortical chondroma: Juxtacortical chondroma is a chondroid tumor
arising in the periosteal layer of tubular bones. It is a rare benign tumor
comprising less than 2% of chondromas [58]. The most common age range
affected is second through fourth decades. Although, it may occur in children.
Juxtacortical chondroma is a surface lesion arising from the metaphysis of the
tubular bone-producing chondroid matrix. The lesion is located in the proximal
humerus and femur in 70% of cases. On radiography, there is saucerization of
the cortex with sclerotic margins and matrix calcification (in 75% of cases)
(Figure 17A). There may be associated soft tissue mass. On MRI, the lesion is
lobulated with iso to hypointense T1 signal and hyperintense T2 signal with
heterogeneous predominantly peripheral enhancement (Figure 17B-E). The
tumor demonstrates slow local progression. Wide surgical excision is the most
appropriate treatment for lesions greater than 3 cm in size [59].

Fibro-osseous lesions:

1.Fibrous cortical defect: Fibrous cortical defect is the most common benign
bone lesion [60]. The most common location is usually metaphysis or
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metadiaphysis junction of the femur or tibia. On radiographs, the fibrous
cortical defects are eccentric cortically based lucent lesions with mineralized
rim (Figure 18A and B). There is no involvement of the underlying medullary
cavity. There is no periosteal reaction. The fibrous cortical defects are typically
hypointense on T1 weighted images and hyperintense on T2-weighted images
(Figure 18C and D). The signal intensity depends on the stage of healing.
Fibrous cortical defects are typically seen incidentally on radiographs. These
are no-touch lesions (no treatment is required). Benign fibro-osseous lesions
may be metabolically active on FDG PET CT exam and should not be confused
with metastases [61].

Figure 17.

]ua%tl;cortiml chondroma: Frontal radiograph of the left tibia and fibula (A) demonstrates a well-defined distal
tibial metadiaphyseal lucent lesion (white arvow) with underlying cortical saucevization or scalloping (yellow
arrows) and subjacent cortical sclerosis. It demonstrates a hypointense T1 signal (B) and an increased T2 signal
(C). T1-weighted fat-saturated pre (D) and postcontrast (E) images demonstrate peripheral enhancement of
the chondroma lesion (white arrow).

Figure 18.

Fibrous cortical defect: Frontal (A) and lateral (B) radiographs of distal femur demonstrate eccentric lucent
intracortical defect (white arrows) outlined by a rim of sclevosis. Note that there is no involvement of the
underlying medullary cavity, and there is no periosteal veaction. The lesion (white arrows) demonstrates a
hypointense T1 signal (C) and increased T2 signal with a peripheral hypointense sclerotic vim (D).
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2.Nonossifying fibroma: Nonossifying fibroma is a benign fibrous lesion
composed of spindle cells in a collagenous matrix. Nonossifying fibroma is
generally greater than 3 cm in greatest dimension (as opposed to a fibrous
cortical defect less than 3 cm in diameter) [62]. Nonossifying fibroma typically
originates in the metaphysis and is cortically based, most commonly found
around the knee and distal tibia. It can be multifocal in 8% of cases. Multifocal
nonossifying fibromas may be associated with neurofibromatosis (Jaffe-
Campanacci syndrome). Nonossifying fibroma is usually asymptomatic;
however, it could present with pathological fracture. It is typically seen in the
first and second decade of life.

Radiographic and CT appearance depends on the morphologic age of the
lesion. Initially, the lesion appears as a lytic, geographic area with a thin
sclerotic margin (Figure 19A and B). During early filling phases, it has a
thicker sclerotic margin forming peripheral bone. During late stages, the
lesion may be entirely sclerotic with usual remodeling to normal bone type
appearance. On MRI, the lesion is hypointense to skeletal muscle on T1 and
heterogeneous on fluid sensitive sequences with low signal areas and
hyperintense areas (Figure 19C and D). The regions of low signal areas are
fibrous elements and hemosiderin. There is peripheral and septal
enhancement following contrast administration. No cortical destruction or
soft tissue mass lesion is demonstrated. No treatment is required in a vast
majority of cases. If there is a risk for pathologic fracture due to the size of the
lesion, curettage and bone grafting can be performed. Syndromic form of
multiple nonossifying fibromas has a higher rate of recurrence after surgical
removal [63].

3.Fibrous Dysplasia: Fibrous dysplasia (FD) is a developmental disorder
characterized by the replacement of normal bone by immature bone and
cartilaginous tissue. Most cases are sporadic and are related to a mutation in
the GNAS1 gene. GNAS gene codes for the stimulatory alpha subunit of
guanine nucleotide-binding protein, and its mutation result in persistent
adenyl cyclase activation leading to osteoblastic proliferation. FD comprises

Figure 19.

Non-Ossifying Fibroma: Frontal and lateral radiographs of femur demonstrate an eccentric cortically based
radiolucent lesion with sclerotic margin in distal meta-diaphysis (A, B). On MRI of the same patient, the lesion
demonstrates predominantly hypointense signal on T1 and heterogenous signal on STIR due to fibrous elements
and hemosiderin (C, D).
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about 5-7% of all cases of benign tumors [64]. It can involve any bone and any
part of the bone.

Four clinical presentations of FD have been described [65]:

1.Monostotic FD (70-80% of all FD): Single bone is involved (Figure 20) with
craniofacial involvement in 10-27% of cases. It generally manifests at
10-30 years of age. FD lesions do not demonstrate an increase in size after
puberty.

2. Polyostotic FD (20-25%): Multiple bones are affected (Figure 21).
Craniofacial involvement is seen in 40-100% of cases. It usually manifests
before age 10. Polyostotic FD lesions, in some cases, increase in size even after
puberty.

3.McCune-Albright syndrome (3%): It is characterized by café-au-lait skin
macules, polyostotic fibrous dysplasia, and endocrine hyperfunction disorders
(precocious puberty, pituitary adenomas secreting growth hormone,
hyperthyroidism, and autonomous adrenal hyperplasia). Increased growth and
recurrence of the FD lesions are seen [66]. Some examples include the classic
“Shepherd’s crook” deformity of the femur, coxa vara, and scoliosis resulting
from spinal FD.

4.Mazabraud syndrome: It is characterized by the coexistence of polyostotic
fibrous dysplasia lesion and intramuscular myxomas.

Generally, FD lesions are lytic and well-defined but can look like almost any-
thing and are not associated with soft tissue swelling. The radiographical features of
FD can vary from ground-glass appearance, purely cystic (completely lucent)
lesions, mixed cystic and sclerotic lesions, to sclerotic lesions. They may demon-
strate a geographic (circumscribed) pattern with or without a sclerotic border or
appear as expanded lesions with or without associated endosteal scalloping. CT
accurately delineates margins of the FD lesions and helps in detecting subtle frac-
tures [67]. FD lesions demonstrate different CT patterns depending upon the
patient’s age, varying from homogeneous dense lesions in the pre-pubertal life to a

Figure 20.

Fibrous dysplasia: Left humerus radiograph (A) demonstrates an expansile diaphyseal lesion (white arrow)
with a ground-glass matrix. The lesion (white arrows) demonstrates hypointense T1 signal (B), heterogeneous
but predominantly incveased T2 signal (C), and heterogeneous postcontrast enhancement (D).
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Figure 21.

McCune Albright syndrome: Radiographs (A-C) of the right humerus, left elbow and distal leg demonstrate
extensive polyostotic fibrous dysplasia (white arrows) with associated deformities. Axial CT head bone
algorithm image (D) demonstrates the characteristic ground-glass appearance of the cranium (yellow arrow)
and diffuse widening of diploic space. Axial T2-weighted MR image (E) reveals a heterogenous mixed pattern
of low and high SI within the expansile lesion. Also demonstrated is the heterogeneous T1 signal of the thickened
calvarium (yellow arrow) in fibrous dysplasia (F).

mixed lucent-dense pattern between ages of 10-20 years, and some of these lesions
may appear ground-glass in adult life. Diagnosing FD lesions purely by MRI is
highly challenging because of the highly variable signal demonstrated by these
lesions. Typically, the T1 signal is related to the ratio of fibrous tissue to the
mineralized matrix, with the FD lesions with high fibrous component showing an
intermediate T1 signal, compared to the low signal intensity of lesions with the
highly mineralized matrix. The metabolically active fibrous component appears
hyperintense on T2-weighted imaging and demonstrates intense enhancement
because of high vascularity [68]. Franz et al. described the “milk cloud appearance”
of the ground-glass FD lesions on contrast-enhanced T1-weighted MR imaging [69].

Active FD lesions demonstrate increased uptake on 18F-FDG PET/CT imaging
(18F-NaF is a bone-seeking positron-emitting radiopharmaceutical) which is cur-
rently the imaging modality of choice to evaluate FD activity [70].

In most cases, no treatment is required. Curettage and bone grafting is an option
if there is a risk for pathologic fracture due to the size of the FD lesion. Persistent
moderate-to-severe bone pain of FD can be controlled by intravenous
bisphosphonate therapy. However, it should be started only after ensuring the
normocalcemic status of the patient and dental evaluation (to decrease the risk of
osteonecrosis of the jaw) [71].

3.1 Histiocytic/Langerhans cell lesions

Langerhans cell histiocytosis (LCH)/Eosinophilic granuloma: Langerhans cell
histiocytosis is neoplastic proliferation of Langerhans cells/histiocytes in the
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Figure 22.

Eosinophilic granuloma: Skull radiograph (A) demonstrates a punched-out lucent lesion (white arrow)
without a mineralized vim. Sagittal bone window image of the thoracic spine (B) reveals a collapsed vertebral
body, namely "vertebra plana" (black arrow). Frontal vadiograph of left tibia (C) showing an expansile well-
defined osteolytic diaphyseal lesion (white arrow)with a benign periosteal veaction. Axial CT bone window
image (D) at the level of the diaphyseal lesion demonstrates a punched-out lucent lesion (white arrow). MR
images reveal intermediate T1 signal (E), heterogeneous increased T2 signal (F), and thick peripheral
enhancement (F).

reticuloendothelial system. These cells produce prostaglandins which are responsible
for medullary bone resorption. The incidence of LCH is approximately 1 in 200 000
children [72]. Flat bones are most commonly involved in approximately 65-70% of
cases. Skull is the most common site of involvement in flat bones. The monostotic
form is more common, seen in approximately 70% of cases [73]. The mean age at
diagnosis is typically 5-10 years. Classic radiographic/CT appearance includes solitary
or multiple punched-out skull lesions without sclerotic rim (Figure 22A). There is a
typical beveled edge appearance due to the asymmetrical involvement of inner and
outer tables. Spinal lesions may present with vertebra plana (complete collapse and
flattening of vertebral body) (Figure 22B). When present in long bones, the eosino-
philic granuloma is a permeative aggressive appearing lesion with possible associated
endosteal scalloping, periosteal reaction, and soft tissue mass (Figure 22C and D).
The lesion may present in any part of bone but most commonly affects diaphysis. On
MRI, these lesions are hypointense on T1, hyperintense on T2/STIR with diffuse post-
contrast enhancement (Figure 22E-G). Whole-body PET/CT can be utilized to eval-
uate polyostotic disease and monitor for response to therapy. LCH commonly
undergoes spontaneous resolution. If the symptoms persist, excision and curettage
are the treatment of choice.

3.2 Giant cell lesions

Giant cell tumor: Giant cell tumor (GCT) of bone, a benign but locally aggres-
sive tumor, comprises multinucleated giant cells interspersed with mononuclear
stromal cells. It comprises 20% of all benign bone tumors and 5% of all primary
bone tumors. GCT is more prevalent in females and between 20 and 30 years (80%
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of cases occur between 20 and 50 years of age). It is rarely seen in the pediatric age
group (3% of cases occur before age 14). Though GCT mainly involves long bones,
any bone can be affected. The most common location of GCT is around the knee
(distal femur and proximal tibia), followed by the distal radius and sacrum [74].

Campanacci and Enneking’s clinic radiological staging of GCT: Stage I-The lesion
is restricted to the marrow, and bone contour is not affected (cortex may be thinned
out); Stage II- Cortical bulging without any signs of rupture; Stage III- Cortical
breach with an invasion of soft tissues [75].

Typical radiographic presentation of GCT is that of a circumscribed, eccentric,
epiphyseal lytic lesion that extends to the subchondral bone in patients with closed
physis. GCT demonstrates a “soap bubble” appearance on radiographs and CT
because of bony septae (Figure 23A and B). The MR features of GCT are
nonspecific. Most commonly, GCT shows hypointense T1 signal and heterogeneous
T2 signal (due to collagen content of fibrous components of GCT and deposition of
hemosiderin) [76] (Figure 23C-F). Contrast administration helps in delineating
solid and cystic components. On scintigraphy, there is increased Technetium 99 m-
methylene diphosphonate uptake along the periphery of the lesion with central
photopenia. An aggressive GCT may demonstrate expansile remodeling, cortical
thinning or destruction, a wide zone of transition, and associated soft tissue. Fluid—
fluid levels within GCT suggest secondary aneurysmal bone cyst (ABC) formation.

Though intralesional procedures (such as curettage and cement placement) are a
preferred approach to treat GCT, they are complicated by recurrence because of
residual tumor tissue. He et al. described marginal infiltration as the “paintbrush
borders” sign on MRI and advocated it as an independent prognostic factor for local
recurrence of GCTB after intralesional curettage [77]. In advanced GCT,
Denosumab is recommended for immediate local control and facilitates surgery
later [78].

Figure 23.

Giant cell tumor: Frontal radiograph of the left ankle (A) demonstrates a circumscribed lytic lesion (white
arrow) in the talus. Axial CT bone window image (B) better depicts the lobulated lytic lesion (white arrow)
with scalloped margins. The lytic lesion (white arrow) demonstrates a heterogeneous hyperintense T2 signal
(C). On the T1-weighted image (D), the lesion is isointense to muscle. Post-treatment MR images reveal dense
hypointense signal on both T1-weighted (E) and T2-weighted (F).
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3.3 Vascular lesions
3.3.1 Intraosseous hemangioma

Intraosseous hemangioma (IH) is a benign, slow-growing vascular neoplasm.
Though it mainly involves the vertebrae and craniofacial bones, it can rarely involve
long bones (mainly intramedullary in metadiaphyseal region; rarely cortical or
subperiosteal) [79]. IH are usually identified in females between the age of 30—

50 years. The most common pathologic type is cavernous hemangioma. On radio-
graphs, intraosseous hemangiomas may show a “sunburst” or “honeycomb”
appearance. On CT, IH may demonstrate the classic “polka dot” sign (due to
associated coarse appearance of the trabecular bone), honeycomb appearance of the
lytic lesion (because of internal linear trabeculations), or a spiculated “Irish lace”
pattern. MRI helps in better delineation of location and extent of the hemangioma.
On MRI, IH demonstrates intermediate to high T1 signal, high T2 signal, and diffuse
or peripheral enhancement with signal intensity similar to the adjacent vessels [80]
(Figure 24A and B). Most of the IH lesions are asymptomatic and need no treat-
ment. Symptomatic vertebral hemangiomas without neurologic deficits can be
managed by radiotherapy [81].

3.4 Tumor mimickers

1.Brodie Abscess: Brodie Abscess is an intraosseous abscess associated with

subacute pyogenic osteomyelitis and can often be confused as a bone tumor.
There is typically an insidious onset with systemic inflammatory signs, and
symptoms are often absent [82]. Staphylococcus aureus is the most common
organism involved. It typically occurs in the metaphysis of long bones, with
proximal and distal tibial metaphyses are most commonly involved. On
radiography/CT, Brodie abscess is typically a metaphyseal radiolucent lesion
with a sclerotic rim along the long axis of the bone (Figure 25A). If a lucent

Figure 24.

Intraosseous hemangioma: Sagittal MR images of lumbar spine reveal a focal well-circumscribed signal
abnormality in the vertebral body (white arrows) that is hyperintense on both T2-weighted (A) and
T1-weighted (B) images vepresent a small vertebral hemangioma.
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Figure 25.

ngzllie Abscess: Frontal radiograph of the left knee (A) shows a lucent area (white arrow) with a faintly
sclevotic peripheral rim in the proximal tibial epi-metaphyseal vegion. B demonstrates the "Penumbra sign"
with rim lining of the abscess cavity (white arrow) with higher signal intensity than that of the remaining
abscess on T1-weighted imaging. The abscess shows increased T2 signal (white arrows; C-D) and peripheral
rim enhancement (white arrows) on the postcontrast images (E-F).

Figure 26.

Brown tumor: Frontal radiograph of the left knee (A) shows an eccentric, well-defined, lytic lesion (white
arrow) in the proximal tibial epi-metaphyseal region with associated thinning and expansion of cortex. Similar
appearing lytic areas (white arrows) are identified in the distal radius (B), pelvic bones and proximal right
femur (C), and distal radius and ulna and proximal fifth metacarpal (D). Color flow ultrasound image of the
neck (E) demonstrates a well-defined hypoechoic solid parathyroid mass (yellow arrow). The parathyroid mass
appears as a hot spot (yellow arrow) on nuclear imaging scan (F).
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tract extends to physis, diagnosis of Brodie abscess is strongly suggested. There
may be associated periosteal reaction. On MRI, there is a T1 hypointense
center with T1 hyperintense rim due to peripheral vascularized granulation
tissue lining the abscess cavity, which is also termed as “MR penumbra sign”
[83] (Figure 25B-E). There is typical rim enhancement following contrast
administration (Figure 25F). Brodie abscess is usually treated with surgical
curettage and antibiotic therapy [82].

2.Brown Tumor/Osteitis Fibrosa Cystica: Brown tumor, also known as osteitis
fibrosa cystica is the skeletal manifestation of hyperparathyroidism, most
commonly related to parathyroid adenoma. Parathormone induces osteoclastic
activity, which results in multifocal bone cyst formation and osteopenia. The
name brown tumor is derived from color resulting from hemosiderin
deposition. Brown tumor is rare, seen in less than 3% of cases of
hyperparathyroidism [84]. On radiography/CT, these lesions are typically
multifocal well-defined radiolucent lesions with expansion and thinning of the
overlying cortex (Figure 26 A-D). SPECT or planar scintigraphy using Tc-
99 m sestamibi shows high radiotracer uptake in parathyroid adenoma
(Figure 26F). Fusion SPECT-CT can aid in further localization. Brown tumor
usually resolves after treatment of hyperparathyroidism in the form of surgical
resection of parathyroid adenoma or medical treatment depending on the
cause.
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Abstract

Giant cell tumor of bone (GCTB) is mostly a benign disease of the bone, although
with high local recurrence rate and potential for metastatic spread, namely to the lungs.
It is also a locally aggressive tumor, associated with severe morbidity and functional
impairment due to bone destruction. Treatment is therefore required and should be
offered at an early stage to allow complete resection, minimizing functional sequelae
and local recurrence. Surgical resection is the mainstay of treatment, often followed by
intralesional adjuvant therapy. GCTB has a particular biology, in which RANKL repre-
sents a key factor in tumor pathogenesis, thus making this molecule a valuable thera-
peutic target. Monthly administration of denosumab, a fully human monoclonal
antibody directed against RANKL, has been studied in several clinical trials and shown a
high rate of local control with favorable safety profile. In this chapter, current medical
management, ongoing studies, and future directions in GCTB will be discussed.

Keywords: denosumab, giant cell tumor of bone, RANKL, sarcoma,
sarcomatoid transformation

1. Introduction

Giant cell tumor of bone (GCTB) is a primary tumor of bone usually arising in
the meta-epiphysis of long bones, although potentially also occur in other parts of
the skeleton, such as the spine or pelvis [1]. GCTB more often affects young patients
in the second to forth decades of life [1, 2] and those living in urban (rather than
rural) areas [3]. It is also associated with Paget’s disease [4]. The condition presents
with localized pain, tenderness to touch, palpable mass, and decreased range of
motion, as well as mechanical pain and joint swelling in patients with presentation
near joints [5]. Rarely, it may present with pathological fracture [4].

GCTB is mostly a benign disease, but local recurrence rates are high and there is
a small risk of metastatic spread, namely to the lungs [1, 6]. Risk factors for
pulmonary metastases include young age, Enneking stage 3, local recurrence, and
axial disease, but not treatment modality [6, 7]. Pulmonary metastases most often
appear three to four years after initial diagnosis and rarely are the cause of death
[8]. However, when GCTB metastasizes, mortality rate rises to 14-25% [8, 9].

Despite being a rare event, GCTB can also undergo malignant sarcomatoid
transformation [10]. In these cases, malignant GCTB can present with three histo-
logic subtypes: osteosarcoma, fibrosarcoma, or undifferentiated pleomorphic
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sarcoma. This usually occurs following multiple recurrent lesions (e.g. Paget’s dis-
ease) and/or radiation therapy [5].

Multicentric GCTB in another rare form of tumor presentation, characterized by two
or more distant lesions of histologically confirmed disease [11]. These lesions can present
as synchronous (more common) or metachronous. Although multicentric GCTB
appears to have demographic differences (patients are young and more commonly
female), disease behavior — including local recurrence rates, pulmonary metastases
pattern, and malignant transformation — seems to be similar to solitary GCTB [11].

Radiologically, GCTB presents as an osteolytic lesion with characteristic radiolu-
cent and geographic (well-circumscribed) appearance and fading cortical bone,
rarely showing periosteal reaction. GCTBs are usually eccentric masses in the epiph-
yseal region extending to subchondral bone (sclerotic metaphyseal margin) [5, 12].

Besides a high degree of suspicion in radiological exams (plain films, computed
tomography [CT], and magnetic resonance imaging [MRI]), GCTB diagnosis must
be histologically confirmed by core-needle or open biopsy [5]. Still, plain radio-
graphs, CT scan, and MRI are useful for diagnosis and local staging. MRI is often
performed to delineate neoplasm extent, namely soft tissue extension. Additionally,
bone scintigraphy helps ruling out other asymptomatic bone lesions and chest CT
scan should be performed to exclude lung involvement and guide treatment.

Based on radiological findings and according to Enneking and later Campanacci
grading systems, GCTB can be classified in three grades [7, 13]:

* Grade I (latent): well-defined margin (thin rim of mature bone) and intact
cortex (not deformed).

* Grade II (active): relatively well-defined margins but no radiopaque rim;
cortex is thinned and moderately expanded. Grade II lesions with fracture are
graded separately.

* Grade II (aggressive): indistinct borders and cortex destruction, suggesting
rapid and permeated growth.

This surgical staging system allows preoperative planning. Post-operatively,
GCTB can also be graded based on histological features in grade 1 (typical), grade 2
(aggressive), or grade 3 (malignant) [14].

Due to lack of long-term follow-up data, GCTB prognosis is not well established to
date [15]. However, the overall prognosis of benign GCTB is generally favorable. Recur-
rence rates are estimated at 25% [15] and can be as high as 50% after curettage alone [16].
Systemic treatment with bisphosphonates or denosumab seems to lower these figures
[17]. Although secondary lung involvement is rare in benign GCTB and very uncom-
monly the cause of death, mortality rate is higher in these patients (14-25%) [8, 9, 18].
Regarding malignant GCTB (either primary or secondary), overall survival at 5 years is
about 85% and poorest in older patients and those with distant disease at diagnosis,
according to a Surveillance, Epidemiology and End Results (SEER) study involving 117
cases of malignant GCTB [19]. Smaller studies may indicate worse survival rates [20].

2. GCTB biology and pathogenesis
2.1 Histopathology

GCTB is histologically characterized by diffuse growth of receptor activator of
nuclear factor kappa-B ligand (RANKL)-positive, round-to-oval polygonal or
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elongated mononuclear stromal cells, RANK-positive mononuclear cells of myeloid
linage, and RANK-positive osteoclast-like giant cells, reflecting a physiopathology
intimately linked to the RANKL/RANK pathway [17, 21, 22] (Figure 1). Small areas
of osteoid matrix deposition, woven bone, and occasionally new bone are also
observed in about 50% of GCTB samples, with different studies reporting an
incidence between 22 and 52% [23].

The characteristic giant cells in GCTB are osteoclastic in nature [24-28] and
represent the reactive component responsible for GCTB aggressive lytic behavior,
leading to GCTB designation as osteoclastoma. These cells express RANK but not
RANKL [26]. Profiling studies have shown that giant cells in GCTB are the result of
CD33+ pre-osteoclast fusion that further fuse with CD14+ mononuclear cells [27]
and express tartrate-resistant acid phosphatase (TRAP) and vitronectin receptor,
osteoclast markers, being capable of lacunar resorption [29].

However, in GCTB neoplastic cells are ovoid stromal cells, displaying markers of
mesenchymal stem cells derived from the osteoblast lineage, but minimal expres-
sion of fully differentiated osteoblasts, like osteocalcin, alkaline phosphatase,
osteoprotegerin (OPG), and TRAIL [29-33]. Twist-mediated downregulation of
RUNX2, a major osteogenic regulator, has been shown to interrupt osteoblastic
differentiation and depress osteoblast lineage markers in GCTB [34].

GCTB stromal cells express high levels of RANKL [27] and also produce other
osteoclastogenic cytokines, like interleukin (IL)-1, —6, —11, and — 17, tumor
necrosis factor-alpha (TNF-a), and macrophage colony-stimulating factor (M-
CSF), through which osteoclast differentiation is stimulated from precursor cells
[26]. Other characteristics supporting their neoplastic nature include dominance,
increased proliferative potential, abundance of genetic alterations, and expression
of more differentiation markers than multinucleated giant cells [22]. GCTBs are
polyclonal in nature, with inconsistent chromosomal changes and telomere associa-
tions occurring in up to 72% of cases, although lacking prognostic value [35-38].
Mononuclear stromal cell-exclusive mutation p.G34W (or p.G34L, p.G34M, p.
G34R, or p.G34V in a small sub-set of cases) in the H3F3A gene, encoding histone
3.3 (H3.3) variant implicated in epigenetic reprogramming and memory, has been
identified as GCTB-specific driver mutation [30].

Because G34W mutations occur more frequently than chromosomal abnormali-
ties and can be causative risk factors for chromosomal structural remodeling in
DNA synthesis, it has been hypothesized that this driver mutation causes chromo-
somal instability and defects, contributing to pleiotropic effects on cell cycle-related
expression, immature osteoblastic differentiation, and chemokines, cytokines, and
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Figure 1.
Representative images of RANKL (A) and RANK (B) immunohistochemistry in formalin-fixed and
paraffin-embedded GCTB samples. (unpublished data).
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surface markers expression [22, 37]. Additionally, mutations in cyclin D1, p53, and
MET have been linked to malignant transformation and GCTB recurrence [22].

Biologically, Wnt/f-catenin and transforming growth factor beta (TGF-B) sig-
naling pathways mediate the exacerbated proliferation of stromal cells in GCTB. f-
catenin, cyclin D1, and p21 have been shown to be overexpressed in the nuclei of
GCTB stromal cells [39]. Additionally, one study showed that protease activated
receptor-1 (PAR-1) is also upregulated in GCTB downstream of TGF-p, via Smad3
and Smad4 [40]. In the study, PAR-1 knockout in GCTB stromal cells inhibited
tumor growth, angiogenesis, and osteoclastogenesis in vitro and PAR-1 inhibition
suppressed tumor growth and giant cell formation iz vivo.

2.2 Physiopathology

GCTB physiopathology is not entirely understood, but there is compelling evi-
dence that RANKL overexpression by mononuclear stromal cells plays a key role
and elicits transformation of monocytic pre-osteoclast to osteoclast cells, ultimately
resulting in osteolysis observed in these tumors [22, 41-43] (Figure 2). Accord-
ingly, preclinical models have shown that OPG, a soluble decoy receptor for
RANKL, inhibits monocyte activation and osteoclast differentiation [44].
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Figure 2.

Simplified scheme of GCTB physiopathology. BMP-2, bone morphogenetic protein 2; CCR2, C-C chemokine
receptor type 2; CXCR4, C-X-C chemokine receptor type 4; DC-STAMP, dendritic cell-specific
transmembrane protein; IL-1, interleukin 1; MCP-1, monocyte chemoattractant protein-1; M-CSF,
macrophage colony-stimulating factor; MIP-1a, macrophage inflammatory protein 1-alpha; MMPs, matrix
metalloproteases; OC-STAMP, osteoclast stimulatory transmembrane protein; RANKL, receptor activator of
nuclear factor kappa-B ligand; SDF-1, stromal cell-derived factor 1; TGF-p, transforming growth factor beta;
TNFa, tumor necrosis factor alpha; TRAP, tartrate-vesistant acid phosphatase; VEGF, vascular endothelial
growth factor.
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In GCTB, stromal cell-derived monocyte chemoattractant protein-1 (MCP-1/
CCL2) recruits bone marrow-derived CCR2/CXCR4-expressing monocytic osteo-
clast precursors from peripheral blood [45, 46]. Other soluble factors within GCTB
microenvironment are chemotactic for myelomonocytic cells, including stromal
cell-derived factor 1 (SDF-1/CXCL12), macrophage inflammatory protein 1-alpha
(MIP-1a/CCL3), and M-CSF1 [26, 47]. Osteoclast precursors localized at GCTB
microenvironment differentiate into active, bone resorbing, osteoclasts.

Different pre-clinical studies have shown that GCTB stromal cells with circulat-
ing mononuclear cells co-culture induces differentiation of osteolytic giant cells
[41-43]. For differentiation to occur, RANKL expression in stromal cells is regu-
lated by CCAAT/enhancer-binding protein beta (C/EBPp), found to be
overexpressed in GCTB [48], and also by parathyroid hormone-related peptide
(PTHrP) in an autocrine manner [49]. Next, RANKL-induced cell fusion is co-
stimulated by M-CSF and IL-34 [26] and enhanced by specific transmembrane
proteins overexpressed in GCTB [50] and coupling components, like insulin-like
growth factors (IGF) I and II [51].

RANK pathway activation in giant cells leads to up-regulation of nuclear factor
of activated T cells c1 (NFATc1), an auto-regulated key transcription factor
responsible for regulating expression of important genes involved in bone resorp-
tion, like cathepsin K or p3-integrin [52]. Cathepsin K is involved in initial steps of
bone resorption, degrading collagen type I and remodeling the bone matrix,
allowing migration. As bone resorption starts, TGF-f entrapped in bone matrix is
activated by matrix metalloproteases (MMPs), stimulating giant cell migration
[46], which is mediated by avf3 integrin attachment to the bone matrix [53].

MMPs have an important role in GCTB physiopathology. Apart from the above-
mentioned role in giant cell migration via TGF-p activation, MMPs influence other
major aspects within the tumor microenvironment, like angiogenesis, invasion, and
metastatic development. MMP-2 and MMP-9 are key in all these processes [22]. In
GCTB, the extracellular matrix metalloproteinase inducer (EMMPRIN) is responsi-
ble for inducing MMP expression. Higher EMMPRIN expression at multinuclear
osteoclast-like giant cells has been observed in stage III GCTB, probably regulated
by RANKL from stromal-like tumor cells [54].

As previously mentioned, metastases are extremely rare in GCTB and there are
no clues on molecular or physiopathological events related with GCTB
metastization to date.

2.3 Tumor markers

Pathophysiology of GCTB progression remains unclear and prognostic factors,
treatment targets, and predictive biomarkers represent unmet needs.

Histologically, ambiguous giant cell-rich lesions — including benign GCTB,
chondroblastoma, aneurysmal bone cyst, central giant cell granuloma of the jaw,
and malignant giant cell-rich osteosarcoma — are often found, especially as small
biopsy or curettage specimens [22]. In these cases, H3F3A gene p.G34W mutation
can be used in the differential diagnosis, as it is almost GCTB-exclusive [30, 55].
Approximately 90% of GCTBs display the p.G34W mutation, with minor subsets
(<2%) displaying p.G34L, p.G34M, p.G34R, or p.G34V variants. H3F3B p.K36M is
the H3.3 mutation found in the vast majority (90-95%) of chondroblastomas [30].

H3.3 p.G34W mutant-specific immunohistochemistry (IHC; clone RM263,
commercially available) is a highly sensitive and specific surrogate marker of
H3F3A p.G34W mutation in GCTB [56-58], being useful for practical diagnosis in
primary [58] or recurrent, metastatic, and secondary malignant GCTB [59].
Although denosumab therapy may decrease p.G34W expression [22], evidence

59



Recent Advances in Bone Tumours and Osteoarthritis

shows that spindle cells and cells in and around immature bone in denosumab-
treated GCTBs are H3.3 p.G34W-positive by IHC, with H3F3A mutations consis-
tently detected in corresponding samples [56, 58, 60, 61], which may predict
relapse risk [55].

Although rare, malignant GCTB may occur, and studies suggest that p.G34W
mutation is preserved [55]. One report, however, showed loss of one H3F3A allele
(probably the mutant allele) in GCTB malignant component, leading to negative p.
G34W IHC [62].

P63, a member of the p53 family of transcription factors, has also been studied as
biomarker in GCTB diagnosis. p63 immunostaining has been used in diagnosis of
head and neck squamous cell carcinoma, prostate adenocarcinoma (negative for
p63 in opposition to p63-positive benign prostatic tissue) [63], and poorly differ-
entiated squamous cell carcinoma [64]. p63 has also been shown to be highly
expressed in GCTB mononuclear neoplastic cells [65-67], but its usefulness is still to
be determined. A meta-analysis of eight different studies including 335 GCTB
patients showed that p63 is a helpful marker for GCTB diagnosis in critically ill
patients, although it cannot be recommended as a single definitive diagnostic
marker [68].

- History and Physical Examination
- Local imaging (Radiograph/CT/MRI)
- Staging (Bone scintigraphy; Lung CT)

Localized disease Metastatic disease
Unresectable/ Resectable Unresectable
Resectable with
Resectable expected
unnacceptable
morbidity Treat as
resectable Consider
localized denosumab 120
Denosumab 120 disease and mg SC monthly
Excision mg SCmonthly consider
Consider RT excision of
metastases
Consider
adjuvant Assessresponse
denosumab 120 and
mg SC for 6 resectability
months (CT/MRI)
Surveillance
Resectable Unresectable
Excision Consider
maintaining

denosumab if
partial response

Consider Consider RT

adjuvant
denosumab 120
mg SC for 6
months

Surveillance

Figure 3.
Flowchart of GCTB treatment. Adapted from NCCN guidelines — Bone cancer [73]. CT, computorized
tomography; MRI, magnetic resonance imaging; RT, radiation thevapy; SC, subcutaneous.
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Finally, it has been suggested that high RANKL, IL-6, TNF«, SDF-1, and MCP-1
expression may help predict GCTB metastatic potential and prognosis, warranting
further studies [69].

3. Treatment overview

Treatment options for localized GCTB include en bloc resection or curettage with
or without local adjuvants, like phenol, liquid nitrogen, or polymethylmethacrylate
[70]. Radiation therapy (RT) can also be used as an alternative to surgery for local
control, with 5-year local control rates of 80% [71]. However, RT is associated with
risk of malignant transformation into high-grade sarcoma, making surgery the
preferred option when possible. Contrarily to palliative care in irresectable or dis-
tant disease, systemic neoadjuvant or adjuvant therapy with the RANKL-binding
fully human monoclonal antibody denosumab is still not established [70, 72].

A treatment algorithm is depicted in Figure 3.

4. Medical therapy
4.1 Denosumab

Denosumab is a fully human monoclonal antibody (IgG2) that binds with high
affinity and specificity to RANKL [74], thereby inhibiting osteoclast-mediated
osteolysis. Given GCTB pathophysiology and its association to RANKL/RANK
pathway, denosumab has proven effective in this disease.

In patients with resectable GCTB, adjuvant denosumab at a 120 mg dosage
administered subcutaneously every 28 days, with additional loading doses on days 8
and 15 on the first month, during 6 months after complete resection has been
approved by both the Food and Drug Administration and European Medicines
Agency [72, 75, 76]. However, this treatment is still debated. Studies supporting its
use in the adjuvant setting are scarce and mostly rely in level IV evidence. Con-
versely, evidence from a systematic review by Luengo-Alonso [72] favored adju-
vant denosumab, which showed a positive histological and clinical (pain relief)
response. In patients with unresectable GCTB (either primary or recurrent) or
when complete excision is possible but post-surgical severe morbidity and func-
tional impairment is expected, neoadjuvant denosumab should be started (same
dosing scheme as above) and response to treatment evaluated. Should the patient
respond to denosumab and surgery be feasible with acceptable morbidity, then
complete excision and possibly adjuvant denosumab for six months should be
considered. On the other hand, the optimal denosumab duration is still debatable
when treatment response is suboptimal or in cases of sacral or spinal GCTB, multi-
ple lesions (including pulmonary metastases), or patient’s clinical ineligibility for
surgery. Denosumab should be considered until progression or unacceptable toxic-
ity (e.g., osteonecrosis of the jaw), provided at least partial response is achieved.

4.2 Bisphosphonates

Bisphosphonates inhibit osteoclast-mediated bone resorption and are used in
cancer patients, especially in bone metastases setting. In GCTB patients, denosumab
is the preferred systemic treatment option. However, evidence regarding the use of
adjuvant denosumab is not consistent and some studies show lack of benefit in local
recurrence rates [77, 78]. Bisphosphonates, like zoledronic acid (ZA), can be an
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option in the adjuvant setting. A recent meta-analysis of case—control studies
showed that the use of adjuvant bisphosphonates in patients submitted to
intralesional curettage may decrease local recurrence rates, independently of
Campanacci staging [79]. In patients undergoing wide resection, bisphosphonates
seem to have no benefit in local recurrence. A phase II non-randomized clinical trial
of adjuvant ZA after extensive curettage in GCTB patients showed that ZA failed to
prevent local recurrence [80]. Another phase II multicentric, randomized, open-
label clinical trial showed no benefit with adjuvant ZA, although the study was
terminated earlier due to poor accrual [81]. The use of adjuvant bisphosphonates
should be evaluated on a case-by-case basis. In unresectable or metastatic GCTB,
clinical studies addressing the use of bisphosphonates are also scarce. Overall, the
role of bisphosphonates in the treatment of patients with GCTB remains to be
clearly defined.

4.3 Chemotherapy/systemic cytotoxic agents/interferon

Chemotherapy agents and interferon-a have also been used to treat GCTB, as
reported in case reports and small series, but results were poor and there are no
clinical trials to guide their use. Anecdotal small retrospective case series and case
reports have documented the use of doxorubicin [82, 83], cyclophosphamide [84],
cisplatin plus doxorubicin [85], combination therapy with vincristine, doxorubicin,
cyclophosphamide and actinomycin-D, followed by high-dose methotrexate and
vincristine [86], interferon alpha 2a [87] and interferon alpha 2b [88], with mixed
results.

5. Conclusions and future directions

GCTB is a primary and mostly benign tumor of bone usually arising in the meta-
epiphysis of long bones and more often affecting young patients. Despite its fre-
quent benign nature, local recurrence rate is high and there is a non-negligible risk
of distant metastization, namely to the lungs. Therefore, treatment should provide
the best chance of curative outcome with minimal functional sequelae and quality
of life impairment.

The main pillar of treatment is surgery, but systemic therapy has a role in
adjuvant and palliative settings. Regarding GCTB pathophysiology, RANKL/RANK
pathway is central to tumor development and denosumab, a monoclonal antibody
against RANKL, is the most studied and most effective systemic therapy for the
disease. Its use is particularly established in the palliative setting, i.e., in cases of
unresectable disease, patient ineligibility for surgery, or lung involvement.
Although less studied, bisphosphonates can also be an option. However, their role in
GCTB medical management needs to be better clarified.

GCTB rare nature, particularly malignant GCTB, hampers the development of
clinical trials to investigate new drugs for second-line treatment and establish the
optimal treatment sequence (neo- vs. adjuvant denosumab or adjuvant denosumab
vs. after recurrence, etc.). Currently, one clinical trial (NCT04255576) is studying
the use of JMT103, a novel fully human IgG4 monoclonal antibody against RANKL,
in GCTB [89]. Another clinical trial (NCT03449108) is using a different approach
to address bone tumors, including GCTB [90], by studying the use of LN-145-S1, or
autologous tumor infiltrating lymphocytes, in treatment-refractory or relapsed dis-
ease. As discussed above, mutations in cyclin D1, p53, and MET have been associ-
ated with GCTB malignant transformation and recurrence. This raises the
hypothesis that cyclin-dependent kinase (CDK) inhibitors (e.g., ribociclib,
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palbociclib) and MET inhibitors (e.g., crizotinib) may be useful in this disease.
Although these therapies have been approved in other tumors (CDK inhibitors in
breast cancer and crizotinib in lung cancer), no studies are in place in GCTB yet.
Another promising target is MMPs, specially MMP-2 and MMP-9, that play an
important role in GCTB physiopathology, namely regarding tumor microenviron-
ment, angiogenesis, invasion, and metastatic development. Preclinical studies in
breast cancer used ML115, a bone-seeking MMP inhibitor, to prevent bone metas-
tases [91], with promising results. Although still far from use in the clinical practice,

this could be another potential therapy worth studying in GCTB. Several other
clinical trials continue to investigate the use of denosumab, bisphosphonates, and
local therapy (surgery/RT) [92-97].
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Nomenclature

BMP-2

Bone morphogenetic protein 2

CCR2 C-C chemokine receptor type 2

CXCR4 C-X-C chemokine receptor type 4

C/EBPp CCAAT/enhancer binding protein beta

CT Computorized tomography

CDK Cyclin-kinase inhibitors

DC-STAMP Dendritic cell-specific transmembrane protein
EMMPRIN Extracellular matrix metalloproteinase inducer
FFPE Formalin-Fixed Paraffin-Embedded

GCTB Giant cell tumor of the bone

H3.3 Histone 3.3

IgG Immunoglobulin G

IHC Immunohistochemistry

IGF Insulin-like growth factor

IL-1 Interleukin 1

M-CSF Macrophage colony-stimulating factor

MIP-1a Macrophage inflammatory protein 1-alpha;
MRI Magnetic resonance imaging

MMP Matrix metalloprotease

MCP-1 Monocyte chemoattractant protein-1

NFATc1 Nuclear factor of activated T cells c1
OC-STAMP Osteoclast stimulatory transmembrane protein
PTHrP Parathyroid hormone related peptide

RT Radiation therapy

RANKL Receptor activator of nuclear factor kappa-B ligand
RUNX2 Runt-related transcription factor 2

SC Subcutaneous
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SDF-1 Stromal cell-derived factor 1

TRAP Tartrate-resistant acid phosphatase
TRAIL TNF-related apoptosis inducing ligand
TGF-p Transforming growth factor beta
TNF-a Tumor necrosis factor-alpha

VEGF Vascular endothelial growth factor

ZA Zoledronic acid
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Abstract

Osteogenic sarcoma is the most common primary bone cancer frequently
affecting children and teenagers. Despite many years of research, little have the
survival rates changed in the last fifty years. Early diagnosis, a complete systemic
treatment program with a good tumor response and adequate margins continue
to be the main determinants of patients’ prognosis in this disease. Neoadjuvant
chemotherapy followed by surgery and subsequent adjuvant systemic treatment
remain the standard of care. Numerous reconstruction options available provide
these patients better function and improved quality of life.

Keywords: osteosarcoma, bone primary malignant tumor, osteogenic sarcoma

1. Introduction

Osteosarcoma, also known as osteogenic sarcoma, is a primary bone malignancy
characterized for the production of osteoid, the mineralized portion of bone matrix
[1]. Different from what its name suggests the origin of the tumor is not bone
itself, but mesenchymal stem cells and osteosarcomas can also be found in soft
tissues unrelated to any bone [2]. The incidence is approximately 1000 new cases
each year in the United States [3]. Osteosarcoma is the third most common cancer
in adolescents and is the most frequent primary bone malignant tumor in this age
group. The peak incidence is between the second and third decade of life, although
there is a second peak of patients aged older than 60 years of age [4, 5]. This tumor
can subclassified according to histologic grade, location within the bone and the
histologic characteristics of the matrix, more than 90% are of high grade, intra-
medullary location conventional ones [6]. The most common histologic subtypes
are osteoblastic, chondroblastic, fibroblastic and telangiectatic. Additionally, these
tumors can be classified as primary or secondary, depending on if the origin is in
normal bone or altered bone due to prior pathology, for example Paget’s disease,
or radiation [7]. From a genetic perspective, osteosarcomas are characterized by
highly disorganized genomic aberrations rather than a constant genetic alteration
commonly found in other tumors [8]. Despite this, it has been linked to alterations
in some specific genetic pathways expressed as syndromes. Such as Li-Fraumeni
syndrome or Rothmund-Thomson syndrome or an alteration of the Rb protein caus-
ing retinoblastoma early in life as well as osteogenic sarcomas [9].
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2. Clinical presentation

Osteosarcomas most commonly occur in the metaphysis of long bones, for the
most part around the knee in the distal femur (43%0 or proximal tibia (23%), fol-
lowed in frequency by the humerus (10%) (Figure 1) [10]. One in ten patients has a
tumor of axial location, most commonly in the pelvis. Tumors of axial location tend
to have a worse prognosis with higher recurrence rates and more advanced stages at
presentation [10-12]. Patients complaint about intermittent pain and swelling, the
pain is known to be severe enough to awake the patient during sleep hours [13]. Pain
of a high intensity can potentially be an indication of an impending pathological
fracture, fact that occurs in up to 10% of these patients [14]. A pathological fracture
may represent a more aggressive tumor and the microRNA profile of tumors that
fractured have been shown to be different that those without a break. Additionally,
tumors that presented with a fracture were associated with a higher risk of meta-
static spread as well as a worse prognosis overall [14].

About 20% of osteosarcoma patients have metastatic disease at presentation.
Most of those secondary lesions are in the lung, bone being the second most com-
mon spread location [10]. Tumor size has been implicated as a risk factor for lung
spread [15]. When osteogenic sarcoma presents in older population, there isa
more frequent axial location compared to younger patients, being almost 40% of
the elderly patients versus 10% in children and teenagers [16]. Additionally, the
older patients tend to have larger tumors, more frequency of metastatic disease at
presentation and a worse general prognosis with less opportunity for limb salvage
procedures and inability to receive the full systemic treatment protocol as compared
to younger patients [17]. Moreover, when the chemotherapy response seems to

Figure 1.
Fifteen-year-old patient with a left proximal tibia osteosarcoma, presented with local pain and swelling.
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be poorer in these patients with a lower percentage of necrosis noted on the post-
chemotherapy tumor resection piece [10]. The 5-year overall survival is 50% for the
elderly when surgical treatment is feasible, when surgery is not an option that rate
drops to 8% [18].

3. Staging

The assessment of osteosarcoma patients usually begins with orthogonal plain
radiographs of the site of pain or mass. Plain films usually reveal an aggressive
appearing lesion that prompts more advanced imaging studies such as a CT scan
or ideally an MRI with and without contrast of the entire affected bone. On radio-
graphic imaging the lesions may be more blastic, lytic or mixed pattern depending
on the osteosarcoma subtype. In more advanced cases, there will be cortical perme-
ation and an associated soft tissue component, although this is a more common find-
ing in Ewing’s sarcomas [19]. For purely lytic lesions, radiographic evidence is only
present when a substantial percentage of the bone has been affected (30-50%), thus
the recommendation in cases of persistent symptoms is to proceed with an MRI even
with a negative plain film [20]. Additional findings on radiographs include a wide
area of transition, cortical destruction and a periosteal reaction such as Codman’s
triangle or a sunburnt pattern (Figure 2) [21].

The next imaging study should be a full bone length MRI with and without
contrast of the affected area, this will serve diagnostic and staging purposes as
well, since it has the ability of detecting skip lesions. MRI studies provide informa-
tion regarding the complete extent of the tumor within the bone, and its closeness
to surrounding structures such as vessels and nerves. Additionally, it provides
information regarding joint invasion, and, extremely important in the pediatric
population, physis involvement by the tumor [22]. This information will dictate the
proposed surgical intervention (Figure 3). After neoadjuvant chemotherapy and
prior to the definitive surgical treatment a new MRI with and without contrast of
the affected bone must be obtained for tumor re-assessment.

Following the initial images, usually proceeds a close or open biopsy of the
lesion for pathology confirmation of the diagnosis and grading of the tumor. It is

Figure 2.
Radiographic images of a patient with a distal femur conventional, central, osteoblastic, high grade
osteosarcoma. The tumor presents a mixed, blastic and lytic, moth-eaten pattern.
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Figure 3.
MRI of the tibia of a 15-year-old patient with an osteoblastic osteosarcoma of the proximal tibia respecting the
physis (D, E). T1-weighted sequence (A), stir sequence (B) and T1-fat suppressed post contrast sequence (C).

paramount that the biopsy is performed by a surgeon specialized and with experi-
ence in bone tumors, so that it can be done following important principles inherent
to the specialty and have those not be respected it can potentially hinder the
possibility of a limb salvage procedure for the patient [23].

Once the diagnosis of osteosarcoma has been confirmed, the next step is to pro-
ceed with staging of the patient. Approximately, 20% of patients debut with stage
IV cancer [24]. Osteosarcomas are known to spread most commonly to lungs, 80%
of the metastases, followed by bones (10%) [25, 26]. Therefore, the next imaging
studies will be directed to assess the most common sites of spread. The lung assess-
ment is performed with a non-contrasted chest CT and the bone staging can be
performed by a bone scan or, more recently, with a PET-CT scan (Figures 4 and 5).
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Figure 4.
Non-contrasted chest CT depicting peripheral lung nodules (circled) consistent with metastatic osteosarcoma.
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Tecnecium-99 bone scan of a patient with a distal femur osteosarcoma. No other bone lesions were present.

il

Patients with metastatic disease at presentation have a worse prognosis than those
with localized disease having an overall survival at 5 years of 40% or less [27]. Bone
metastases have a particularly worse prognosis with higher rates of local recurrences
and an overall survival of 13% [26].

Additional studies prior to the start of treatment, will be oriented at making a
basal assessment of organs potentially affected by chemotherapy. Consequently,
the patient will obtain an echocardiogram, kidney function studies, hemogram and
complete metabolic panel as well as an audiology test [13]. Additionally, patients
should be referred for fertility counseling since the systemic treatment is known to
decrease the chances of conceiving even many years after the finalization of chemo-
therapy. Male patients present with particularly worse chances of conceiving than
females and the cumulative dose of the drugs used seem to be the most important
determinant factor to predict the ability to conceive after treatment [28].

4. Treatment
Currently, the treatment of localized osteogenic sarcoma is the same, inde-

pendent of subtype and despite its different behaviors and genetic profiles, and
includes a plan of neoadjuvant chemotherapy, followed by local treatment with
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surgical resection with a subsequent round of adjuvant chemotherapy [29]. This
plan was first implemented in the 1970’s and improved long-term survival rates
from its original 20% to the current 70%, which has remained unchanged for the
past five decades [30]. The three main reasons for treatment failure are local recur-
rences, distant disease spread and the development of drug resistance [31].

Systemic treatment for young patients includes two cycles of 5 weeks with high
dose methotrexate, doxorubicin and cisplatin (MAP) [32]. Once the neoadjuvant
cycle has finalized new imaging studies are obtained and the surgical procedure is
planned. The resection piece is afterwards analyzed by the pathologist who must
inform the percentage of necrosis, a key factor of prognostic significance and a
proxy for the tumor chemotherapy response [33]. Following local treatment, 3 to
6 cycles of the same drug regimen (MAP) are given to the patient.

Before the implementation of chemotherapy as part of the treatment plan of
these patients, even the ones with localized disease, most patients underwent a
limb amputation, and despite this aggressive procedure still had poor survival rates.
Nowadays, the standard of care for most patients is a limb salvage procedure which
has shown similar survival rates to an amputation when systemic treatment was
added with a much-improved function and quality of life [34, 35]. The main goal of
limb salvage procedures is to completely resect the tumor while preserving impor-
tant structures for the limb survival as well as the patient’s function. Several studies
have addressed the importance of achieving adequate margins in a resection asa
determinant factor for the feasibility of the limb salvage option [33, 36, 37]. Local
recurrences, which occur in 10-15% of these patients, has been linked to the margin
adequacy as a predicting factor [38].

Once a decision has been made regarding the limb salvage procedure, several
options present in terms of reconstruction alternatives, all with their specific
advantages and disadvantages. Resection and reconstruction with an endoprosthetic
device, a non-biologic option, is the main trend worldwide currently (Figure 6).
While the biologic alternatives include allografts, vascularized fibula, distraction
osteogenesis or recycled and sterilized bone autograft [39-43]. The latter can be
achieved through several different techniques such as pasteurization, irradiation,
autoclave or most recently the use of liquid nitrogen [44].

Endoprosthetic reconstructions have shown good results in terms of function at
short and medium-term. Among its disadvantages it is its high cost, low accessibil-
ity in some countries and limited survival (50-76% at 10 years) with a high rate of

Figure 6.
Distal femur osteogenic sarcoma resection and reconstruction with a distal femur endoprosthetic device
non-cemented.
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reoperation specially in pediatric patients, an age where primary bone malignant
tumors are most frequent [45]. Allografts require a bone bank with matching bone
pieces. Furthermore, allografts have the potential to transmit diseases and, in some
cases, patient acceptance may be an added obstacle [46]. Bone transport is a lengthy
complex treatment with multiple surgical procedures usually involved [43].

Figure 7.

Case of a 15-year-old male with an osteoblastic osteosarcoma abutting the proximal tibial physis, treated with
limb salvage surgery with liquid nitrogen pretreated bone tumor autograft. Careful surgical planning allowed
the proximal physis to be preserved.
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Figure 8.
Radiographic image depicting a pathological fracture through a distal femur osteosarcoma with displacement
and shortening of the distal fragment.

Frozen autografts recycled in liquid nitrogen are a biologic solution with the
advantages of low cost, easy access, complete removal of viable tumor, bone
morphogenic protein preservation, osteoconduction and osteoinduction properties
maintained, perfect matching at the osteotomy site, does not require a bone bank,
allows reattachment of tendons and ligaments, no disease transmission and no graft
rejection (Figure 7) [47]. Among its disadvantages, the bone piece cannot be sent
for full pathology analysis and thus provide the information about the percentage of
necrosis obtained after systemic treatment in the indicated cases. Nonetheless, the
surrounding soft tissues which are resected prior to submerging the piece in LN are
sent to pathology. This technique accomplishes full necrosis of the tumoral cells and
prior studies have shown that the soft tissue resection prior to the sterilization in
LN is representative of the tumor response to chemotherapy [48]. Additionally, this
procedure has shown no difference in terms of bone resistance to compression when
compared to unfrozen bone. This allows for the initial resistance of the reconstruc-
tion, being comparable or even superior to allografts [48].

One particular scenario, the treating orthopedic oncologist should be aware of is
the case of an osteosarcoma with a pathological fracture at presentation. Fractures
through an osteogenic sarcoma can occur in up to 10% of the cases (Figure 8) [14].
In the past, this circumstance used to be a contraindication for a limb salvage proce-
dure and patients were indisputably recommended for an amputation. Nowadays,
even though those patients tend to present a worse prognosis, a limb salvage
procedure is considered an option with similar recurrence rates when compared to
amputations [49]. Prior studies presented the hypothesis that these patients may
have a worse outcome due to a hematoma formation at the fracture site, with tumor
cell dissemination [50]. Although the ideal treatment is controversial, some authors
recommend stabilization of the fracture, which could be achieved by casting, exter-
nal fixation or limited internal fixation followed by neoadjuvant chemotherapy,
subsequent definite surgical treatment and adjuvant systemic treatment [51, 52].

Radiotherapy has a role for unresectable tumors or in cases of positive margins
to help with local control. The Cooperative Osteosarcoma Study Group (COSS) has
presented promising results for the case of unresectable osteosarcomas of the spine
and pelvis where the treatment with radiation with a curative intent improved the
5-year survival from 0 to 29% [53, 54]. Additional studies have shown radiation
is well tolerated by the patients and can achieve up to 76% local control rates [55].
These findings seem to indicate osteosarcomas do have at least a moderate response
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to radiotherapy, when in the past it used to be considered a radiotherapy resistant
tumor. Supplementary indications for radiotherapy include symptom palliation and
this treatment modality has shown to improve patients’ symptoms such as pain in
case of unresectable tumors [56].

Current investigation trials are in place to uncover targetable mutations that
could also have prognostic implications as well studies to assess a potential role for
immunotherapy in osteosarcoma patients [57]. Specifically, Cabozantinib, a tyro-
sine kinase inhibitor used for thyroid and renal cell cancers, has shown anti-tumor
activity as well as a good tolerance and is currently under investigation through
multicentre trials [58].

5. Conclusion

Osteosarcoma, the most common primary bone malignancy in children and
adolescents, has come a long way since its initial approach where all patients under-
went an amputation prior to the 1970s. Current systemic treatment options along
the myriad of reconstruction alternatives, have allowed these patients to benefit
from better survival rates and improved function and quality of life. Nonetheless,
the overall survival rates have remained stable for the past 50 years, a disappoint-
ing number when compared to other malignancies’ statistics, suggesting more
resources and research are needed to continue enhancing the outcomes of patients
suffering from this cancer.
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Chapter 5

Current Therapeutic Approaches
for Osteosarcoma
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Abstract

Osteosarcoma is classically defined as a high-grade spindle-shaped neoplasm
with malignant cells that produce osteoid. It is the most common primary malig-
nant bone tumor in children and young adults. It is <1% of all cancers diagnosed,
approximately 3.4% of all childhood cancers. The age-adjusted incidence of osteo-
sarcoma is bimodal, with an initial peak in adolescence and then a second peak in
patients over 60 years of age. Osteosarcoma is divided into two main groups. In
most of the osteosarcomas, the etiological agent cannot be determined and it is
called primary osteosarcoma. Osteosarcoma, which develops due to etiologies such
as Paget’s disease, radiotherapy or osteonecrosis, is called seconder osteosarcoma.
Osteosarcomas are most commonly located in the appendicular skeleton. The most
common settlement here is the knee circumference. The distal femur and proximal
tibia are the most common locations in the knee. A multidisciplinary approach
is indicated in the management of osteosarcoma. The treatment is multimodal,
including systemic chemotherapy and local therapy. In this section, we will outline
the current standard of care for the systemic and surgical approach to osteosarcoma
treatment, as well as an overview of current studies.

Keywords: osteosarcoma, recent advances, management, current approach,
treatment

1. Introduction

Osteosarcoma is the most common primary malignant bone tumor. It consists of
malignant mesenchymal cells that tend to form osteoid matter. It is defined as the
most common bone malignant tumor after multiple myeloma and metastases [1, 2].

Three-quarters of all cases are between the ages of 10-25. The age-adjusted
incidence of osteosarcoma is bimodal, with an initial peak in adolescence and then a
second peak in patients over 60 years of age [3].

Osteosarcoma is most often located around the knee. Distal femur and proximal
tibia are the most common knee localizations. The most common location after knee
circumference is the proximal humerus. The most common location of the tumor in the
bone is the metaphysis like many other tumors. It can rarely settle in the diaphysis [4].

2. Etiology and risk factors

In osteosarcoma cases in pediatric patients, almost all cases do not have any
identifiable associated risk factors.
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It has been determined that in almost half of the osteosarcoma cases seen
in adult patients, various risk factors such as Paget’s disease and radiation are
involved in the etiology. In addition, some syndromes such as Li Fraumeni
Syndrome, hereditary retinoblastoma syndrome, have been reported as risk factors
for osteosarcoma [5].

Studies have been conducted on the genetic profile of osteosarcoma in recent
years. Studies have reported that Germline TP53 mutations may be high in osteo-
sarcomas, especially at younger ages. In osteosarcomas seen at a young age, if the
location of the tumor is unusual, further examination is recommended in terms of
Li-Fraumeni syndrome [6].

3. Classification

Osteosarcoma is divided into two main groups as primary and secondary osteosar-
coma. Primary osteosarcoma is divided into subtypes such as classical osteosarcoma,
telangiectatic osteosarcoma, small cell osteosarcoma, multicentric osteosarcoma,
high grade central osteosarcoma, low gradesurface osteosarcoma, and superficial
(parosteal-periosteal) osteosarcoma [7].

Various etiological factors play a role in secondary osteosarcoma. Osteosarcoma
secondary to Paget’s disease, osteosarcoma secondary to radiotherapy, osteosarcoma
secondary to osteonecrosis, osteosarcoma secondary to fibrous dysplasia are some
of the secondary osteosarcoma types [5].

4. Clinical findings and diagnosis

The most common clinical finding is pain and is seen in approximately 90%
of patients. The second most common finding is swelling in the bone localization
and is detected in approximately 50% of cases. Generally, patients present with
complaints of pain and swelling in that area for weeks-months. Another finding
is limitation of movement and is seen in approximately 45% of cases. In addition,
patients rarely present with pathological fractures (about 8%) [8].

Alkaline phosphatase was found to be high in about half of osteosarcoma
patients. High levels of lactate dehydrogenase at the time of diagnosis were found to
be associated with relapse. In addition, Lactate dehydrogenase levels are also high in
metastatic patients [8, 9].

In radiological evaluation, firstly, anteroposterior and lateral radiographs of
the relevant region should be taken (Figure 1). When direct X-ray findings, bone
involving the lesion, location of the tumor in the bone, age and gender of the
patient are evaluated together, a correct diagnosis can be made in most of the cases
(more than three quarters of the cases) [10].

Cortex destruction, geographic or moth-eaten-like medullary lesion, sunlight-
like periosteal reaction, Codman triangle, and soft tissue shadow in the bone
neighborhood can be seen on plain X-ray [11].

Whenever there is any doubt about the nature of a bone lesion in a young
patient, CT and/or MRI should be performed. Thus, new bone formation, cortical
destruction, or soft tissue component that may indicate malignancy can be detected
(Figure 2). In addition to imaging the primary tumor, MRI should be taken to view
the entire bone to detect possible skip metastases [12].

Performing the MRI test before any biopsy attempt is vital, as reactive changes
due to biopsy reduce staging accuracy [13].
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Figure 1.
Right femur distal located osteosarcoma, a) anteroposterior and b) lateral radiography.

Radiological examinations are examined for the presence of findings specific
to malignant bone tumors. These findings are sclerotic lesions that are located
mostly in the metaphysis, progressing towards the epiphysis or diaphysis or
laterally, radial calcified areas, disruption of the cortex integrity, fragmentation
or elevation of the periosteum, Codman triangle and extension of the lesion to the
soft tissue [11, 14].

The definitive diagnosis is made after the histopathological examination
of the biopsy specimen. Biopsy should be done by the team that will make the
definitive treatment of the patient. The formation of osteoid material and the
presence of atypical osteoblasts are diagnostic. CT-assisted needle biopsies and,
if necessary, incisional biopsy should be performed in the trace of the original
surgical incision [2].

5. Staging

Osteosarcoma is considered a systemic disease. Tumor cells are present in
the circulating blood and tumor micro-metastases are possible in the lungs.
Approximately 10-20% of osteosarcoma patients are metastatic at the time of
diagnosis [15].

It is a three-grade system generally used in determining tumor grade. Grade
1 represents low grade. There is a well-differentiated tumor. Grade 2 represents
middle grade, there is a moderately differentiated tumor. Grade 3 represents high
grade, there is an undifferentiated tumor. If the tumor grade is low, the tumor is
resistant to chemotherapy and radiotherapy [2, 7].
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Figure 2.

MRI images involving the right femur distal and joint; a) covonal T1 sequence, b) coronal T2 - STIR image, c)
axial T2 sequence and d) T1 + contrast image. In the images, the distal thivd of the right femur has an extension
to the superior part of the inner femoral condyle and the midline distal of the femur, and has a satellite
nodular structure of approximately 5.5 mm in the epiphyseal line, especially in the T1A series, the heterogeneous
hyperintense signal in the T2A series, infiltrating bone marrow fat 12.5 theve is a mass lesion of x4cm.
Especially when T2 sequence was examined, it was determined that the mass showed extra cortical and extra
osseous spread in the inner part, periosteal veaction and accompanying a soft tissue mass in the intramuscular
localization with an intramuscular localization of approximately 84x48mm with a heterogeneous necrotic
contrast in the soft tissue. Low-intensity, especially peripherally wavy rim-style contrast enhancement was
noted in post-contvast series.

Osteosarcoma most often metastasizes to the lungs. This is followed by bone
metastases. Contrast-enhanced thin-section CT of the lung is the gold standard in
detecting the presence of metastasis in the lung. Skip metastases in the same bone
and distant bone metastases can be detected by Whole-Body Bone Scintigraphy.
PET-CT is valuable in showing all body metastases and evaluating the chemotherapy
response after treatment. Also useful for detecting nucleus [7, 8, 11].
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6. Treatment management

In the past, patients with osteosarcoma were tried to be treated with amputa-
tion, but patients were lost due to micro-metastatic disease and lung metastases.
With the discovery that chemotherapy can eliminate micro-metastases (1970%),
limb-sparing surgeries came to the fore [16]. The application of neoadjuvant
chemotherapy and limb-sparing surgeries became standard in the 1980s. This
paved the way for the development of limb salvage procedures that can achieve
limb with better functional and cosmetic results. With the advances in treatment,
studies on long-term functional and cosmetic extremity acquisition methods have
increased.

With the development of induction and adjuvant chemotherapy protocols and
advances in surgical techniques and radiological staging studies, approximately
90-95% of patients are now treated with limb-sparing methods instead of amputa-
tion. In limb-sparing surgery, reconstruction is applied in necessary patients in
addition to tumor resection. And after all these advances, the chance of long-term
survival and cure rate of these patients increased to 60-80% in localized (non-
metastatic) diseases [17].

In classical osteosarcoma, the general treatment plan is preoperative (neoadju-
vant) chemotherapy, extremity conserving surgery if possible, and postoperative
chemotherapy regimen based on the extent of tumor necrosis. In surgical treat-
ment, the tumor is resected with wide margins. Amputation is performed for
patients who cannot undergo limb-sparing surgery [18]. Osteosarcoma is a radiore-
sistant tumor and radiotherapy does not have therapeutic properties.

The high-dose methotrexate with leucovorin rescue (HDMTX), doxorubicin and
cisplatin (MAP) trio is the basis of standard systemic chemotherapy and is adminis-
tered for approximately 30 weeks [16]. In a newly diagnosed osteosarcoma patient,
2 cycles of neoadjuvant chemotherapy (2 MAP cycles for approximately 10 weeks)
are applied first.

After the HDMTX infusion administered for 2 weeks, a 1-week break is taken,
then doxorubicin and cisplatin are administered for 2 days. And a 2-week break is
given for bone marrow recovery. And the cycle repeats. Then, surgical treatment is
applied [19].

Histological response value evaluated during surgical treatment is a strong
prognostic factor. High tumor necrosis rate has better clinical outcomes after
neoadjuvant chemotherapy [20].

The results of surgery alone are very poor in osteosarcoma treatment. And with
chemotherapy alone, only about 10% of the patients responded [21].

Local control can be achieved through limb salvage surgery or ablative surgery
(Figure 3). There is no significant difference between amputation and wide resec-
tion in local surgery in terms of recurrence and survival rates. Metastasectomy
should be considered in lung metastases [14].

In recent years, many studies have been conducted on reconstruction after
tumor resection with wide margins in local treatment and reconstruction options
have been diversified. Custom-made or modular tumor resection prostheses are one
of them. In addition, osteoarticular allografts and composite allografts are other
options. With the advances in microsurgery, vascular fibula and myo-cutaneous
flaps have also become an alternative for reconstruction. Another option is the
method of recovered bone (reconstruction of the bone with the tumor tissue
covered by removing the tumor, autoclaving or irradiating it or treating the bone
with liquid nitrogen) [11, 22].

After the HDMTX infusion administered for 2 weeks, a 1-week break is given,
then doxorubicin and cisplatin are administered for 2 days. And a 2-week break is
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Figure 3.

Right femur distal located osteosarcoma, post-operatively a) anteroposterior and b) lateral radiography. There
was skip metastasis in the epiphysis localization of the distal femur. Tumor resection with white margins and
reconstruction operation with distal femur tumor resection prosthesis were performed as local treatment.

given for bone marrow recovery. And the cycle repeats. Then, surgical treatment
is applied [16].

Overall survival for lower limb reconstructions ranges from about 70-85% at
5 years [23].

Adjuvant MAP therapy should be initiated within 3 weeks after surgical treat-
ment. Because especially in patients with low tumor necrosis rate, a delay of more
than 3 weeks is associated with high recurrence rates. Current standard adjuvant
chemotherapy includes a total of 29 weeks of MAP cycles.

7. Prognosis

Several prognostic factors have been identified in the management and follow-
up of osteosarcoma. Stage (local-systemic spread) is a poor prognostic factor. As
the tumor stage increases, the prognosis worsens. Another prognostic factor is
tumor grade. Low grade types are parosteal osteosarcoma, periosteal osteosarcoma
and low-grade intramedullary osteosarcoma. Tumor size is poor prognostic. As
the tumor size increases, the prognosis worsens. Tumor localization affects the
prognosis. Tumors located distal to the elbow in the upper extremity and tumors
located distal to the knee in the lower extremity have a relatively better prognosis.
It has been reported that the presence of pathological fractures does not affect the
prognosis. Gender has also been reported as a prognostic factor. The prognosis is
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relatively better in female patients. Prognosis is worse in secondary osteosarcoma.
Five-year survival is less than 10% in osteosarcoma patients developing on the basis
of Paget’s disease, and 5-year survival is less than 20% in patients with osteosar-
coma developing on a radiation background [11, 14, 24]. The presence of metastatic
disease is another poor prognostic factor.

Patients should be followed for at least five years in terms of systemic metastases
postoperatively.

In patients with macro-metastasis at the time of diagnosis, despite systemic
chemotherapy and surgery, 5-year disease-free survival is approximately 20% [25].
In addition, 10-year survival is less than 20% in relapse cases [26].

8. Recent advances

Studies on intensified chemotherapy are continuing in patients who underwent
surgery after neoadjuvant chemotherapy and in patients with poor histological
response detected during surgery. Poor histological responders are defined as
patients who maintain more than 10% viable tumors following surgery. Current
studies report that chemotherapy intensification has less successful results than
thought [20, 27].

Several clinical studies have been investigating the intensification of adjuvant
chemotherapy by adding high-dose ifosfamide with or without etoposide to MAP
for poor histological responders following definitive surgery. However, it has not
been shown to be superior to standard chemotherapy. In addition, studies with
cytokine interferon alfa-2b showed that this agent did not provide superiority to
standard therapy [20, 27].

Studies with high-dose ifosfamide to avoid the long-term nephrotoxic effects of
methotrexate have shown equivalent effect rates [28]. Similarly, studies have been con-
ducted with dexrazoxane to avoid long-term nephrotoxic effects of doxorubicin. [29].

9. Conclusions

The current standard of care for a patient with newly diagnosed osteosarcoma
includes 2 cycles of MAP neoadjuvant chemotherapy followed by local tumor sur-
gery and 29 weeks of adjuvant MAP chemotherapy. With this standard approach,
disease-free survival is approximately 70% in patients with localized disease at the
time of diagnosis.

Treatment outcomes for patients with osteosarcoma, for localized, metastatic, or
relapse patients, have not improved significantly and have not gotten better in the
last 10 years, despite many improvements and extensive studies.

The poor results of patients with low necrosis during surgery after neoadjuvant
chemotherapy still appear as a treatment challenge. It has been shown that intensi-
fied chemotherapy methods, which have been emphasized in recent years, are not
superior to conventional treatment. It is clear that more work is needed.
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Chapter 6

Management of Early
Osteoarthritis

Ahmed Mostafa Koth Aziz

Abstract

Osteoarthritis (OA) is a chronic degenerative joint disease of dynamic pathology
with multiple etiologies. It involves progressive process of softening, loss of articu-
lar cartilage, subchondral bone sclerosis, development of osteophytes, and cyst
formation. OA usually contributes to decreased activity associated with aging,
secondary to diminished function and pain, thus consequently impairing quality
of life. It is well established that pain due to OA, swelling, or stiffness can make it
difficult for individuals to perform simple daily living activities. Although OA is
not curable, a variety of treatment modalities are available to improve symptoms.
Main elements include pain management maneuvers, education, changing lifestyle
physical activity (PA), and weight reduction in case of overweight. Although total
joint arthroplasty (TJA) is considered a cost-effective treatment for people with OA,
TJA should only be considered after failure of conservative treatments. Symptoms
of OA are usually managed by either pharmachological or nonpharmachological
protocols; joint replacement surgeries are considered in advanced cases. Analgesics
remain the keystone of pharmacological treatment for OA symptoms, including
paracetamol, topical and oral nonsteroidal anti-inflammatory drugs (NSAIDs), and
opioids. However, benefits from paracetamol and opioids are minimal, and NSAIDs
are not ideal for many patients because they have many side-effects. Intra-articular
therapies such as corticosteroids are also commonly used, though usually with
short-term benefits.

Keywords: early, osteoarthritis, hyaluronic acid, intraarticular

1. Introduction

Osteoarthritis (OA) is a chronic degenerative joint disease of dynamic pathol-
ogy with multiple etiologies. It involves progressive process of softening, loss of
articular cartilage, subchondral bone sclerosis, development of osteophytes, and
cyst formation [1].

Knee OA is the most common arthritic disease among all joints; however, there
is no available drug treatment today that hinders the progression of this disease
process. There are many reasons for this, including the lack of understanding of
what worsens the disease process and the heterogeneity of the patient population.
There are considerable differences in the course of the disease [2].

The median age for diagnosis of Knee OA is 55 years, and usually people live
about 30 years suffering the disease [3]. As there is no known curative treatment
for OA till now, treatments aim at improving function as well as reducing pain.
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Systematic reviews (SR) are a useful research method to analyze the efficacy of
knee OA treatments; however, most of these reviews have not discussed the long-
term risks associated with various treatment modalities. The cause for that is most
studies follow patients for short time periods. There are missing data in the litera-
ture owing to the fact that most of these studies are short-term studies, thus giving
a false impression about the correct data concerning short-term improvement;
especially, OA is a chronic condition needing long-term studies to correctly estimate
the degree of pain improvement.

Approximately 30-65% of the risk of OA is genetically determined [4].

Obesity has long been known as a risk factor for knee OA [3]. A recent meta-
analysis also showed that increased BMI added to the increased risks to radiographic
and/or clinical OA picture [5].

OA usually contributes to decreased activity associated with aging, secondary
to diminished function and pain, thus consequently impairing quality of life. It is
well established that pain due to OA, swelling, or stiffness can make it difficult for
individuals to perform simple daily living activities [6].

Researches on the role of special diets in OA have been evolving. High dietary
fiber intake has been associated with lower risk of developing moderate to severe
knee pain over time. Results from two prospective cohort studies also showed that
increased total fiber intake was related to lower risk of symptomatic knee OA, but
its association with radiographic knee OA is still not evident [7]. Another study
found that increased soy milk intake was associated adversely with prevalence of
radiographic knee osteophytes [8]. Finally, higher intake of Mediterranean diet was
associated with lower prevalence of radiographic and clinical KOA [9].

The patient usually experiences knee pain and any three of the following to diag-
nose clinical OA of the knee: [1] tenderness on one or more knee compartments;

[2] crepitus on active motion in at one or more knee compartments; [3] morning
stiffness usually less than 30 minutes, according to WOMAC scale; [4] no warmth
on knee examination; [3] age more than 50 years; or [5] osteophytes in one or more
knee compartments [10].

Although OA is not curable, a variety of treatment modalities are available to
improve symptoms. Main elements include pain management maneuvers, educa-
tion, changing lifestyle physical activity (PA), and weight reduction in case of
overweight. Although total joint arthroplasty (TJA) is considered a cost-effective
treatment for people with OA, TJA should only be considered after failure of
conservative treatments. Since OA is a chronic disease, a key element in the non-
surgical management of knee and/or hip OA is self-management. Self-management
interventions allow patients to improve their skills in taking care of themselves and
to improve skills to navigate the health care system [11].

The shape of the bone may add to the risk of OA as had been described primarily
in the hip joint. The association between OA and muscle strength may vary depend-
ing on the muscles and joints being studied. In an examination of anterior cruciate
ligament (ACL) injured knees, high thigh muscle cross-sectional area and high
muscle/fat ratio had a protective effect against KOA prevalence. Deformities of the
knee are a strong predictor of knee OA disease progression [12].

Health education should be considered as a basic element of effective self-
management interventions. Health education should include education about OA
and its treatment options, exercise and pacing of PA, and weight reduction. This
information should be tailored to the person’s illness perception and educational
capability. In addition, goal setting is a widely used behavioral change technique
in many fields, especially in health care. Goal setting is associated with positive
impact on behavior at both shorter and longer terms [13]. Behavioral monitoring of
outcomes (e.g. amount of PA, weight and achievement of goals).
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Symptoms of OA are usually managed by either pharmachological or nonphar-
machological protocols; joint replacement surgeries are considered in advanced
cases. Analgesics remain the keystone of pharmacological treatment for OA
symptoms, including paracetamol, topical and oral nonsteroidal anti-inflammatory
drugs (NSAIDs), and opioids. However, benefits from paracetamol and opioids
are minimal, and NSAIDs are not ideal for many patients because they have many
side-effects. Intra-articular therapies such as corticosteroids are also commonly
used, though usually with short-term benefits. Pharmacological drugs include the
following.

1.1 Colchicine

It is usually used for the treatment of pseudogout and gout. Colchicine is not
recommended for treatment of OA nowadays. Synovial fluid in OA usually contains
basic calcium phosphate (BCP) crystals especially hydroxyapatite crystals (detected
in the cartilage of nearly all affected joints at the time of joint replacement surger-
ies). Positive correlations have been found between synovial fluid BCP crystal levels
and radiographic severity of OA [14].

1.2 Hydroxychloroquine

Hydroxychloroquine has been used in in patients with inflammatory OA of hand
joints with some suggested evidence of benefits, probably because it may have a role
in treating rheumatoid arthritis (RA) synovitis and an acceptable safety profile. It
has immunomodulatory effects and was considered to potentially treat OA due to
Toll-like receptor (TLR) signaling inhibition, as TLRs are upregulated in OA carti-
lage and may have a role in cartilage breakdown via proinflammatory pathways [15].

A mixture of pharmacologic and nonpharmacologic therapies can manage OA
symptoms as there is currently no available disease-modifying therapy till now,
so treatment depends on symptomatic slow-acting drugs for OA (SYSADOAs) as
an important category in the pharmacologic therapy tools for OA that have been
demonstrated to alleviate the symptoms of functional impairment and pain, with
some additional evidence of a disease-modifying effect on the long run [16]. The
SYSADOA s class comprises different elements, including chondroitin, glucosamine,
diacerein, and avocado soybean unsaponifiables (ASU), and there are some clinical
data supporting their efficiency. Placebo-controlled trials of SYSADOAs treatment
lasting up to 3 years in more than one Meta-analyses provide evidence that pre-
scribing grade crystalline glucosamine sulfate (GS), chondroitin sulfate (CS), and
diacerein has mild to moderate benefits in patients with OA [17].

Numerous meta-analyses and RCTs have been conducted to assess the efficacy
and safety of Intra-articular hyaluronic acid (IAHA), with mixed results and
conclusions support the fact that IAHA injection is considered a suitable alternative
local treatment option providing symptomatic benefit without the systemic adverse
effects that may be associated with IA corticosteroids. IAHA is considered to have a
positive effect on pain and joint function. A meta-analysis comparing the effective-
ness of pharmacological interventions for knee OA found that IAHA is considered
an effective therapy. IAHA is also demonstrated to have a longer lasting effect on
function and pain compared with IA corticosteroids, lasting up to 6 months [18].

Multiple courses of IAHA can cause long-term beneficial outcomes, including
reduction in analgesics used and delay in the need for joint replacement surgeries
[19] still found regarding the risk benefit of IAHA. However, controversy about
lack of agreement among international guidelines regarding the use of IAHA for the
management of symptomatic knee OA still exists [20].
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The safety of IAHA has been evaluated in eight meta-analyses of RCTs com-
paring IAHA to IA placebo. However, a Cochrane review of 76 RCTs was unable
to conclude a definitive report on the safety of HA due to limitations concerning
sample size; however, no major safety issues were found, in addition, IAHA demon-
strated similar efficacy to systemic forms of medical interventions, with more local
reactions but fewer systemic adverse effects [21].

Evidence suggests that exercise is one of the core therapies for OA to improve
function and pain. The degree of response varies according to the type of exercise
(e.g. aerobic, strengthening, etc.). Little is known about the relative effeciency of
different exercise forms [22].

The comparisons were seen between strengthening exercises and mixed exer-
cises versus usual care. For pain, function, and performance, all types of exercise
were significantly better than usual care. The largest effect was observed for aerobic
and mind-body exercises for function and pain. Strengthening and flexibility
exercises had a moderate score, whereas mixed exercise gave the minimum score for
all outcomes and was significantly less effective than aerobic or mind-body exercise
for pain. The ranking mainly corresponded to the magnitude of the score shown by
each exercise. Aerobic exercises were the best-ranked for performance and pain,
whereas mind-body was also the best-ranked for self-reported pain and function.
Strengthening and flexibility/skill generally received mid-level rankings while
mixed exercises were the least ranked exercise [23].

It is confirmed that exercise is still important for people suffering from hip and
knee OA for outcomes of performance function, pain. In additon, it was found that
mind-body and aerobic exercise have the largest score for improvements in function
and pain; strengthening and flexibility exercises improve multiple outcomes to a
varying degree [23]. Older age is a well-known risk factor for OA; women are more
likely to develop hand, foot, and knee OA compared to men [4].

Varus thrust increased the odds of worsening medial bone marrow lesions
(BMLs) and medial cartilage loss as well as the odds of incident medial BMLs of the
knee among those with KOA and those with increased risk of Knee OA according to
the Multicenter Osteoarthritis Study (MOST) [24].

It was found that aerobic exercises have similar effects to mind-body exercises
for controlling pain. Mind-body exercise such as yoga and tai chi can be character-
ized as mild to moderate intensity exercise performed with an intentional awareness
(mindfulness) on breathing and slow controlled movement [25]. Although the
underlying mechanism is not clear, the effect of both mind-body and aerobic exer-
cises may be related to the possibility that these exercises affect the altered central
nervous system such as central pain sensitization, mood disorders, and sleep dis-
turbance. Pain experience is the result of interactions between these central failure
and peripheral pain mechanisms, as aerobic and mind-body exercise can influence
both central and peripheral pain mechanisms. There is no satisfactory explanation
for the poor effect of mixed exercise, particularly when considering that there are
many domains of physical impairment in people with OA [23].

So far, NSAIDs, symptomatic slow-acting drugs for OA, analgesics, bone-acting
agents, putative disease-modifying agents, and agents for intra-articular injec-
tion including HA and corticosteroids have been used as pharmacological agents
for treating OA. However, it has been reported that these agents are not efficient
against the main cause of OA, may cause some side effects, and are not adequate
for the long-term management of OA. NSAIDs are the most commonly used drugs
for the management of OA. They showed moderate improvement against OA pain;
however, it is advised that NSAIDs be used intermittently and not advised for longer
periods. NSAIDs can be classified as cyclooxygenase-2 selective agents and nonse-
lective agents [26].
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2. Putative disease-modifying agents

Putative disease-modifying drugs for OA like doxycycline, sprifermin, and cin-
dunistat have not proved significant improvements of the joint so far although the
clinical trials conducted to prove the effect of these drugs are still under trial [18].

3. Bone-acting agents

Bone-forming agents or antiresorptive agents like zoledronic acid, risedronate,
strontium ranelate, calcitonin, and vitamin D are classified as bone-acting agents
for the management of OA. They are bone-acting agents that showed some recorded
effect in the turnover of subchondral bone, although these agents did not show a
significant improvement in the structure of the joint [26].

4. Agents for intra-articular injection

Agents for intra-articular injection include HA and corticosteroids like triam-
cinolone, betamethasone, and methylprednisolone. Intra-articular injection of
corticosteroids showed a greater beneficial effect. Furthermore, during follow-up
periods of 3 and 6 months, intra-articular injection of HA showed a better thera-
peutic effect. Intra-articular injection of a combination of HA and corticosteroids
showed a moderate beneficial effect on the pathological process of OA. However,
for long-term pain control, intra-articular injection of HA did not show a signifi-
cant improvement [26].

Use of nonpharmacological modalities (e.g. exercise) as a first-line management
for knee OA is little to be compared with pharmacological modalities and usually
associated with higher rates of surgical interventions. The results indicate that
nonpharmacological agents such as exercise and weight reduction are effective in
management of knee OA with minimal adverse side effects. Therefore, exercise
and weight reduction should be advised as part of the treatment in most patients
owing to their minimal side effects and cost effectiveness, as well as associated
health benefits. It is important to specify resources and invest in supporting general
practitioners and other primary health care providers to provide lifestyle interven-
tions as a tool in managing knee OA [27].

Irrespective of a large body of evidence concerning the benefits of their use,
opiates are used to manage pain associated with Knee OA. No studies fulfilled the
inclusion criteria as the follow-up periods of these studies concerning safety were
less than 6 months. A recent systematic review of chronic pain management found
that there is insufficient evidence to support the effectiveness of long-term opioid
therapy [28]. Opioids provide effective analgesia; however, benefits are usually
encountered by frequent side effects such as nausea (30%), dizziness (20%), vomit-
ing (13%), constipation (23%), and somnolence (18%) as well as the risk of addic-
tion increases on chronic opioid use. The evidence on the safety and effectiveness of
long-term opioid therapy for Knee OA cannot be evaluated. This is a concern and a
limitation of the available evidence related to management of Knee OA. In the USA,
there has been a significant increase in opioid prescriptions for patients suffering
from knee OA, and opioids were prescribed to 15.9% of patients with knee OA [29].
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Chapter7

Non-Surgical Regional Therapy
for Osteoarthritis: An Update and
Review of the Literature

Harold Wilson-Morkeh and Charles Mackworth-Young

Abstract

Osteoarthritis (OA) is the most common joint condition worldwide. It can lead
to chronic debilitating symptoms that can be definitively managed with surgical
techniques at times. More frequently however, either due to age, extent of disease
or patient choice, non-surgical approaches are preferred. They include topical
therapies such as thermotherapy, ultrasound, laser treatment, non-steroidal
anti-inflammatory drugs (NSAIDs) and capsaicin cream. Injections are another
technique often implemented. These consist of intra-articular (IA) corticosteroid or
hyaluronan injections, trigger point injections and subcutaneous sodium salicylate.
Acupuncture and various types of external support are also widely used. This chap-
ter examines the latest evidence and summarises the role of the various regional
treatments available for use in the management of OA.

Keywords: osteoarthritis, joint pain, regional therapy, topical therapy

1. Introduction

Osteoarthritis (OA) is the most common chronic joint condition in the world
and affects nearly 9 million people in the United Kingdom alone [1]. It manifests
clinically as localised joint pain, stiffness and occasionally swelling.

OA can occur as a primary idiopathic phenomenon with no prior causative trauma,
although more frequent are cases of secondary OA appearing as a result of pre-
existing joint damage [2]. This is often in the context of inflammatory arthropathy or
previous injury. Risk factors for primary OA include advancing age, female sex, family
history and obesity [1-3]. The disease can be restricted to a single joint or become
more widespread, affecting multiple joints. In severe cases, it can progressively lead to
significant deformity, loss of function and a reduced quality of life [1, 4].

Treatment has mainly focused on symptomatic relief from pain, physical
approaches such as rehabilitation and physiotherapy, disease-modifying treatment
(such as hydroxychloroquine) and surgery. Pain relief with systemic drugs has draw-
backs. In particular, the use of non-steroidal anti-inflammatory drugs (NSAIDs) has
been associated with significant adverse events including gastritis and increased risk
of cardiovascular disease. In view of this, there has been increased interest in local-
ised treatments for OA; specifically, therapies that are localised to the affected joint
itself. These can be divided into topical treatment, such as anti-inflammatory gels,
creams and thermotherapy, and more invasive local treatment including joint aspira-
tion and intra-articular (IA) joint injection with corticosteroid and hyaluronans.
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2. Topical treatments
2.1 Thermotherapy

Thermotherapy refers to the application of either heat or cold (cryotherapy) to
affected joints in an attempt to improve pain, stiffness and swelling.

Ice massage and the application of ice packs have both been studied in knee
osteoarthritis [5-10]. It is likely that most of the observed effects of cryotherapy
are related to the induction of local vasoconstriction. This leads to a reduction in
blood flow, lower levels of local inflammation and reduced swelling. In one review
[7], cryotherapy was found to reduce pain, stiffness and oedema. Regular ice
massage, given five times a week, led to clinically significant effects on all three
symptoms as well as function, strength and range of movement over a 2-week
period [8]. However, these improvements were not replicated with less frequent
applications (three times per week) [9]. There are no data to indicate a sustained
effect of cold therapy on osteoarthritis as these studies looked only at a limited
duration of therapy.

Common methods of superficial heat administration include the use of
electrical heating pads, heat packs, towels or wax. Immersion in warm water or
wax baths has also been shown to provide some subjective benefit. In some early
trials, heat application failed to improve function or symptoms [8, 9]. In recent
years, however, various studies have investigated different modalities of local
heat therapy [10-13]. These include the application of heat packs [12], ultra-
sound [11, 13] and diathermy. The application of local heat packs has been found
to provide short-lived alleviation of pain [12, 14], and in particular, wet heat
(involving liquids) has been found to be better than dry heat [15] for symptomatic
improvement.

In one study [12] 18 patients were randomised into two groups that received dif-
fering therapy over a course of 12 weeks. One was treated with application of steam
generating heat sheets for 6 hours each day, and the other performed a daily quadri-
ceps strengthening exercise regime. At the end of the study, patients in the heat-
treated group reported statistically significant improvements in their symptoms
and objective “Up and Go” times (a measure of function). The mechanism of heat
therapy in osteoarthritis is unclear, although ex vivo studies of cartilage [15, 16]
have indicated that elevating the temperature of chondrocytes may increase their
metabolism and the production of proteoglycans that are major components of
cartilage in combination with collagen. This, in part, may be secondary to increased
blood flow to the chondrocytes.

On the whole, the available data suggest that thermotherapy may be useful as
an adjunct in the treatment of osteoarthritis, although long-term benefits have not
been established, and there are no robust clinical trials evaluating its efficacy.

2.2 Local ultrasound therapy

The role of ultrasound (US) in diagnosis of musculoskeletal problems is well
established. Its popularity is in large part due to the low cost and non-invasive
nature of the modality. In recent years, there has been growing interest in its
application for therapeutic purposes [13, 17-19]. In theory, direct treatment with
US leads to local heating of the tissue at depths not achieved by applying heat packs.
There are two main techniques utilised: continuous US which leads to a rise in
temperature of the treated tissues, enhancing fibrous tissue extensibility [20] and
promoting capillary permeability [21] and pulsed wave treatment which harnesses
nonthermal effects and is beneficial for cartilage health [18].
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In vitro and animal studies [17, 18] have suggested that pulsed wave US can
increase collagen production and reduce expression of membrane metalloprotein-
ase, suggesting a protective role. However, this has failed to translate to long-term
clinical benefit: randomised controlled studies [13, 19] comparing continuous,
pulsed and sham US on knee osteoarthritis symptoms have shown no significant
difference in pain scores nor function. In general, the safety of US has been estab-
lished, and anecdotal trends have been observed, but evidence is scarce for any
significant therapeutic advantage [13, 19].

2.3 Laser therapy

Laser beam therapy directs intense light to treated tissue. Two types of laser
therapy have been trialled in osteoarthritis: low-level and high-intensity. Low-level
laser therapy (LLLT) uses red and infrared light wavelengths, whilst high-intensity
laser therapy confers higher wavelengths of radiation for deeper tissue penetration.
LLLT produces a photochemical rather than thermal response and has been found
to reduce pain by modulating the local inflammatory process at a cellular level
[22]. This involves the increased production of reactive oxygen species (ROS) and
enables transcription of cellular components such as nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-«B) that help modulate cell proliferation
and growth (Figure1).

In one rat model of osteoarthritis, laser therapy caused a reduction in neutrophil
migration, oxidative stress, altered levels of cyclooxygenase-2 and other pro-
inflammatory mediators [24]. Another demonstrated that LLLT stimulates tissue
repair and reduces the rate of extracellular matrix degradation [25]. There is also
some evidence that LLLT promotes fibroblast proliferation, collagen synthesis and
bone regeneration [26-31]. In a rabbit model of osteoarthritis, 6 weeks of treatment
with laser therapy not only resulted in less pain but also histological evidence of
reduced inflammation and cartilage damage [32].

This suggests that LLLT could have disease-modifying effects as well as symptom-
atic benefits, although the results of early clinical trials have been mixed thus far [33].
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Mechanisms of low-level light thevapy (veproduced from Ref. [23] ). Abbreviations: ATE, adenosine triphosphate;
ROS, reactive oxygen species; NO, nitric oxide; Jun/Fos, Jun and Fos protein subunits; IkB, inhibitor of kappa
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Recent studies have tended to be more positive with those treated with laser therapy
and exercise faring better than those treated with exercise alone in terms of pain mea-
surements as well as function [34, 35]. These studies suggest that LLLT in combination
with standard physiotherapy could provide advantages over standard therapy, and

it shows potential as a non-invasive, safe and cost-efficient treatment modality [36].
Once again, however, evidence is lacking regarding long-term effects and whether the
cellular effects seen modify disease progression.

2.4 Topical non-steroidal anti-inflammatory drugs

The mechanism of action of non-steroidal anti-inflammatory drugs is well-
known. They inhibit the action of cyclooxygenases (COXs) responsible for the
synthesis of prostaglandins (PGs), which are recognised mediators of inflam-
mation [37]. Locally this reduces pain, swelling and heat. There is a large body of
evidence in animal models of NSAIDs also providing central analgesic actions, with
mechanisms involving spinal regulation of COXs and PGs as well as the induction
of endogenous opioid peptides and blockade of serotonin release [38].

It is clear to see, therefore, why systemic NSAIDs have long been used in man-
agement of osteoarthritis. However, significant side effects including gastritis,
renal impairment and increased risk of cardiovascular disease has meant that their
long-term use has been limited. This has led to the promotion of topical NSAID use,
theoretically providing local analgesic and anti-inflammatory benefits without the
undesirable systemic adverse effects.

There are many types of topical NSAID. Preparations containing diclofenac,
ibuprofen, piroxicam, ketoprofen or felbinac as the active ingredient all exist. Some
include a penetration enhancer such as menthol or dimethyl sulfoxide (DMSO),
whilst gels and sprays tend to be more penetrative than cream preparations. Once
applied, a topical NSAID is absorbed by the underlying tissue or enters the local
blood stream. Studies have shown that the absorption of NSAIDs into the underly-
ing tissue gives rise to therapeutic local concentrations of the drug without signifi-
cant systemic absorption [39, 40]. An estimated 3-7% of the applied dose is thought
to be absorbed systemically [39] with plasma concentrations approximately 5% of
those achieved with oral administration [39].

The skin acts as a reservoir from which the drug disseminates to the deeper
tissue. Peak concentrations in the skin are achieved 2 hours after application with a
further spike approximately 19 hours later, likely secondary to systemic absorption.
Further proof of their local action is the absence of analgesic effect at joints distant
to the point of application [41].

There have been many studies looking into the efficacy of topical NSAIDs in
treating osteoarthritis [42-48]. On the whole, these have found topical NSAIDs
to be superior to placebo in the treatment of chronic pain. Most of the initial
studies found no benefit beyond 2 weeks of treatment [42-48], but larger ran-
domised controlled trials demonstrated long-term benefit for up to 3 months
when compared to placebo [49, 50].

When compared to oral NSAID use, the results have been variable. A meta-
analysis in 2006 [48] found that topical NSAIDs were less effective than systemic
NSAIDs. Since then, however, there have been several studies showing comparable
effectiveness. Two studies comparing oral diclofenac with a topical prepara-
tion of the drug [51, 52] found no difference in pain scores or physical function.
Furthermore, those in the topical treatment arm had a much lower incidence of
severe gastrointestinal side effects, deranged liver function tests and abnormal
creatinine clearance [51, 52]. These results were replicated in another study compar-
ing oral and topical treatment with ibuprofen for knee osteoarthritis [50].
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On the whole, topical NSAID use is associated with fewer systemic adverse
events [42, 46, 51, 52] than oral preparations. The main side effect associated with
topical NSAID use is local skin irritation, which has been reported in up to 39.3%
of patients [53]. However, these skin reactions occur in equal measure with placebo
gel application indicating that they may not be related to the active drug itself [46].
Other studies also suggest that skin reactions may be more common with solutions
containing DMSO than diclofenac sodium gel (DSG) [44]. There is some contradic-
tory evidence regarding their safety in older patients as some studies have found the
rate of gastrointestinal side effects in the over 50s to be as high as 15% [53].

Overall, the data suggest that topical NSAIDs may be considered as first-line
therapy for osteoarthritis as they are efficacious and associated with fewer adverse
events. As with oral use, however, there should still be caution about their long-
term application in the elderly as these patients are known to be more prone to
adverse events.

2.5 Other topical treatments

Topical capsaicin cream has been used to treat a multitude of different painful
conditions including osteoarthritis, inflammatory arthritis and neuropathic pain.
Derived from chilli peppers, capsaicin is a lipophilic alkaloid that acts as a local
irritant. It activates local pain receptors (c-nociceptors) leading to the release of
substance P [54]. This in turn causes local irritation in the initial phase of treat-
ment. With repeated use, however, levels of substance P are depleted, leading to
desensitisation of the pain fibres and hypoalgesia [55].

In clinical practice, capsaicin is more effective than placebo for the treatment of
chronic pain but compares less favourably with other treatments. In a meta-analysis
comparing capsaicin with plaster for instance, capsaicin was found to be only
marginally effective [56]. Other drawbacks include the need to use the cream four
times a day for maximum benefit, as well as the local irritation and burning sensa-
tion when the cream is applied (occurring in up to 40% of patients) [57, 58]. These
problems cause 10% of patients to discontinue treatment [56]. In view of this,
topical capsaicin should be used in conjunction with more traditional treatments.

Other topical treatments include the use of salicylate or nicotine esters, which
can be classed as local counterirritants and rubefacients, and lidocaine patches.
Rubefacients cause localised vasodilatation and reddening of the skin that
result in a local sensation of warmth, which often palliates pain. Irritation of the
sensory nerve endings in underlying muscle and tissue is a by-product of their
application and thought to modify pain pathways [59], but their main action is
regional skin irritation.

The available evidence does not support their use for acute injuries or for chronic
conditions such as osteoarthritis, though they are relatively well tolerated in the
short term [60]. When compared to topical NSAIDs, counterirritants performed
poorly [60]. This has led to numerous recommendations advising the discontinu-
ation of routine rubefacient prescriptions in England, with patients signposted to
alternative, more efficacious local treatments [61].

Lidocaine patches are not currently licensed for use in osteoarthritis in the
United Kingdom, instead being more commonly utilised in the context of post-
herpetic neuralgia. There is some anecdotal evidence for their efficacy in OA,
however [62]. Lidocaine forms cations following ionisation with hydrogen ions and
reversibly inhibits voltage-gated sodium channels on the internal surface of neuro-
nal surface membranes when bound [63]. This prevents an influx of sodium cations
(Figure 2) which in turn leads to a failure of nerve depolarisation resulting in the
diminished pain signalling that has been observed in some clinical trials.
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Figure 2.
The effect of lidocaine on a voltage-gated sodium channel. Abbreviations: LA, lidocaine; Na, sodium;
H, hydrogen, ECF, extracellular fluid, ICE, intracellular fluid.

One open-label multicentre study investigated the effect of application of lido-
caine to the area of maximal OA pain in OA of the knee [62]. A 5% lidocaine patch
was applied for 12 hours at the same time each day for a period of 2 weeks with
significant improvement in pain and functional scores when this treatment was used
as an adjunct to more conventional systemic analgesia. Furthermore, there were mini-
mal adverse effects seen, and the treatment was well tolerated in the patient cohort.

Clearly, randomised control trials are required to support the anecdotal data, as
a sustained benefit has yet to be proven. It should also be noted that the symptom-
atic improvement observed was related to the use of a lidocaine patch as an adjunct
to therapy, rather than a lone therapeutic agent in the management of OA. Asin the
case of capsaicin or rubefacients, lidocaine acts as a painkiller but has no disease-

modifying capacity.

3. Local injections
3.1 Intra-articular corticosteroids

Intra-articular corticosteroid injections are frequently used to treat osteoarthri-
tis. They work locally via anti-inflammatory effects, inhibiting the inflammatory
cascade predominantly through the glucocorticoid receptor (GR) on both genomic
and non-genomic levels (Figure 3). The genomic pathway largely comprises GR
binding leading to the recruitment of complexes that influence the activity of RNA
polymerase II. This affects gene transcription and repression. The GR also directly
binds subunits of transcription factors such as NF-xB and activator protein-1
(AP-1), interfering with their activation and inhibiting the production of pro-
inflammatory cytokines.

The non-genomic pathway is set in motion within seconds of GR binding.
Various signalling cascades are activated such as those that inhibit phospholipase A2
activation and subsequent arachidonic acid release. These result in a downregulation
of cyclic endoperoxides that are key components of the inflammatory response [65].

Local injection avoids many of the systemic problems associated with oral cor-
ticosteroid use and allows delivery of high doses to the affected tissue. Response to
IA injection, however, does not appear to be dependent on inflammation within the
affected joint itself [66]. Additional studies looking at whether inflammation detected
on ultrasound predicted clinical response found that those without inflammatory
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GENOMIC NON-GENOMIC
MEDIATOR GR [cytosolic) GR (cytosalic or membrane-bound)
RNA Palymerase |l PI3K
MAIN TARGETS NF-kB (p&5 subunit) AKT
AP-1 [Jun subunit) MAPKs
LATENCY Hours Seconds to minutes
Activation of gene transcription and Inhibition of phospholipase A2
RESPONSE repression Phosphorylation of annexin 1
Impaired release of arachidonic acid

Figure 3.

Su%nmary of the glucocorticoid signalling pathways (reproduced from Ref. [64] ). Abbreviations: GR,
glucocorticoid veceptor; NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells; AP-1, activator
protein-1; PI3K, phosphoinositide 3-kinase; AKT, RAC-alpha serine/threonine-protein kinase; MAPKs,
mitogen-activated protein kinases.

change fared better in response to IA injection than those with evidence of inflam-
mation. Furthermore, the presence of synovial thickening, synovial fluid volume and
white cell count did not predict better response to IA injection [66, 67]. In knee OA,
joint aspiration prior to IA injection appears to provide greater symptomatic benefit
[67]. This is partly due to anatomical confirmation on prior aspiration and concen-
trated drug delivery due to a lower volume of overall synovial fluid [68].

Commonly, IA injections are diluted with local anaesthetic to provide immediate
relief, ensure accurate drug delivery and allow even dispersal of the drug within the
joint due to the larger volume [69]. Frequently used corticosteroids in IA injections
include hydrocortisone acetate (HCA), methylprednisolone acetate (MPA) and
triamcinolone acetonide (TCA). These vary in solubility with the HCA being the
most soluble of these three and TCA the least soluble. Less soluble preparations are
longer acting and theoretically provide more long-term relief.

This effect is not always observed in clinical practice, however. In one ran-
domised control trial comparing MPA (more soluble and shorter acting) and TCA in
knee osteoarthritis, greater improvement in pain scores was found in the TCA group
at 3 weeks than in MPA, although there was no difference between the two groups at
8 weeks [70]. There was also no significant difference in functional scores [70].

Further studies have investigated whether IA steroid injections provide symp-
tomatic or functional benefit in knee osteoarthritis [66, 67, 71, 72]. These demon-
strated short-term improvement in pain generally up to 4 weeks, though a small
proportion of patients reported benefit to 6 weeks. Conversely, no improvement
in function was seen when compared to placebo, and follow-up beyond 6 weeks
did not reveal longer-lasting benefits. These results were further corroborated in a
Cochrane systematic review [73]. This suggests IA steroid injections should be used
as a short-term bridging treatment to resolve acute painful flares pending further
intervention such as physiotherapy or surgery. Similar trials observing IA injections
in the hip echo the results of those studies focusing on the knee: patients gained
rapid and short-lived pain relief following injection, but these benefits were not
maintained beyond 1 month [74, 75].

Other studies, focused specifically on another joint commonly affected by osteo-
arthritis, the first carpometacarpal (CMC) joint, uncovered more variable results
related to long-term relief. In one study of 40 patients, no benefit was observed
between IA steroid injection when compared to placebo [76]. Unsurprisingly,
patients less likely to have sustained long-term benefits had more significant
radiographic appearances (increased number of osteophytes and advanced joint
space narrowing) [77]. In patients with less advanced disease, IA first CMC joint
injection could provide symptomatic relief for up to 18 months following injection
and splinting [77].
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Although IA injections avoid the potentially toxic side effects of systemic
steroids, they are not without risks themselves. All patients undergoing IA injec-
tion should be consented for the risk of infection, although this is a rare event
(incidence reported between 1in 3000 and 1 in 50,000) [78] and may be clinically
difficult to differentiate from an injection-induced crystal arthritis which can occur
in 2-6% of patients [67, 71]. In general, septic arthritis following IA injection occurs
3-4 days post procedure. There is a risk of lipoatrophy at the site of injection (esti-
mated 0.6% of patients) [79], although this can be reduced by using shorter-acting
preparations. Other serious local adverse events include tendon rupture, muscle
wasting and local depigmentation. These risks can be minimised by performing
image-guided injections where possible.

Systemic adverse events are rare with local corticosteroid injections, but as there
is evidence for systemic absorption, they do still occur [80]. The most common is
flushing which occurs in up to 40% of patients [81]. There have been reported inci-
dents of unstable diabetic glycaemic control postinjection but this tends to be minor
and usually settles [82]. Studies looking at the endocrine axis in patients who had
received IA steroid injections found that serum cortisol dipped 24-48 hours after
IA injection and took up to 4 weeks to return to baseline [80]. Major complications,
such as steroid-induced osteoporosis, have not been observed, however [82].

Studies in animals have suggested that IA steroids can induce chondrocyte
degeneration [83], but prospective clinical trials where patients received regular
IA injections have failed to demonstrate an increased rate of cartilage loss [84].
There are also limited data to support a significant increased risk of osteonecrosis in
injected joints. Nevertheless, repeated IA injections offer no long-term benefit [73]
and should generally be avoided except for rapid pain relief in the short term in the
absence of superior alternatives.

3.2 Intra-articular hyaluronic acid/hyaluronan

Hyaluronic acid (HA), also known as hyaluronan, is a large glycosaminoglycan
molecule found in synovial and cartilage extracellular matrix (ECM). It is produced
by synoviocytes, chondrocytes and fibroblasts and functions as both a lubricant
and a means to maintain hydration within the joint [85]. Studies have shown that
osteoarthritic joints have decreased hyaluronan content in the synovial fluid [86]
and therefore IA injection with a synthetic analogue was a method developed to
restore the function in degenerative joints.

Chondroprotection is the most frequent mechanism proposed in favour of the
use of IA-HA [87]. This term specifically refers to the reduction of chondrocyte
apoptosis as well as an increase in chondrocyte proliferation that occurs when
HA binds to CD44 receptors. This results in inhibition of the well-known pro-
inflammatory cytokine interleukin (IL)-1f through induction of mitogen-activated
protein kinase phosphatase (MKP)-1 [88].

Synthetic preparations of HA closely mimic endogenous molecules. Later
preparations contain cross-linked hyaluronan in order to achieve greater elasticity
and viscosity. In theory, this confers greater intra-articular durability of the solu-
tion. Preparations with a higher molecular weight also seem to be more beneficial
than those with a lower weight [89]. This may be related to the difference in volume
required for injection, the number of injections required and the intra-articular
durability of the solution.

Multiple studies have been conducted investigating the efficacy of IA injections
of hyaluronans in osteoarthritis, mostly affecting the knee, and the evidence to
support their use has been mixed. In general, HA appears to be better than placebo
in improving pain scores, function and patient global assessment in the context of
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knee osteoarthritis [90]. The greatest clinical benefit is achieved at week 5-13 after
a course of treatment of several injections. However, one of the drawbacks of the
available data is the wide variability in trial design, frequency of injections and
molecular weight of the administered synthetic product. Additionally, in hip OA,
HA injections were not superior to placebo or corticosteroid injections in reducing
pain or improving function [91]. There were similar findings in studies looking at
OA of the hand [92].

Though HA is relatively safe, its use is restricted by the relatively high cost
of the treatment [87]. It is generally reserved for knee osteoarthritis and, like
corticosteroid, is offered either as a holding measure until more definitive treat-
ment can be undertaken (e.g. surgery) or in patients for whom such treatment is
inappropriate.

3.3 Subcutaneous and soft tissue injections

Trigger points are localised areas of tenderness and thickening in the soft tissues.
They are typically located proximal to an inflamed or painful joint such as the
rectus femoris in patients with knee OA and paraspinal regions in the cervical and
lumbar spine [93]. They have also been described as interstitial fibrositis, myofasci-
itis and myofascial trigger points [94-96]. The aetiology and pathogenesis of trigger
points are unknown.

Trigger point injections (TPI) have been used as a way of alleviating pain and
discomfort associated with these areas of thickening. This can be via direct injec-
tion of medication (e.g. local anaesthetic and/or corticosteroid) into the point of
tenderness or indirect needling of the soft tissue in that area. The trigger point is
identified as the maximal area of tenderness in the muscle and is usually isolated by
the thumb and forefinger to prevent movement in the underlying muscle. A small
sterile needle is then introduced into the area, and the substance is injected directly
within. Alternatively, a dry needle approach (without medication) can be used. If
the injection is performed correctly, there is typically an initial acute worsening of
pain associated with muscle spasm [97].

A systematic review of TPI in the management of chronic musculoskeletal
pain revealed an improvement in symptoms when used exclusively [98]. This was
irrespective of the injectant used [98]. The addition of a local anaesthetic, however,
has been found to reduce the pain and irritation that is temporarily caused by the
procedure [96].

There are limited data on the efficacy of TPI in the treatment of osteoarthritis.
One study found that TPI in conjunction with IA corticosteroid was more effective
than IA injection alone evidenced in both pain and functional scores [99]. Other
studies have looked at TPI as sole treatment for OA, but this does not reflect clinical
practice. Overall, TPI is safe and can be used as additional therapy in OA, though
consideration should be made on a case-by-case basis.

Medication used in TPI includes local anaesthetic, corticosteroids, anti-inflamma-
tories such as acetylsalicylate and ketorolac, as well as saline and water [96, 100-104].
There have also been several studies looking at the use of subcutaneous salicylate
therapy for OA. In one trial 40 patients with OA of the first CMC joint [105] were ran-
domised to receive either sham injection or subcutaneous injection with salicylate into
trigger points. Patients were assessed blindly at 3, 7 and 13 weeks. Pain scores were
significantly lower in those treated with salicylate than with sham injections [105].

The mechanism of action of subcutaneous salicylate injections is unclear,
particularly as the site of injection is not within the affected joint. One theory is that
salicylate may alter central sensitisation, and this is supported by the immediate
relief patients report following injection. An alternative hypothesis is that the local
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effect of salicylate modifies the neurogenic control of inflammation, which may be
abnormal in diseases that affect musculoskeletal structures such as OA [106, 107].
Changes in the expression and transport of neurogenic peptides may be induced by
the local irritant effect of salicylate [108]. Systemic anti-inflammatory effects are
unlikely, since the benefits are generally not observed in distant sites [105].

There is a degree of overlap between TPI and acupuncture in that the injection
sites are standard acupuncture locations. Acupuncture involves the insertion of
fine filiform needles at or near the tender anatomical site or sometimes at distant
acupuncture “points”. In a variation of this, the needles are sometimes stimulated
electronically or with heat. Patients typically receive six or more sessions for a
complete course of treatment. A systematic review of 393 patients with OA found
acupuncture significantly improved pain but not function when compared to sham
acupuncture [109-116]. In addition, results were no better than standard treatment
with physiotherapy or being on a waiting list to receive acupuncture [109, 112].
There was also no additional benefit seen when using acupuncture as an adjunct to
standard therapy with exercise and advice [115]. Moreover, there is little evidence
for long-term benefit following acupuncture treatment, as symptomatic improve-
ments tend to last up to 12 weeks only [109, 112]. Acupuncture is relatively safe,
however, with minimal risks of serious side effects [113-116].

4, Orthoses

Osteoarthritic joints may be reinforced by various forms of external support
known as orthoses. These applied devices modify the structural and functional
characteristics of the neuromusculoskeletal system. Benefit can be obtained by
adjusting alignment, reducing stress or load, providing shock absorption or simply
resting the joint.

Orthoses such as braces, splints and elasticated sleeves are frequently used in OA
of the hand and knee. Thumb and wrist splints are employed in hand OA, whilst
knee sleeves and unloading braces can be useful adjuncts in knee OA. Medial patel-
lar strapping can be specifically helpful for patellar maltracking [117]. Shoe insoles
may be of benefit in OA affecting the ankle and knee and can sometimes alleviate
symptoms caused by OA of the hip. Insoles can be differentiated into cushioned
or neutral subtypes, which have shock-absorbing properties, and wedged insoles,
which offset varus or valgus deformities as well as modulate mechanical stress.

For OA of the knee and ankle, the main purpose of orthoses and insoles is to
support a joint that is unstable and to help correct alignment [118]. They can modify
load bearing, contribute to pain reduction and improve physical function. There
is also some evidence that they can improve proprioception [119] and they may
slow disease progression [120]. They are especially useful for mild or moderate
uni-compartmental knee OA where there may be varying degrees of instability and
malalignment [121, 122].

Unloading knee braces are designed to reduce the load transmitted to the
affected compartment by applying an external valgus or varus force. Symptomatic
relief is achieved by stabilising the joint, increasing joint opening and reducing local
muscle contraction [120]. One study [123] demonstrated that patients with medial
compartment knee OA treated with unloading knee braces had better functional
and symptomatic outcomes at 6 months. These results were not replicated in other
studies [124] although there is evidence they can improve quadricep strength and
gait symmetry [125].

The main disadvantage of these braces is poor tolerability due to the weight and
heat of the device. In one study, 41% of patients complained of skin irritation [126],
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and up to 20% of patients discontinue use within 6 months [127]. Overall, there is
limited evidence that braces or insoles provide an additional beneficial effect for
knee OA when compared with medical treatment alone [128].

On the other hand, splinting of the thumb CMC joint has been found to be
helpful in improving function and pain [129]. CMC joint OA contributes more to
pain and disability than interphalangeal joint OA [130], and thus splinting of the
CMC joint is logical. In a systematic review in 2010, CMC splinting was found to
improve function and grip strength [129]. Further RCT data has corroborated this
finding and demonstrated sustained benefit at 12 months [131]. However, these
splints are inevitably somewhat cumbersome to wear and inhibit many day-to-day
manual functions.

In general, splinting might be useful for symptomatic relief and may even
improve function with prolonged use in appropriately selected patients.

5. Mesenchymal stem cells

The next frontier in local osteoarthritis management is likely to involve the
use of mesenchymal stem cells (MSCs). These pluripotent cells have the capacity
to differentiate into a variety of cell types, including chondrocytes, making their
potential use in osteoarthritis a highly attractive prospect [132].

MSCs can undergo chondrogenesis and have been combined with a number of
materials that support this differentiation, including the aforementioned polymer
HA [133]. Neocartilage formation, hypertrophy and matrix calcification, as is seen
in the terminal differentiation of hypertrophic chondrocytes in the growth plate,
have been observed in vitro [134] and in mice [135] resulting in the efficient forma-
tion of bone. There are various hypotheses as to how this might occur. They include
the inhibition of apoptosis [136] and subsequent immunomodulation [137] both of
which are currently being tested in murine models of OA.

Clearly, translation to human studies is required before MSCs become a viable
clinical option in the local treatment of OA, but there is understandable optimism
that this therapy may herald a long-term solution to slowing the rate of articular
cartilaginous degeneration and subchondral bone remodelling.

6. Conclusion

There are numerous local treatments for osteoarthritis. The majority of local
therapies are safe and avoid any significant systemic adverse effects. They mostly
provide symptomatic relief. In many cases this is of undoubted value to individual
patients, particularly during the inflammatory phase of OA. In some cases there
may be a useful placebo effect. In general, these therapies should be used as
adjuncts to physiotherapy and systemic analgesia which remain the mainstay of
conservative OA management. The choice of local therapy in an individual patient
should be guided by the severity of disease, local experience and patient preference.

Some of these treatments, for instance, IA injections and orthoses, are well
established and have been used in clinical practice for many decades. Other more
novel approaches have been developed such as local laser therapy and subcutaneous
sodium salicylate injections. However, for all the therapies described in this chapter,
there are only limited data to demonstrate long-term benefit. Further studies are
required to establish their lasting value. In the meantime these treatments remain
valuable as temporary measures for many patients, particularly those with flares of
symptoms or who are awaiting more definitive treatment.
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Abstract

Osteoarthrosis is the most common chronic joint condition, the aetiology of
which is still not completely clear. Initial phases of disease are treated conserva-
tively applying physical rehabilitation procedures and medications. Advanced
stages need surgical treatment with numerous procedures, depending on the joint
affected. Joint arthroplasties are procedure of choice, especially for big joints of the
extremities. As osteoarthrosis occurs bilaterally very frequently, there are a growing
number of patients in need for operation of both joints. Those procedures can be
performed under single anaesthesia or staged procedure, with delay between two
surgeries. There are many advantages and disadvantages of both approaches cited
by different authors. There is consensus of authors in available articles regarding
benefits of single-stage procedure: lower cost, shorter hospital stay, single reha-
bilitation period and better functional results. Authors disagree about safety of a
single-stage bilateral procedure as well as incidence of complications and criteria for
selection of patients for safe performing of simultaneous procedure.

Keywords: osteoarthrosis, hip, knee, bilateral, simultaneous

1. Introduction

Osteoarthrosis is the most common joint disease in humans [1]. The American
College of Rheumatology defines it as a heterogeneous group of joint affections that
lead to occurrence of joint symptoms and signs related to damage of joint cartilage
integrity, accompanied by changes in subchondral bone and surrounding soft
tissues. Aetiology of osteoarthrosis remains only partially known for the time being.
It is considered to have multifactorial causes, and its occurrence is a final result of
interaction of systemic factors (older age, increased body weight, etc.) as well as
local risk factors (mechanical load, injuries, etc.).

Osteoarthrosis can be treated both conservatively and surgically. Conservative
treatment options can be divided into pharmacological and non-pharmacological.
Those two treatment modalities tend to be combined aiming at achieving best
possible results.

Pharmacological therapy includes the use of analgesics, NSAID, corticosteroids,
oral drugs based on glucosamine and hyaluronic acid as well as intra-articular injec-
tions of sodium hyaluronate and corticosteroids. All the abovementioned therapy
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modalities have very different results as explained in available reference literature.
In the past decade or so, there has been a growing trend of regenerative procedures
involving application of platelet-rich plasma (PRP) and stem cell therapy.
Non-pharmacological options include education of patients, reduction of body
weight, exercises for muscle strengthening and stretching in order to prevent con-
tractures, application of orthosis as well as different forms of physical rehabilitation.

2. Surgical treatment of osteoarthrosis
2.1 Osteotomies of affected joint(s)

With the development of new materials and new surgical techniques, arthro-
plasties of joints have become a primary solution in surgical treatment of osteo-
arthrosis. However, there are still certain indications for osteotomies, especially
for osteoarthrosis of lower leg big joints among young adults, aiming to postpone
a total joint arthroplasty. Some studies show that at least 40% of patients with
performed osteotomies need a total joint arthroplasty only a few years later [2, 3].

2.2 Arthrodesis

Arthrodesis is a surgical fusion of joints. Nowadays it is rarely performed in big
joints, mostly as salvage procedure for treating infection after failed arthroplasty.
Arthrodesis is more frequently used in treating osteoarthrosis of small joints in
the foot.

2.3 Joint arthroplasties

At this moment, joint arthroplasties are the most preferred solution for degen-
erative changes in big joints, especially the knees, hips and shoulders. There are
numerous reports of arthroplasties of these three joints in last few decades, show-
ing excellent functional results and patient satisfaction. As about elbows, ankles,
and small joints of the hands and feet, reported arthroplasty outcomes are still not
comparable with those in the hips, knees and shoulders.

There are many different forms of joint arthroplasties regarding types of fixation,
articular surfaces and materials used for fabricating artificial joints, regardless of
whether only one or both articular surfaces of the joint are involved in arthroplasty.

3. Simultaneous bilateral joint arthroplasties

When discussing bilateral joint arthroplasties performed as a single procedure, we
are exclusively considering hip and knee arthroplasties. A single-stage bilateral arthro-
plasties of other joints are not routinely performed, and there are only a few articles
dealing with patients when both shoulders were operated in a single procedure. In
addition to this, a number of patients mentioned in those articles are quite small [4, 5].

3.1 A single-stage bilateral hip and knee arthroplasty

Osteoarthrosis of the hip (coxarthrosis) occurs at 4% of the population, and
40-70% percent of patients with coxarthrosis have both hips affected [6, 7]
(Figure1). It is considered that 97% of patients with bilateral coxarthrosis will be in

need for arthroplasty of the second hip as well [8] (Figure 2). With osteoarthrosis
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Figure 1.
Bilateral coxarthrosis.

Figure 2.
Simultaneous bilateral total hip arthroplasty.

of the knee (gonarthrosis), it is estimated that 10% of patients older than 55 years
have clinical symptoms of gonarthrosis [9], with 30-50% of patients having both
knees affected and will be in need of bilateral surgery [10, 11] (Figures 3 and 4).
Patients with bilateral hip or knee osteoarthritis can be surgically treated in a single
procedure, by replacing both hip and knee joints under single anaesthesia, or they
could be treated in a two-stage procedure with a break between two procedures.
Period between two procedures significantly differs among authors. Having in mind
differences among authors when it comes to bilateral hip and knee arthroplasties in
a single procedure, we shall analyse them separately.
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Figure 3.
Bilateral gonarthrosis.

Figure 4.
Simultaneous bilateral knee arthroplasty.

3.2 Simultaneous bilateral total hip arthroplasty

The first simultaneous bilateral total hip arthroplasty was published in 1967
[12]. Jaffe and Charnley published an article in 1971, analysing results of this
procedure in 50 patients [13]. Authors found minimally increased risk of complica-
tions in a simultaneous group compared to a staged group and noticed advantages
of the simultaneous procedure: a single anaesthesia, a single rehabilitation period
and shorter hospital days (unlike two hospital slots in a staged procedure). In the
succeeding years, multiple authors will have published their results with perform-
ing a single-stage bilateral total hip arthroplasty, with lack of consensus regarding
safety of procedure, patient selection and frequency of complications. At the same
time, authors agreed about benefits of this simultaneous procedure: a significantly
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better functional recovery and rehabilitation. Some authors have even claimed that
a full functional recovery of patient is possible only after implantation of endo-
prosthesis in both hips and that functional scores on operated hips are lower if only
one hip is operated than in patients with both hips operated in the same procedure
[14]. Patients operated in a single procedure achieved better range of movement
and better functional satisfaction without significant difference in pain [15]. There
are also discrepancies when it comes to the period of time recommended between
two surgeries in a staged procedure. Most authors prefer a period ranging from 3 to
6 months between two hip replacements. There was also a strategy of staged surgery
during same hospitalization within 7-10 days between two operations. This one has
however been abandoned due to significantly increased number of complications
reported in majority of studies.

Authors unanimously agree that simultaneous procedure decreases hospital
expenses, numbers of hospital days as well as length of rehabilitation [16-22]. It is
estimated that hospital costs are reduced by 24-35%. Some authors quote shorter
sick leave from work as an additional advantage. There are no studies that have
analysed additional expenses (home care services, public services for patient care);
hence we may assume that that real savings are even higher.

While discussing financial side effects of the procedure itself, it is interesting to
mention that some authors fail to recommend performing a single-stage procedure
due to lower income for the surgeon and hospital [23, 24].

Authors’ opinions differ regarding selection of patients as well as the type and
frequency of complications. Comorbidity is the most important factor when decid-
ing about a safe performance of a bilateral single-stage procedure. Some authors use
general determinants such as patients without significant comorbidity, with good
general health and who are younger and healthier [17, 25-27].

While analysing articles that tried to objectivize selection of patients, it is
noticeable that American Society of Anesthesiologists (ASA) scoring system is
almost exclusively used (see below).

* ASA1: A normal healthy patient.

* ASA 2: A patient with a mild systemic disease.

* ASA 3: A patient with a severe systemic disease that is not life-threatening.
 ASA 4: A patient with a severe systemic disease that is a constant threat to life.

* ASA 5: A moribund patient who is not expected to survive without the
operation.

* ASA 6: A declared brain-dead patient whose organs are being removed for
donor purposes.

Authors’ opinions about groups of ASA scoring systems eligible for safe perfor-
mance of bilateral single-stage surgery differ as well. Some recommend performing
a simultaneous procedure with ASA 1 and 2 [28-30], others suggest this surgery
on patients from ASA 1-4 groups [31], some of them say those are patients in ASA
1and 2 and probably ASA 3 and 4, while certain authors find no differences in
complications with patients belonging to ASA 1-3 [32].

One of the major issues with bilateral simultaneous procedure was a theoreti-
cal possibility of a higher incidence of thromboembolic complications caused by
a prolonged surgical procedure as one of the best-known triggers for this kind of
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complication [27, 33]. Earlier publications dealing with simultaneous bilateral hip
arthroplasty reported a higher rate of pulmonary embolism and a slightly higher
mortality rate while performing this procedure [33-35]. Improvements in surgical
technique, anaesthesiology (introduction of hypotensive anaesthesia), antico-
agulant therapy and early mobilisation showed decrease in numbers of reported
complications of this type. Berend and Glait [36, 37] found increased incidence rate
of pulmonary thromboembolism, while majority of other authors did not mention
similar findings [20, 38-41]. Some of the authors who failed to find any thrombo-
embolic complications in their series of simultaneous procedures explain this as a
better adaptation of a patient to mobilisation protocols when both hips are operated.

Majority of authors reported higher need for transfusion in a simultaneous
group [20, 24, 29, 32, 38, 42, 43]. Bhan found lower estimated blood loss in simulta-
neous group but higher number of transfusions [19]. He explained that in a staged
group, blood loss is a sum of losses in two surgeries that are separated long enough
for organism to compensate loss from first surgery. Some authors did not discover
any increased blood loss in a simultaneous group [17, 25, 37, 44]. Glait pointed out
that an increased need for transfusion can be expected if a simultaneous procedure
is performed by a less experienced surgeon [37].

3.3 Simultaneous bilateral total knee replacement

While history of bilateral total hip replacement is very well documented, there
are almost no papers of a single-stage total knee replacement background. There is
atrend of growing number of performed TKA. In the period from 1990 to 2004,
number of bilateral total knee replacements doubled and even tripled in female
population [45].

Similar to bilateral simultaneous hip arthroplasties, there are certain differ-
ences among authors regarding safety of the procedure, potential complications
and consensus over its benefits. Overall savings from simultaneous procedure are
estimated to be 20-58% with the following contributing factors: fewer hospital
days, single medical consultations, single anaesthesia and single rehabilitation
period [18, 46]. It is also found by majority of authors that patients in a single-stage
group experience equal or better functional result and satisfaction [47, 48]. In
one study, 95% of patients would rather choose a single-stage procedure all over
again, demonstrating high level of satisfaction [46]. Differences among authors
apply to potential increased risk of systemic and local complications, as well as to
mortality rate following the procedure itself. Some register studies (the USA and
Sweden) found increased morbidity and mortality rate [49, 50], while data from
New Zealand arthroplasty registry show no differences between two procedures
in same terms [51]. Many authors have discovered with their series of patients an
increased risk in systemic complications in a single-stage group [52-55], while a few
found no difference in the incidence of complications [47, 56-58]. As per selection
of patients, there are only several articles recommending application of the scoring
system (ASA, see above). Hadley et al. recommend performing the procedure only
in ASA 1 and 2 groups [58], while several authors say this procedure is safe with
ASA 1-3 groups as well [59-61]. All authors agree there is an increased blood loss in
a simultaneous group [52, 58, 62].

4, Conclusion

While planning and selecting patients with bilateral osteoarthritis of big
joints, it is essential to balance between medical and economic efficiency of
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simultaneous bilateral procedures and safety of patients. As majority of patients in
need of bilateral surgery have significant comorbidity, it is of crucial importance
to standardise perioperative protocols for selection and follow-up of patients.
Multidisciplinary approach in a patient perception is of upmost importance; hence

it is recommended this procedure is performed in facilities enabling this and by
highly trained and experienced surgeons.
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