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Preface

This book was born of another initiative of the publisher InTechOpen, one of the pioneers in
the movement for free access to knowledge, called Open Access. Through its extensive net-
work of contacts with researchers from several areas, the publisher invites authors to send
chapters related to the chosen theme. After a thorough review, the best chapters are selected
to compose the work, thus ensuring the quality of its content.

The etiology of osteonecrosis is still not fully understood, but one of the most respected the-
ories is bone ischemia, leading to pain and deformity of the metaphyseal bone, causing joint
deformity and incongruity. This often evolves into chronic pain and osteoarthritis. Many pa-
tients end up undergoing surgical treatments, such as knee and hip arthroplasties. However,
other bones, such as the jaw and spinal vertebrae, received little attention in the past. The
purpose of this book is to present updates on the treatment of osteonecrosis, and the reader
will find in this book very interesting chapters on topics little discussed in the field of osteo-
necrosis.

Alessandro R Zorzi, MD, MSc, PhD
Department of Orthopedic Surgery
University of Campinas, Brazil
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Chapter 1

Introductory Chapter: Unusual Aspects of
Osteonecrosis of the Human Skeleton

Alessandro Rozim Zorzi and
Jodo Batista de Miranda

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.69805

1. Introduction

Osteonecrosis, also called avascular necrosis or aseptic necrosis, is the name given to a set of
diseases that affect mainly young adults and that often evolve to deformities and osteoarthri-
tis, generating serious functional incapacity. The most affected site in the human skeleton is
the head of the femur, but it can occur in many other places.

Despite advances in the understanding of this condition, the pathogenesis, risk factors, and
diagnosis are not yet fully understood. In addition, the available treatments are still contro-
versial and may range from physiotherapy and medications to surgical procedures such as
decompression and arthroplasties [1].

Some authors report that osteonecrosis is responsible for at least 10% of the hip arthroplasties
practiced in the United States [2].

2. Etiology

The term osteonecrosis means, “bone necrosis.” Necrosis is a histopathological event that can
occur after four types of injury:

1. Physical

2. Thermal

3. Toxic

4. Circulatory.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited. [B)sy |



4 QOsteonecrosis

When we refer to osteonecrosis in orthopedics, we are actually using the term for circulatory
lesions that affect the bone, which would be better called “infarction.” Necrosis caused by
circulatory injury may be due to

1. arterial diseases

2. embolism

3. venous obstruction.

In 1915, Phemister described and differentiated histological changes from necrosis caused by

infection (septic necrosis) of those caused by circulatory changes (aseptic necrosis).

Regardless of the predisposing factor, the cause of osteonecrosis is always the inadequate
blood perfusion of the bone [3]. Bone is a rigid and nondistensible tissue. Besides that, sub-
chondral limited collateral circulation on the convex side of articular surfaces and decreased
perfusion pressure of all epiphyses, which helps to explain the higher incidence of osteone-
crosis in some regions of the skeleton.

3. Risk factors

Risk factors for osteonecrosis can be divided into three major groups, summarized in Table 1.
When no risk factor is identified, osteonecrosis is called “primary.”

Physical injury Fractures

Dislocations
Surgeries
ITonizing radiation

Electric injuries

Freezing
Lipid metabolism .
Hypercortisolism
Alcoholism
Medication
Intraosseous hypertension .
Dysbarism

Gaucher’s disease
Sickle cell disease

Autoimmune diseases

Table 1. Risk factors for “secondary” aseptic osteonecrosis [3].
4. Pathological anatomy

The following four stages of disease progression were identified [4]:

* Stage I: necrosis of bone and bone marrow without evidence of repair
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¢ Stage II: repair at the periphery of the lesion
¢ Stage III: joint surface collapse

* Stage IV: secondary osteoarthritis.

5. Diagnosis

The diagnosis of osteonecrosis is made through clinical presentation and imaging tests.

The clinical history suggestive of osteonecrosis is the acute onset of severe pain in a patient
who had no previous symptoms or who had mild chronic pain. Most of the time, there is no
history of trauma associated with the onset of pain.

On physical examination, the affected area shows tenderness and edema. In deep joints, such
as the shoulder and the hip, this can be difficult to observe. In addition, both active and passive
movements of the affected joint are painful.

Among the imaging exams, the most commonly used are simple radiographies (X-ray),
radionuclide scintigraphy (bone scan), and magnetic resonance imaging (MRI). Although
bone scan can detect changes well before X-ray, these two methods can only detect repara-
tive processes. Therefore, they can only diagnose from stage II of the disease. The advantage
of MRI is that it can detect early bone marrow changes, still in stage I of the disease [3, 5].

6. Clinical presentations

6.1. Hip

Femoral head osteonecrosis is the most common site affected by osteonecrosis and perhaps the
best studied. About 20% of the cases are idiopathic. The rest are linked to alcoholism, cortico-
steroid therapy, and other factors already described in Table 1. Surgical treatment varies. In
mild or moderate cases, there is the possibility of preserving the joint with techniques such as
decompression, osteotomies, bone grafting, and new stem cell therapies. Severe cases should be
treated with arthroplasties, which can vary in partial or total arthroplasties and resurfacing [6].

An important aspect related to osteonecrosis of the hip is the vascularization of the head of the
femur and the changes that this vascularization presents throughout life. In this sense, Ismet
Gavrankapetanovic and co-authors present us, in this book, a very interesting chapter on this
topic, addressing an unexplored topic, which is the relationship between hip development
disorder and osteonecrosis.

6.2. Knee

In addition to the traditional osteonecrosis itself, two other entities must be recognized: spon-
taneous osteonecrosis of the knee (SPONK) described by Ahlback in 1968 and postoperative
osteonecrosis (ONPK) described by Brahme in 1991.

5
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Patients with SPONK have a different epidemiological profile, since they affect women over 50
in only one joint, with a single small lesion, without the traditional risk factors (use of cortico-
steroids, alcoholism, etc.).

Similarly, ONPK has an epidemiological profile similar to SPONK, only occurring after
a surgical intervention, which is most often an arthroscopic meniscectomy indicated for
meniscal degenerative lesions. Anterior Cruciate Ligament (ACL) surgery and cartilage pro-
cedures also could predispose to ONPK.

The current trend is to consider SPONK and ONPK as subchondral bone insufficiency frac-
tures, unlike osteonecrosis, which is caused by a bone infarct [7].

6.3. Ankle

The site most affected by osteonecrosis in the foot and ankle segment is the talus. The most
frequent etiology is trauma (75%). Osteonecrosis is a complication well known and feared in
the treatment of talus fractures because of the precarious vascular supply of this bone.

One of the ways to treat and prevent osteonecrosis of the talus is through early and accurate
anatomic reduction. Once osteonecrosis is established, the first measure is limited weight
bearing. In the failure of this treatment, the surgery is indicated, being basically divided into
two groups: the arthrodesis and the ankle arthroplasty [8].

6.4. Shoulder

Osteonecrosis of the humeral head (ONHH) is an uncommon condition, but after the hip, it
is the second most common site of nontraumatic osteonecrosis. The four-part fracture is the
most common cause of ONHH.

The most widely used classification is the Cruess classification system, which has five stages
according to radiographic appearance as follows:

Stage I: normal X-ray with altered MRI;
Stage II: sclerotic bone without collapse;
Stage III: crescent sign;

Stage IV: collapse of the humeral head;

Stage V: osteoarthritis.

Treatment could be divided as nonoperative, arthroscopic debridement, core decompression,
bone grafting, and shoulder arthroplasty [9].

6.5. Elbow

The elbow is rarely affected by osteonecrosis. According to Le et al. [10], the most affected
sites are the capitellum and the lateral epicondyles, being, therefore, a rare differential diag-
nosis of tennis elbow syndrome.
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6.6. Wrist

Osteonecrosis of the wrist most commonly involves the scaphoid, lunate, and capitate.
Scaphoid is the most frequently injured bone in the carpus. It is second only to the femoral
head in the incidence of posttraumatic osteonecrosis. In the absence of trauma, it is known as
Preiser’s disease [11].

Osteonecrosis of the lunate is known as Kienbock’s disease. It is associated with trauma, over-
use, and negative ulnar variance [11].

Osteonecrosis of the capitate is a rare condition and often associated with trauma.

6.7. Spine

Osteonecrosis of the vertebral body is also known as Kummel's disease (KD), usually related
to osteoporotic vertebral fractures. It is a rare and under diagnosed disease. Elizabeth Pérez
Hernandez and co-authors gave us a rare chapter on this subject in this book.

6.8. Jaw

Unlike orthopedics, where the term osteonecrosis has been used for pathologies resulting
from aseptic bone infarction, in dentistry, the term is used in its broadest sense, indicating the
death of the bony tissue. Recently, the problem of osteonecrosis caused by the use of medi-
cines, known by the abbreviation MRON], has gained much interest.

In this book, Kenji Yamagata and Mario Pérez-Sayans Garcia present chapters that address in
depth of this relevant and current topic.

6.9. Multifocal osteonecrosis

When three or more separate articulations are involved, concurrently or consecutively, it is
called a multifocal osteonecrosis (MFON).

The most common cause of MFON is the use of corticosteroids [5]. It is therefore important
to have a high degree of suspicion in patients on chronic use of this medication that present
more than one site of involvement in X-ray. Bone scintigraphy may be helpful in these cases,
as some sites, such as the shoulders, may be little symptomatic at the beginning, when preser-
vation strategies of the joint, such as decompression, have its indication.

7. Conclusion

Publications regarding osteonecrosis rarely provide an overview of the problem. In general,
the subject is included as a chapter on books that address some specific joints, such as osteo-
necrosis of the hip and osteonecrosis of the knee.

Works dedicated to dealing with the subject also usually give greater prominence to the novelties
related to the articulations of greater prevalence.
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Although succinct, the aim of this book is to highlight some recent or little discussed topics
of the subject, hardly present in other works. In this sense, the reader will find very interest-
ing chapters, written by several specialists who deal in research and clinical practice with
the set of problems called osteonecrosis.

Author details

Alessandro Rozim Zorzi* and Joao Batista de Miranda

*Address all correspondence to: alessandrozorzi@uol.com.br

Department of Orthopedic Surgery, State University of Campinas, Campinas, Brazil
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Osteonecrosis and Hip Development Disorder
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Abstract

Blood vessel branching of the proximal femur by its scheme differs from all other major
joints. This scheme changes during the individual's development, dynamically depend-
ing on age. Namely, the caliber, blood flow rate, and dominance of certain arteries from
the entire network of blood vessels that participate in the vascular supply of the hip
are not equally expressed in all stages of development. In each successive stage, blood
supply is dominated by a different artery that, after a certain period of time, shifts its
major role to another artery. Anastomoses between individual arteries are not constant
in all stages of development, and they represent a great importance for compensatory
mechanisms. The disturbance of local arterial blood vessels, at a time when they domi-
nate the blood supply and affect the quality of hip development and maturation, leads
to reduced perfusion, and consequently, to the lack of development, ossification, and
possible osteonecrosis.

Keywords: osteonecrosis, hip developmental disorder, bone, hip vascular supply

1. Introduction

Blood vessel branching of the proximal femur by its scheme differs from all other major joints.
This scheme changes during the individual's development, dynamically depending on age.
Namely, the caliber, blood flow rate, and dominance of certain arteries from the entire net-
work of blood vessels that participate in hip vascular supply are not equally expressed in all
stages of development. In each successive stage, blood supply is dominated by a different
artery that, after a certain period of time, shifts its major role to another artery. Anastomoses
between individual arteries are not constant in all stages of development, and they represent

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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a great importance for compensatory mechanisms. The disturbance of local arterial blood ves-
sels, at a time when they dominate the blood supply and affect the quality of hip development
and maturation, leads to reduced perfusion, and consequently, to the lack of development,
ossification, and possible osteonecrosis.

The problem of the circulation and vascular network supplying bones is exposed as a main
problem in the etiology and pathogenesis of hip disorders in children which can affect later
stages of life. The authentication of the problem is quite hard since bone biology is inappropriate
for the assessment of vascular status. Results and first signs of diseases are visible after a couple
of months or even longer.

Acute or chronic ischemia in other tissues has a specific clinical presentation and symptom-
atology, which is not the case with the hip joint. Also, techniques that are applicable for vas-
cular status assessment in other tissues are almost useless for the estimation of the vascular
status on bone tissue.

2. Bone vascular system

As in other tissues, vascular system of the bones can be divided into three levels: afferent
and efferent blood vessel and a microvascular network that fills in the space between them
(Figure 1). Afferent blood vessel is composed of epiphyseal, metaphyseal, nutrient, and peri-
osteal arteries. Microvascular network consists of medullar sinusoid, cortical, and periosteal
capillaries, while the efferent blood vessel is formed of epiphyseal, metaphyseal, nutrient and
periosteal veins, and collective sinusoids. None of the mentioned vascular elements can be
considered independent. There are numerous anastomoses between them and opinions about
one's participation in bone nutrition are still divided.

| Afferent blood vessel:
epiphyseal, metaphyseal,
nutrient and periosteal artery

Microvascular network:
. medullar sinusoid, cortical and
periosteal capillaries

Efferent blood vessel:
epiphyseal, metaphyseal,

§ nutrient and periosteal vein and
A collective sinusoids

Figure 1. Bone vascularization.
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The nutrient artery is the main artery supplying the cortex of the bone. Its branches sepa-
rate under a sharp angle and do not divide further. In medullar cavity, the nutrient artery is
divided into ascendant and descendant medullar arteries. Branches separate radially out of
these supply cortices. In normal bone structure, there is a centrifugal flow meaning that blood
vessel interchange is parallel to Haver's channels and bone axis. These blood vessels drain
into venules on the periosteal bone surface. This type of vascular organization has functional
meaning allowing relatively high intramedullary pressure that can affect movements of the
interstitial fluid in bones [1].

3. Specificity of hip vascular supply

Blood supply of the hip is specific. It is formed of rich vascular network, that is, in great deal,
responsible for the development of the joint. Blood vessels that participate in the hip vascular-
ization can be divided into nutritive, retinacular, and foveolar. Retinacular blood vessels are
the main source of hip supply and are extremely vulnerable (Figures 2 and 3). They can be
damaged by infection, joint fluid, trauma, or forced position of the joint. Blood supply of the
hip changes and adjusts during joint stages of development, from embryonal to the adoles-
cent stage, when it adopts definite appearance and functional characteristics. Stages of vascu-
lar supply of the hip consist of fetal, infantile, intermediary, prepuberty, adolescent, and adult
stage [2]. Each stage is different by the role of main nutritive artery of the diaphysis, metaphy-
sis, periosteal, and anastomoses. The only constant factor in all of the mentioned stages is that
the supplying blood vessels come from the a. femoralis communis, a. profundae femoris, and
branched of the a. iliacae internae—a. gluteae and a. obturatoriae. The most important artery
for hip supply is a. profunda femoris with its branches—a. circumflexa femoris medjialis and
lateralis.

sA.obturatoria

—Lig.teres femoris and a.foveolaris

——auf femoralis
A.circumflexa medialis and lateralis

_A.profunda femoris

Mutritive artery

Figure 2. Scheme of arteries of the coxofemoral region.
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I, &, Femorals

2. A ciroumilexa fem. medial
3. A circumflexa fent. |ai

4. Arteria loveoluris

5. Arteria retinakulans an

e

Figure 3. Scheme of arterial blood supply of the femoral head and neck (anterior view).

Final branches of the a. circumflexae femoris medialis and lateralis form anastomoses that
together with a. obturatoria and a. glutealis make circulus arteriosus—arterial ring around
the femoral neck (Figure 4). This ring can be found pericapsullary as well as intracapsul-
lary. From extracapsular arterial ring, retinacular arteries are formed that diverge in regu-
lar interval and pass through capsule forming ascendant cervical arteries. These arteries, by
their position, can be divided into anterior, posterior, medial, and lateral, and their function
is to supply femoral head and neck. Extracapsular ring forms medial metaphyseal and lat-
eral epiphyseal arteries that supply blood to epiphyseal gap. These nutritional arteries pass
through the capsule in the lower lateral part of the femoral neck parallel with intertrochan-
teric line where arterial circulation can be jeopardized leading to avascular necrosis (AVN) of

the femoral head.

The intracapsular arterial ring is positioned subsynovially around the distal part of the
femoral neck. This ring forms vascular borderline of the joint (circulus articuli vasculorum

B I Trochamvr pmmbor
2. Collimn fenaaris
LA eria clrowmflexa Fepn. tied
4.Areria circuanfiexa e, lat
5 M. Ingrsnas
G rlerin profuncs Fepnmris
T A evime cervirabes accendenies
(urmiamji anerijkl preten)
E.Cupsada artleulsris

Figure 4. Scheme of extracapsular and intracapsular arterial ring.
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Hunteri). Out of this ring, short arteries depart to the bone metaphysis or articular cartilage of
the femoral head in which ossification nuclei end. Every artery supplies only one ossification
nucleus. In the case where there are multiple secondary ossification nuclei, every one of them
is supplied by separate artery that anastomoses in between which can explain partial necrosis
of the femoral head [3].

4. Dynamics of development of hip blood supply

Dynamics of hip development blood supply are intensified by movements in the joint through
stages of development of a person. The entire dynamic process can be divided into five phases:

(a)

(©

(d)

(@)

Fetal phase includes the entire intrauterine period and first 4 months of life. A. circumflexa
femoris medialis and lateralis together with a. obturatoria give outer epiphyseal, ascend-
ant, and lower metaphyseal arteries. In this stage morphologically and functionally a.
circumflexa femoris lateralis is more developed. Outer epiphyseal arteries are directed
horizontally and by the inner part of the femoral head. Lower and ascendant metaphyseal
arteries have vertical flow. Their branches are directed toward the inner side of one part of
the femoral head, while foveolar arteries pass through ligament capitis femoris supplying
the inner part of the femoral head.

Infantile phase is considered from 4 months of life to 4 years of age. The most intensive
growth and development of the collateral blood vessels that form arterial ring around
the femoral neck occur between the sixth and the 18th month of life. This stage coincides
with the walking phase that is considered the most intensive period for the establishment
of physiological motions in the hip joint. In this phase, epiphyseal arteries get stronger,
getting their supply from a. circumflexa femoris medialis that takes over the dominant
role for blood supply. There are no arteries that pass through ligament capitis femoris,
and anastomoses that amplify supply through arterial ring around the femoral neck are
poorly developed.

Intermediary phase is considered from 4 to 7 years of age. In this phase, epiphyseal vessels
are constant with significant caliber, while metaphyseal vessels fall behind in develop-
ment. The characteristic of this phase is the strengthening of the arteries of ligament capi-
tis femoris. This phase includes the development of the arterial ring around the femoral
neck.

Prepuberty phase includes period between the eighth and the 10th years of life where defi-
nite development is dominating with stabilization of all, already, formed anastomoses.

Adolescent phase is considered on a period between the 11th and the 15th years of life
when, regarding vascular system, metaphyseal blood vessel network is established and
when growth of the proximal femur is ended. In this stage, outer epiphyseal arteries and
a. capitis femoris are leading the blood supply and are basis for arterial network of the
femoral head and neck in adults [4-6].
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5. Avascular necrosis as a consequence of treatment of developmental hip
dysplasia (DDH)

5.1. AVN: complication or inevitable consequence of the treatment of DDH?

AVN in different degrees is a well-known complication of the treatment of DDH. It can be a
devastating complication with possible premature development of osteoarthrosis. In a milder
degree, it can be manifested through minimal residual deformity and hip dysfunction.

5.2. Definition of AVN

It is quite hard to define AVN. Weinstein, instead of the term AVN, used a term “growth dis-
order of the proximal femur” [7]. However, when milder degrees of AVN are analyzed, this
term is not suitable because there is no actual growth disorder. This is the most serious com-
plication connected with the treatment of hip development disorder. Its sequelae are defor-
mity of the femoral head, permanent acetabular dysplasia with chronic lateral subluxation,
relative hypotrophy of the great trochanter, and abbreviation of the lower extremities.

In fact, AVN represents complication of bone blood supply in terms of inadequate perfusion
and oxygenation; it is extremely rare in healthy children, while it is quite often in children
with diagnosed hip development disorder. AVN is characterized, on a microscopic level, by
zones of devitalized bone trabecula and bone marrow that have tendency to spread and affect
the subchondral plate. From the entire proximal femur, its head is the most vulnerable spot
for the development of AVN. The most common position of the development of AVN is just
below the joint cartilage that was affected by ischemia the most or suffers the greatest pres-
sure which is the anterolateral aspect of the femoral head. However, there is no specific part of
the femoral head that is spared of the affect of AVN. In adult patients, where in childhood had
diagnosed hip development disorder and noted AVN, the affected segment was never totally
revascularized. Once detected, collapse of the femoral head usually persists [8-10].

The beginning of disease is inconvincible and practically asymptomatic. AVN usually pro-
gresses until complete destruction of the joint that, even before the fifth decade of life, demands
radical surgery —hip joint replacement. It is estimated that 10% of 500,000 hip replacement
surgeries performed in the USA per year have indication of AVN.

5.3. Pathophysiology of the AVN in DDH

Pathological changes that can lead to the development of the AVN have their beginning in two
different categories: vascular and extra vascular factors. Vascular factors can be divided into
arterial and vein factors.

5.3.1. Vascular factors

All vascular factors can be divided into arterial and vein factors. Almost all vascular factors
are located extraosseally. Arterial factors are, probably, the dominant and most important



Osteonecrosis and Hip Development Disorder
http://dx.doi.org/10.5772/intechopen.68161

factors for the development of the AVN. The femoral head is, because of the arteries that are
marked as arteries of the terminal type and their relatively bad developed collateral network,
a part of the body that is most liable to development of the AVN. Some kind of trauma that hip
suffers during the surgery, in order to achieve optimal relations in coxofemoral joint, can lead
toward thrombosis with contusion or even complete interruption of lateral retinacular arteries
that in the critical period are basic for blood supply of the femoral head and neck. Compared
to other tissues, such incident can be marked as only infarction that covers the irrigational
spot of the affected blood vessel. In children with hip development disorder, a less valuable
hip is noted and in most cases with weaker developed blood vessels. During treatment of this
kind of a hip, possible attenuation of vascular network can be seen. In older patients that have
been diagnosed with DDH, atherosclerotic changes can be presented on magisterial as well as
on terminal arteries of this region. In middle-aged female patients, vasculitis and Raynaud's
disease can lead toward exacerbation of the AVN, while in male patients, AVN is expressed
after decompression or because of vasospasm.

Those rare vascular factors that act intraosseously are related to vein blood flow and are less
often caused by intraosseal arterial events. Primer etiological factor for the development of
the AVN in this group is micro-embolism. Micro-embolism in one irrigational field blocks
circulation in one part of the femoral head. This condition can be seen in cases of fat embo-
lism, air embolism, or thrombosis, while steroid therapy is administered. Intraosseal vascular
factors refer to all diseases that reduce vein blood outflow causing vein stasis. All types of
vein stasis, because of increase of pressure, can indirectly lead to AVN. Some metabolic or
hormonal disruption leads to the enlargement of intramedullary fat-loading osteocytes. This
directly influences shift in space and reduction of vein capacity resulting in difficulties with
vein drainage. Intraosseal phlebography that was performed in patients with AVN showed
abnormalities in drainage system emphasizing the fact that vein circulation participated in
development and contributed in the progression of this disease. Capability of decompression
in space occupied with bone marrow depends on regional anatomical structures especially of
vascular outflow and bone architecture. The femoral head, unfortunately, does not have ana-
tomical advantages as other bones because of its formation as a socket on a narrow metaphy-
seal neck. Only a couple of vein channels go through bone cortex and have the capability of
direct decompression. Increased pressure during disproportion in inflow and outflow has to
be directed toward narrow metaphyseal neck [11-14].

5.3.2. Extravascular factors

Intraosseal factors are basic factors that influence the development of AVN from this group.
Skeletal system in subchondral zone of the femoral head is a closed rigid cortical socket. This
system is conditionally sensitive on pressure increase that can result in somewhat like a com-
partment syndrome. Many authors have described the increase of the pressure in bone mar-
row of the proximal femur in many patients diagnosed with AVN. First effects of pressure
increase can be resulted in vein outflow, sinusoids, and small capillaries. Reflex spasm can
even block nutritive arteries before they reach cortex. The subchondral zone of the femoral
head that is in most intimate contact with acetabulum is not in a favorable position because
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of the mechanical relations. Pressure and friction on one side together with weaker blood
supply create a baffle effect that can contribute to further restriction of the decompression of
bone marrow in the affected region opposite of subchondral zones with regular perfusion.
Trabecular deformity, which can occur because of this kind of development also compresses
medullar space and leads to an increase in the intraosseal pressure. This kind of situation can
contribute to morphological changes, reduction of trabecula, thinning of bone matrix, and
disturbance in dynamics of ossification. An increase of the bone pressure strives to concen-
trate in the affected zone because of specificity of its architecture. This process, together with
an increase of the intraosseal pressure, tends to transform ischemic zone that was marginally
affected into the zone of complete bone infarction with functional anoxia [15].

5.4. Pathophysiology of the AVN

Macroscopic changes of the AVN on the femoral head show a thin layer of compact subchon-
dral bone and joint cartilage. Joint cartilage can be supplied with synovial fluid. The only
part of cartilage that can lead to necrosis is around the zone of demarcation. Bone part of the
femoral head can lead to necrosis in the form of irregular areas of yellowish necrosis, while
only some of trabeculae seem vital. In progression of the process, spot-like zones of necrosis
start to resorb which can be seen on X-rays. In further development, micro-fractures can be
noticed and consequently bone sequesters start to form. The line of the trabecular fracture
goes through necrotic part of the bone-causing formation of joint sequester. Because of this,
the affected region of the femoral head collapses. After this, progressive destruction of joint
cartilage is noted with formation of free joint bodies (corpora libera) and marginal osteophytes.

From pathophysiological aspect, AVN can be divided into phase of cellular necrosis and
phase of reparation.

Cellular necrosis first affects hematopoietic elements (6-12 h after insult), after which necrosis
of bone cells follows: osteocytes, osteoblasts, and osteoclasts (1248 h after insult), followed
by necrosis of fat cells of bone marrow (2-5 days after insult). Complete absence of osteocytes
in localized areas of trabecular bone is real indicator of the existence of AVN. This is a typical
finding for AVN that lasts 14 days. Phase of death of fat cells of bone marrow can be recog-
nized by vacuoles inside a cell that do not have a nucleus, thus looking alike to lipoid cysts.
Bone infarction can be recognized into four zones: central zone of cellular necrosis surrounded
by concentrically circles of ischemia, hyperemia, and zone of normal tissue. Once AVN is
noticed, products of necrotic tissue cause initial inflammatory response that is manifested
with vasodilatation, fluid transudation, fibrin precipitation, and local leukocytes infiltration.
This response is the basis for the development of hyperemia and the basis for the start of repa-
ratory process—reconstruction of infarct zone. In reparatory phase, bone resorption is noted
first that is followed by a neoosification process. The reparatory phase does not happen inside
of the necrotic and ischemic zone, but between vital and infracted zone, because it demands
adequate perfusion. Reparatory response results in progressive growth of reactive border that
demarks that part of the bone tissue that is doomed to failure. Mesenchyme cells and capillary
proliferation supply macrophages and fibroblasts entrance into “dead zone,” which starts the
reparatory phase that is presented as osteoporosis. Progressive loss of mechanical support
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and destruction of bone architecture are trying to be replaced by the activity of osteoblasts
which is usually not enough because this process is followed by micro-fractures on places
with least resistance. Fractures, fragmentations, and other disorders on the subchondral bone
are visible signs of this process on normal X-ray. Capillary invasion extends to the subchon-
dral part of the bone tissue and resorbs cartilage. This phase used to hold conviction in many
orthopedic surgeons for osteochondritis dissecans [16-19].

5.5. Consequences of the AVN

Consequences of AVN can be divided into minimal and manifest changes [19]. If irrigational
zone of occluded blood vessel is small and does not cover large amount of space with sup-
ply, patients can have minimal changes with insignificant or even no symptoms at all. These
changes get detected rarely or accidentally through some diagnostic procedure for some other
disease. Because of this, many patients do not get included into studies about AVN and its
consequences. On the other side, manifest changes become visible when multiple occlusions
on blood vessels are formed. These changes on specific bone regions become visible on X-rays
after certain period of time. Signs of bone change are noticeable in the form of necrosis that
subjects to slow but limited reparatory process. In the background, reactive zone of reparation
is visible that forms sclerotic edge of trabecular thickening. These reparatory attempts can be
followed and noticeable through different stages as well as different forms of necrosis and
remodeling.
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Abstract

Vertebral osteonecrosis (ON) is a rare, underdiagnosed disease, also called pseudarthro-
sis due to ischemia following a compression fracture (CF). The main features include the
air-occupied intravertebral cleft visualized as a radiolucent shade of linear or semilunar
X-ray, namely an intravertebral vacuum cleft (IVC) sign. Usually, this phenomenon shows
low signal intensity with all magnetic resonance imaging (MRI) sequences. Another fea-
ture of ON of the vertebral body is the intravertebral fluid analogous to edema and fibro-
sis in histological sections. This appears as low signal intensity on T1-weighted MRI,
with high signal intensity on T2-weighted images. The risk factors for vertebral ON are
multivariate, and the pathophysiological mechanisms are still unknown with certainty.

Keywords: osteonecrosis, avascular necrosis, pseudarthrosis, Kiimmel's disease,
ischemia

1. Introduction

Necrosis of bone tissue is a nonspecific term that is related to conditions that cause major
cell stress and cell death regularly due to interruption of the vascular supply. Frequently
osteonecrosis (ON) is related to local traumatic events such as fractures that induce vascular
injury; however, several non-traumatic causes have also been related. The first publications of
ON were referred to avascular necrosis (AVN) of the femoral head and related in most cases
to trauma. Later, other etiological factors were involved in the development of ON such as
alcohol consumption, fat embolism, and steroid therapy. Likewise, coagulopathies, chronic
osteoarthropathies, bone infections, and tumors are also causal factors associated with it.

AVN, aseptic necrosis, ischemic necrosis, subchondral AVN, and osteochondritis dissecans are
synonyms used to denote ON. Vertebral AVN has been classically related to the intravertebral
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vacuum cleft (IVC) sign. This is represented by a transversal cleft of the vertebral body occu-
pied by gas density observed in extension and not observed in flexion. Subsequently, with
the advent of magnetic resonance imaging (MRI), the presence of fluid was demonstrated
in association with osteoporotic vertebral collapse. In addition, ischemia was confirmed by
histological analysis.

AVN of bone is otherwise characterized by massive necrosis of bone and bone marrow. This
has been generally related to systemic factors such as alcohol abuse, glucocorticoid therapy,
dyslipidemia, Gaucher disease or human immunodeficiency virus (HIV) infection, among
others. AVN of the spine is known as Kiimmel's disease (KD), usually related to osteoporotic
vertebral fractures. Although the AVN associated with vertebral collapse hypothetically is a
consequence of vascular damage, the pathogenesis, as well as the early diagnosis, the man-
agement protocols and prevention measures continue to be the research topics.

2. Historical background

AVN frequently associated with vertebral compression fractures (CF) in osteoporosis is called
KD, first described by Herman Kiimmell, a German surgeon in 1895. Also at that time, A.A.
Verneuil, French, referred to some clinical cases with similar manifestations, so that occasion-
ally this syndrome was named “Kiimmell-Verneuil disease.” The cases described by Kiimmel
had a history of minor spinal trauma, with asymptomatic periods from months to years and
angular kyphotic spinal deformities of the lower thoracic or upper lumbar regions and the
T12 segment with progressive painful [1, 2]. Kiimmell hypothesized that there was no trau-
matic CF in all the patients; however, it seemed very likely that most of them had a history
of minimal trauma with influence on local nutrition and progressive atrophy [3]. It should be
mentioned that these observations described by Kiimmell were performed before the advent
of X-rays, and once these were used, the existence of the disease was questioned in “normal”
radiographic studies with uncertain quality. Years later, the collapse of the delayed vertebral
body was demonstrated; however, diagnostic criteria in the early stages of the disease were
associated with negative radiographic findings [2, 4, 5].

Steel also classified the KD in five progressive stages [2]. Initially, it is characterized by
hyperflexion of the radiographically normal vertebral column, namely, the initial insult.
Subsequently, a second post-traumatic stage is categorized by minimal manifestations of the
low back without functional limitation. This is followed by a latent stage, relative well-being,
lasting weeks to months, with no significant symptoms. Then, the stage of recrudescence, the
patient manifests pain in the back, develops gibbous and loss of progressive stature, in addi-
tion to peripheral pain. In the terminal stage, the patient develops a progressive back pain
located in the region of the pathological fracture with angular kyphosis and compression of
the spinal [2]. The cases of AVN without a history of spinal trauma should not be termed KD.
Table 1 summarizes the clinical cases of KD reported in the literature.

A frequently representative feature of vertebral ON has been named IVC sign. This was first
described as a horizontal cleft with gas density in radiographic studies [6]. This entity has
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also been called post-traumatic vertebral ON [3, 5, 7], IVC [8, 9], vertebral pseudarthrosis [10],
delayed post-traumatic vertebral body collapse [11, 12] and nonunion of VCF [10, 13].

3. Clinical manifestations

KD occurs more frequently in the middle and in the elderly slightly predominant in males
[7]. The incidence of KD in elderly patients ranges from 7 to 37%. One of the characteristic
symptoms is an acute pain especially in the early stages of the disease usually without accom-
panying neurological symptomatology. In these cases, falls are generally conditioning factors
of pain. The kyphotic deformity associated with recurrent pain of greater intensity in later
stages usually corresponds to the collapse of the vertebral bodies and is usually located in
the thoracolumbar region. Then neurological signs such as weakness of the lower extremities,
paresthesias, as well as neuropathies that interfere with normal function of the digestive tract
and bladder can develop.

Steel related the KD to insignificant trauma generally involving the 3rd thoracic vertebra and
the 2nd or 3rd lumbar vertebra predominantly observed in males. He also described five stages
namely initial insult, characterized by hyperflexion of the spine and association to the trauma
of variable type and severity, in addition to normal roentgenograms. The second stage or post-
traumatic period was manifested by mild back pain without functional limitation. The third
stage, latent interval or state of relative well-being, was characterized by progressive disability in
the following week or months of the traumatic event, not incapacitated. In this period, vari-
ability in time from 4 weeks to 1 year has been described [2, 5, 7, 11, 14-18, 20-23]. Fourth stage
or recrudescent stage, in this the patient presents localized, persistent back pain, tenderness, and
tendency to peripheral irradiation. In the last stage or terminal stage, the patient develops per-
manent kyphotic deformity with or without progressive pressure on roots or spinal cord [2].

Neurological symptoms are usually absent in the early stages of the disease and when pain
occurs in the thoracolumbar region this usually corresponds to the collapse of the vertebral
body. In the advanced stages, the patient develops paresthesias, lower extremity weakness,
and bowel/bladder disturbance [7]. Besides, the kyphotic deformity associated with osteopo-
rotic vertebral fracture limits the functionality and has repercussions on the quality of life of
the patient. In addition, it increases the mortality and incidence of fractures in adjacent bone
structures [25, 26].

4, Risk factors in osteonecrosis

Numerous risk factors for AVN have been described including long-term glucocorticoid treat-
ment, diabetes, alcoholism, osteoporosis, atherosclerosis, pancreatitis, cirrhosis, hypertriglyc-
eridemia, vasculitis, acute trauma, radiotherapy, neoplasias, air or fat embolism, barotraumas
hemoglobinopathies, such as sickle cell disease and infection.
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4.1. Osteonecrosis and osteoporosis

As we know, osteoporosis is one of the metabolic disorders associated with compression frac-
tures of the vertebrae. This affects the quality of life of patients, who develop progressive spinal
deformities that deteriorate gait and balance [27], increasing the risk of fracture [8] and mortal-
ity [28]. As mentioned, one of the mechanisms most involved in post-traumatic vertebral col-
lapse is ischemic necrosis frequently associated with IVC in osteoporotic spine fractures [29].
According to what has been reported in the literature, the IVC sign is not pathognomonic of KD
and is common to observe in unstable osteoporotic CF [30]. Two stages in the evolution of the
KD have been considered, although the pathophysiological mechanisms are not known with
certainty. First, after the initial trauma, the vertebrae present partial or incomplete healing with
consequent weakening. In this stage, the consolidation of an osteoporotic vertebral compression
fracture is characterized by an active remodeling process. This includes resorption of necrotic
bone and cartilaginous tissue, endochondral bone neoformation, new vessel formation and res-
toration of bone continuity in the fracture line. Likewise, zones of hypertrophic trabecular bone
or areas with lack of bone repair can be observed; in addition, fragments of bone, cartilage and
intervertebral disc can be sequestered in areas of dense fibrous and collagen tissue [31].

The second stage of the evolution of KD involved in this reparative failure could be impaired
vertebral blood flow, herniation of nucleus pulposus into the vertebral body (Schmorl’s nodes),
and stress conditions in weakened vertebrae [3]. As it is known, the blood supply of each ver-
tebra depends on branches of the corresponding segmental arteries, which nourish the ver-
tebral body, the spinal canal and the posterior third (equatorial, metaphyseal and peripheral
branches) [32, 33]. It was also reported that the supply of the ventral part of the vertebral body
derives from the anterior central branches of the segmental arteries, whereas the supply of the
dorsal part comes from the posterior central branches [34]. This distribution anatomy has been
the explanation of the frequency of IVC in the anterosuperior and anteroinferior portions of
the vertebral body. Generally, the involvement of the anterior third of the collapsed vertebral
body represents the vascular watershed zone related to alterations in the blood supply [7, 35].

Although the pathogenesis of KD remains unknown, in addition to the ischemic process,
the motion between the fracture ends has been considered a preponderant factor. Since
Hasegawa's description of the intravertebral cleft with the presence of serous fluid, sur-
rounded by smooth fibrocartilaginous tissue and absence of lining, as well as the motion
between the ends of the fracture, the development of pseudarthrosis has been consistent [36].
This radiographically supported motion in the progressive disappearance of a radiolucent
gas-like area and the appearance of an area of fluid-like signal intensity on MRI has suggested
that the IVC results from a migration of intradiscal gas between the ends of the osteoporotic
spine fractures [6, 37]. Then, this nonunion would correspond to the persistence of the radio-
lucent line of the cleft and the hypointense line on MRL

It is even reported when confirming the occlusion of the segmental artery on magnetic reso-
nance angiography and identifying the presence of thrombi in microscopic analysis. Then it
was postulated that an insult in the segmental artery could lead to AVN of the vertebral body
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with the consequent nonunion. It was also suggested an analogy between the deficit of the
blood flow and the mechanical insufficiency of the subchondral fracture in the AVN of the
femoral head and the mechanisms of osteoporotic CF [38]. Occlusion of the predominantly
anterior and peripheral metaphyseal arteries seems to be observed in fragments of the frac-
ture. Necrotic cancellous bone and hyaline cartilage endplate with fracture callus, fibrosis,
fibrin deposition and hemorrhage as changes in AVN have been described [38, 39]. Some
observations have been made regarding these approaches. The collapse of the basivertebral
foramen located between the two pedicles in osteoporotic CF could be involved in the isch-
emic process of the vertebral body. This foramen allows the passage of nerve branches, basi-
vertebral veins and arteries derived from the segmental ones [33, 40-43].

4.2. Glucocorticoid treatment and osteonecrosis

Long-term glucocorticoid therapy is a predisposing factor that induces the deposition of intra-
medullary fat with secondary compression of intramedullary vascularity, development of fatty
microemboli and microfractures associated with osteopenia [35]. Hypertrophy and hyper-
plasia of fat cells in the bone marrow [44], the consequent increase in intraosseous pressure,
microcirculatory occlusion by emboli and/or thrombi and decreased blood flow are important
elements in the pathophysiology of induced steroid-induced ON [45]. Also, these lead to a
decrease in collagen synthesis and osteoblastic activity [46]. In experimental studies in animal
models, it has been demonstrated in addition to the effect of lovastatin, lipid-lowering agent, on
the differentiation of cells from bone marrow into adipocytes, the preventive action or reduc-
tion of steroid-induced ON [47]. Therefore, it was proposed that lovastatin suppresses steroid-
induced adipogenesis, decreases the fat cell transcription factor PPARg2 expression and favors
osteoblastic differentiation, as well as in vivo expression of Cabfl/Runx2 genes [47, 48]. Then,
inhibition of hypertrophy and proliferation of bone marrow fat cells and the formation of
emboli by the inhibitory action of hydroxymethylglutaryl-coenzyme A reductase decreases the
possibility of microvascular occlusion [49, 50].

Several studies have reported the association of steroid use and decreased bone mineral den-
sity [51-53]. In this regard, long-term methylprednisolone treatment in immature pigs was
used; it was observed that blood flow was reduced in endplates and cancellous bone in 61%
of the cases and showed the correlation of ON with radiographic IVC [54]. This suggested that
the reduction of blood supply could be a pathophysiological factor in glucocorticoid-induced
ON and that its results did not vary depending on the projection expression (g/cm?) or volu-
metric bone mineral density (g/cm?) [54].

4.3. Vertebral osteonecrosis y pancreatitis

Few cases of vertebral intraosseous fat necrosis have been described [55, 56]. Its frequency is up to
0.8% and its main manifestations are multiple pathological fractures [56]. Pathophysiologically,
the destruction of adipose tissue is a consequence of the lipolytic activity of the lipase released
into the bloodstream [57]. Then, there is obstruction of the bone vascularity by drops of fat
which leads to local intravascular coagulation and ON. In addition, intramedullary swelling
and increased intraosseous pressure result from the release of prostaglandin E1 [58].
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4.4. Type 1 Gaucher disease (GD1) and vertebral osteonecrosis

Asis well known, Gaucher disease is a lysosomal storage disorder resulting from an autosomal
recessive mutation in GBA1 gene that encodes acid B-glucosidase. Deficiency of this enzyme
favors deposition of glucocerebroside in the lysosomes of mononuclear phagocytes from dif-
ferent organs including the skeleton [59, 60]. The main bone affections include osteopenia,
fractures, and AVN [61, 62]. The clinical presentation may be silent as a spinal cord infarc-
tion due to asymptomatic obstruction of the vascularity of the bone marrow. Bone infarction
is generally detected on MRI [63]. Although pathophysiological mechanisms have not been
elucidated, various GBA1 genotypes associated with or without AVN have been reported [64].

Skeletal involvement in most patients with Gaucher disease is well known [59, 60, 65]. The
main skeletal affections of this condition include AVN, osteopenia, and fractures [61, 62, 65].
Various authors refer to an incidence of 8-36.4% of spinal fractures in patients with GD1 [64,
66-70]. They proposed that anemia and decreased bone mineral density of the lumbar spine
are strong risk factors for fractures and AVN [64].

It has been estimated that the risk of untreated AVN and GD1 is 22.8 per 1000 person-years
of follow-up [71]. It has also been proposed that imiglucerase therapy reduces the presenta-
tion of AVN at 13.8 per 1000 years of follow-up [72]. The pathophysiology of AVN in GD1 is
unknown, however, it is presumed to be associated with secondary spinal infarction likely to
microvascular occlusion, visualized in MRI [63].

4.5. HIV and vertebral osteonecrosis

HIV infection has been reported as one of the factors associated with vertebral ON. In these
patients, the use of corticosteroids, abuse of alcohol and tobacco, hypercoagulable states, treat-
ment with antiretroviral drugs, lipodystrophy, and the use of megestrol acetate or testosterone
have been reported as risk factors [73-83]. It is estimated that the incidence of ON in HIV-
infected patients is 0.03-0.65 cases per 100 person-years [81, 84]. In all cases reported, the par-
ticipation of one or more risk factors and multifocal involvement were considered [85, 86].
Likewise, HIV-infected patients without risk factors and ON have also been reported [87].

The prevalence of osteoporotic vertebral fractures in HIV-infected patients has been increas-
ing [88]. Likewise, the association of ON in HIV-positive individuals has been reported [89].
In the literature, only two cases of vertebral ON in HIV-infected patients and treatment
with highly active antiretroviral therapy (HAART) have been reported, which presented
refractory pain and developed rapid progressive kyphotic deformity [90, 91]. Drugs such as
tenofovir induce increased bone remodeling and demineralization favoring bone fragility
and vertebral CF [92]. Also, therapy with protease inhibitors promotes fat infiltration of the
bone marrowand increase of intraosseous pressure compromising vascular irrigation [93].

4.6. Sarcoidosis and vertebral osteonecrosis

Sarcoidosis is a systemic condition in which the involvement of the musculoskeletal system
occurs in 5% of patients [94-97]. Although the spinal involvement in sarcoidosis is rare, about
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30 patients in the literature have been reported. A patient with sarcoidosis discarded the pos-
sibility of osteoporotic vertebral collapse due to the shape and narrowing of the intravertebral
groove, the involvement of the body and the posterior elements of the vertebra and lack of
evidence of new bone formation in the collapsed body [19].

5. Radiographic characteristics

Radiographically, non-demonstrable evidence of a fracture in consecutive studies supports
the diagnosis of KD [14]. However, it is important to perform the differential diagnosis
between KD and nontraumatic or spontaneous vertebral ON associated with osteoporosis.
Clinically, it should be emphasized that osteoporotic compression fractures are not associ-
ated with neurological symptomatology. On the other hand, chronic radiographic osteopo-
rotic fractures are not associated with changes in signal intensity on MRI [35]. This contrasts
with the variability in signal characteristics on MRI in KD [6, 98]. Usually, these appear with
an increase in the signal on T1-weighted images and reduced signal on T2-weighted images.
However, in both KD and spontaneous vertebral ON, a hyperintense linear area on MRI
can be observed. This pattern of signal change has been referred “double line sign” and cor-
responds to the phenomenon of IVC. This describes the accumulation of gas in the vertebral
body observed in X-ray studies (Figure 1). This sign has also been observed associated with
malignancy and intraosseous disc herniation, so it should not be considered as pathogno-
monic of ON.

Another radiological sign associated with ON is the intravertebral fluid of the vertebral body.
This appears as a well-circumscribed area of low signal intensity on T1-weighted MRI and
high signal intensity on T2-weighted images [39, 99]. This characteristic is known as a sign of
fluid. In this regard, it was reported the coexistence of air and fluid in the same vertebral body
in 21.5% of the cases. It was observed a more severe vertebral collapse in those cases with only
intravertebral air than in those with fluid with or without air [100].

6. Classification of Kiimmel's disease

In an attempt to classify the alterations associated with KD, morphological analyses regard-
ing the type, degree of deformity and severity of vertebral collapse with questionable
clinical relevance in acute processes was proposed [101]. Later, was proposed a multidi-
mensional scheme for the classification of VCF suggesting that it could have application in
the selection of surgical treatment and follow-up of patients. This included six dimensions
fracture morphometry, chronicity, repair, dynamic stability, rupture of intravertebral bone
trabeculae or clefts, and involvement of the posterior cortex [102]. However, this has been
considered complicated and without any correlation with a natural history of KD.

Then, another specific classification proposal for this disease is raised, dependent on the pro-
gression and sequential clinical changes of the same. For this scale, Stage I corresponded to
vertebrae intact or with a loss of height of the anterior portion of the vertebral body of less than
20% and without IVC in plain X-ray films, with a small cleft and fluid sign on T2-weighted
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Figure 1. CT scan of the lumbar spine with compression fracture of L1 and intravertebral vacuum cleft (arrow). A
Multiplanar reconstruction in sagittal, B volumetric reconstruction (3D), C axial plane.

MRI. In Stage II, loss of anterior body height would be more than 20% without an involve-
ment of the posterior cortical, collapse of the vertebral body with dynamic mobility in the
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radiographs and presence of the cleft sign on MRI. Finally, in Stage III included the severe
collapse of the vertebral body with dynamic mobility and rupture of the posterior cortical, as
well as IVC with retropulsion of bone fragments and compression of the spinal cord. At this
stage, the patients presented back pain, deformity and neurological deficit [103].

Also were reported three stages related to the pathogenesis of progression to delayed ver-
tebral collapse. Stage 1 showed presence of intravertebral cleft, Stage 2 showed IVC plus
intravertebral instability, and Stage 3 showed complete vertebral collapse [104]. We can sum-
marize that the main application of these classification proposals has not only been to describe
the evolution of osteoporotic CF, but also to evaluate the clinical efficacy and to determine the
follow-up of different surgical procedures.

7. Histopathology

There are few reports in the literature describing the histopathological features of vertebral
ON. The first autopsy material related to KD was presented in 1926 [105]. It was described the
destruction of spongy bone tissue and the consequent collapse of the vertebral body. Later
was reported the pathological examination of the wedge-shaped collapsed L2 vertebral body,
atrophic changes in bone trabeculae and multiple hemorrhagic areas [106]. These findings
were termed “multiple microscopic fractures” [107].

Afterward, four concentric zones in AVN were proposed. These were a central area of cell
death, followed by ischemia, congestion, and a peripheral zone of normal tissue. Early, inflam-
matory cells, serosanguinolent fluid, without bacterial colonies have been described. Thus,
both the ischemic and the congestive zone undergo repair changes being replaced by fibrous
tissue or new bone [108, 109]. Likewise, an anatomopathological study of vertebral pseudar-
throsis reported a whitish, smooth, fibrocartilage-like lining with scarce chondrocytes, and
flattened fibroblasts. As well, the regions after the cleft presented granulation tissue and poor
bone formation. The biochemical characteristics of the fluid contained in the cleft showed a
similar composition to the blood plasma, except for the lower proportion of total proteins [36].

ON reported in histopathological analysis on biopsy material demonstrated consistent data
of new bone formation, bone marrow fibrosis, and bone repair [7, 17, 18, 20, 22]. However,
different advances have been proposed from the original approaches, “rarefying osteitis” of
inflammatory origin, multiple trauma of bone and ligamentous structures with the formation
of cracks and microhemorrhages that lead to ON.

Some studies have suggested the correlation of the sign of the fluid on MRI and the histo-
pathological data of vertebral ON demonstrated by the presence of small necrotic bone frag-
ments between a fibrous stroma. In this regard, it was showed the presence of ON, edema,
and fibrosis associated with the sign of fluid and this was significantly related to the severity
of the fracture [110].

Ithas been considered that in the early stages vertebral ON presents edema and exudate, whereas
in the late stages air could be contained in the spaces formed by the sclerotic bone [39, 111]. Hence,
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possibly the changes were described from the intravertebral fluid to gas on MRI [100]. In addition
to this proposal, it was reported that the sign of the fluid could be identified on MRI between 1
and 5 months, while the IVC could be noticed between 2 and 10 months after the fracture of the
vertebra [112]. Subsequently, regenerative changes in more than 80% of cases occur, which are
characterized by bone resorption, the formation of new bone and fibrosis. The still unstable col-
lapse of the vertebra, the involvement of the spinal canal and neurological manifestations can be
associated with these changes. However, some cases have been described with absence of unex-
plained regenerative histological changes [112].

Moreover, in those cases of vertebral body ON without vertebral collapse, empty lacunae, fatty
necrosis with vacuolar degeneration and cell debris were described, suggesting necrosis of the
bone marrow [113].

8. Differential diagnosis

The imaging characteristics described in vertebral ON such as sclerosis and calcification on
computed tomography (CT) scan, hypointense images on T1 or hyperintense on T2, and non-
reinforcement with Gadolinium (Gd) of the ischemic zone on MRI represent edema and necro-
sis. These changes could be confounded with other bone lesions such as the bone cyst, bone
infarct, bone island, hemangioma, osteoblastoma, and osteoblastic metastatic tumor [113]. The
literature reports cases of nontypical vertebral ON, on MRI, do not show low-intensity signal
on T1 or double line sign on T2. In these cases, it has been suggested that the difference in the
imaging findings could be due to the processes of ON and repair. Also, the vertebral bodies in
these patients did not present collapse and the cortical intact was observed [113].

9. Treatment

As mentioned, the main symptom of delayed post-traumatic vertebral collapse is chronic
back pain. This is usually localized, persistent, with a tendency to progression and irradiation
to the peripheral nerve roots. Among conservative management protocols for back pain, the
combination of exercise therapy and nonsteroidal anti-inflammatory drugs has been used
with partially satisfactory results [114]. In addition to the medical aspects, psychosocial fac-
tors have been related to the pathophysiology of pain and response to treatment [115, 116].
Among this, anxiety, depression, notably distress and somatization have been associated, so
strategies related to supportive psychotherapy, cognitive-behavioral methods and psychiatric
medical treatments have been proposed in some cases [115, 117].

In some cases, teriparatide, an osteoanabolic agent frequently used in the treatment of osteopo-
rosis, has been effective in promoting the reparative bone process and reducing pain [23, 118].

In the absence of neurological compromise and under the assumption of nonaffectation of the
posterior cortical vertebral body has been suggested the conservative management of pain by
analgesic drugs and bed rest [7]. It is now known that the incidence of vertebral compression
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following the conservative management of osteoporotic vertebral fractures reaches 14.8%
at 1 month and 21.8% at 6 months [119]. However, when conservative management fails,
minimally invasive procedures such as vertebroplasty or kyphoplasty are suggested to sta-
bilize the fracture site, align the vertebral segment and consequently alleviate pain [23]. The
first reports in the literature on the treatment of KD emphasize conservative management,
whereas the latest information has demonstrated that patients can be treated successfully
with surgery. The choice of surgical treatment has depended to a large extent upon three fac-
tors, the severity of the back pain, the degree of kyphotic deformity, and the neurologic deficit
[5, 7]. The main objective of the surgery lies in the decompression of the neural elements and
sagittal alignment, consequently, earlier ambulation is promoted [120].

Techniques such as percutaneous kyphoplasty (PKP) or percutaneous vertebroplasty (PVP)
with polymethyl methacrylate (PMMA) have been used in patients with osteoporotic CF with
and without IVC [10, 121-127]. It was reported on both types of surgical procedures to relieve
pain and restore collapsed vertebral body immediately after surgery. However, they reported
aggravation of vertebral collapse and kyphotic deformity within 2 years after surgery in those
patients with IVC. This also conditioned an increase in back pain, suggesting that this pro-
gression was due to intravertebral instability [121]. Therefore, both PVP and PKP have been
considered as noneffective procedures in chronic spinal compression or acute vertebral com-
pression with posterior cortical rupture, suggesting surgical stabilization via fusion [128]. The
response to a foreign body that can occur with the use of PMMA with extensive fibrosis that
could induce micromotion and secondary instability should also be mentioned [129, 130]. In
addition, the mass of PMMA could spontaneously migrate to extra vertebral sites such as the
disc space or the anterior vertebral space [8, 131-133].

Likewise, the distribution pattern and proportion of bone cement required in PVP could be
predicted according to the area of ischemic necrosis on MRI [134]. Also, taking into account
the proportion of necrosis on MRI recently raised that this variable could allow selecting the
type of surgical procedure vertebroplasty, kyphoplasty, or surgery. Those cases with IVC, as
well as those that required a surgical procedure were those that presented a higher percentage
of necrosis [119].

Another reported proposal was the management of the posttraumatic osteoporotic vertebral
ON with balloon kyphoplasty. It was suggested that restoration of the vertebral body and
correction of kyphotic deformation could be achieved in relation to the sufficient volume of
cement used. In addition, cement injection was performed in middle to later stages of solidifi-
cation in patients with a defect of the anterior wall of the vertebral body or supported by X-ray
fluoroscopy and balloon expansion in posterior defects to avoid leakage of the same [127].

The anterior decompression via corporectomy and fusion with intervertebral tricortical graft
[135, 136] or ceramic glass spacers [137], posterior decompression with pedicle subtraction
osteotomy [138-140] or the combination of both approaches [139] have been proposed in sev-
eral studies. In the previous decompression, the fusion can be achieved with a spacer and a
plate with a screw and in the posterior approach by means of the placement of transpedicular
screws and hooks [141]. Spinal fusion, however, has been associated with procedural compli-
cations and long surgical time.
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Subsequently, the technique of posterior one-segmental fixation combined with vertebro-
plasty and posterior-shortening osteotomy showed satisfactory results regarding correction
of deformity, pain relief and functional improvement in patients with KD [142]. However,
due to short segment fixation failures [143], the use of long segments to reestablish sagittal
alignment was proposed. In the cases, it was reported to remove the upper end plate of the
affected vertebral body and the superior intervertebral disc during the transpedicular sub-
traction and disc osteotomy combined with long-segment fixation, which favored bone fusion
[144]. The placement of cages and long-segment fixation in pedicle subtraction osteotomy and
disc resection has been useful in thoracolumbar post-traumatic kyphosis [145].
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Abstract

Introduction: The purpose of this article is to determine the prevalence of ON]J in patients
who have undergone intravenous bisphosphonate therapy, and relate the risk factors
described (including Actinomices); indeed, to establish a protocol to reduce the risk of
developing ONJ and to evaluate the evolution of the patient according to the sample’s
antibiogram.

Results: The prevalence of ONJ was 12.9%. Most of the non-diabetic patients did not
develop ONJ (92.3%) (p = 0.048). In regards to the periodontal state, 94.3% of patients
without periodontal problems did not develop ONJ (p = 0.001). Almost 50% of the necro-
sis were unifocal and located on the mandible (p <0.001). The number of affected patients
and the aggressiveness of the disease increased significantly three years after starting
treatment (p < 0.001). 87.5% of biopsies showed the presence of Actinomyces. The inflam-
matory response was very variable, ranging from absent to intense but it increased with
age (p = 0.005). The combination of amoxicillin with clavulanic acid showed good sensi-
tivity in the majority of patients (82.6%).

Conclusions: As the etiology of ONJ remains unknown, it is essential to prioritize pre-
vention while assessing the risk factors.

Keywords: osteonecrosis, bisphosphonates, prevalence, risk factors, microbiota, inflammation,
actinomyces
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1. Osteonecrosis of the jaws

1.1. History

The term osteonecrosis dates back to the 1950s, when a series of cancer patients who underwent
radiotherapy developed bone lesions on the jaws following the treatment [1-3]. This treatment,
which is currently resulting in many complications on an oral level, makes it very hard to cure
infections that are sometimes inevitable for these patients, since ischemia takes place on the
jaws.

Some years later, the first article appeared citing a periapical lesion following arsenic infiltra-
tion for canal treatment. Arsenic was used as a therapeutic agent and as poison in Ancient
Greek and Roman times [4]. It was also used as an agent during dental history for pulp devi-
talization, when anesthetics did not exist. Due to its ability to destroy cells in surrounding
tissues, the use of arsenic trioxide in vital pulpectomy has been dropped progressively [5].
Dumlu’s article (2007) described a case of jaw necrosis in a young patient following tooth
extraction of a first failed molar after arsenic treatment of the canals [6]. Toxavit, another devi-
talizing agent, has also been related to bone necrosis. In any case, both agents are currently
obsolete for these dental treatments [7, 8].

Another one of the causes mentioned in the history of osteonecrosis is the untreated intra-
capsular fracture, after several months, the described clinical symptoms were pain in the
temporal-jaw articulation in the affected side and the limitation in opening the jaw. On a
radiographic level, the condylar head is usually eroded and irregular [9].

Back in 1982, the first cases of osteonecrosis of the jaw in toothless patients by chemotherapy
treatment were published. Specifically, the article considered the origin was a lesion on the
mucosa due to a trauma caused by removable prosthesis.

The cases of aseptic osteonecrosis after jaw osteotomy following orthognathic surgeries have
also been described in the literature; they have been related mostly to a complication follow-
ing a surgical error [10].

In 2002, a clinical case of osteonecrosis of the jaws due to chemotherapy in a patient with
myelogenous leukemia was published [11]; and, a year later, the current term bisphospho-
nates-related osteonecrosis of the jaws was branded (BRONJ) [12].

Despite the osteonecrosis of the jaws was exclusively related to the mouth, some rare cases in
the external ear, the hip, the tibia and the femur have been documented [13, 14].

1.2. Definition

The concept of osteonecrosis of the jaws was introduced in 2003 when a series of 36 bone
lesions in the mandible and the maxilla were described in patients undergoing treatment with
pamidronate or zoledronate [12].
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Then in 2007, the American Association of Oral and Maxillofacial Surgeons (AAOMS)
described osteonecrosis of the jaws like persistent bone exposure in the mouth for over 8
weeks in patients with a history of use of bisphosphonates, without local evidence of malig-
nancy or radiotherapeutic treatment of the affected region [15].

Despite that the term osteonecrosis has been used in numerous contexts and even in dif-
ferent locations (not only for the jaws); it is currently related exclusively to the chronic use
of bisphosphonates. The condition is called bisphosphonate-related osteonecrosis of the jaw
(BRON]) [16], which was changed by the AAOMS in 2014 for the term medication-related
osteonecrosis of the jaw (MRON]), since this complication has also been described in relation
to other antiresorptive drugs (denosumab) and antiagiogenic therapies [17].

1.2.1. Prevalence and incidence

The prevalence of osteonecrosis of the jaws is variable according to the consulted authors,
reaching approximately 7-12%, although in more recent articles it tends to be even higher
(18.6%) [18].

In regards to IV bisphosphonates, the bibliography of a series of cases, case studies and con-
trols and cohorts, the estimations of the accumulated incidence of MRON] ranges from 0.8 to
12% [19].

In regards to oral bisphosphonates, clinical effectiveness has been proven, which is shown in
over 190 million prescriptions of these drugs around the globe [20]. Despite that osteonecrosis
cases have been described, these patients have a considerably lower risk of MRON] than can-
cer patients who have been treated with monthly IV bisphosphonates.

According to the database of the alendronate manufacturer (Merk), the incidence of MRON]
was calculated as 0.7/100.000 people/years of exposure [21]. This derives from the number of
(non-confirmed) reports of the cases that were considered as MRON], divided between the
number of alendronate pills prescribed since the approval of the drug. Although this is the
best information available to date, there could be a bias in the collection and validity of the
data.

In Australia, MRON] incidence in patients receiving weekly alendronate treatment ranges
between 0.01 and 0.04% [22]

Felsenberg registered a prevalence of MRON] among patients who underwent bisphospho-
nates therapy for osteoporosis of 0.00038%, based on the reports of three cases in the German
Central Register for Jaw Necrosis [23].

1.3. Risk factors

1.3.1. Local factors

A. Dentoalveolar surgery

e Extractions
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¢ Dental implants
¢ Periapical surgery
* Periodontal surgery

Cancer patients treated with IV bisphosphonates and who underwent dentoalveolar proce-
dures had 5-21 times more risk of MRON] than cancer patients who were treated with IV
bisphosphonates and who did not undergo dentoalveolar procedures [19].

B. Local anatomy
B1. Mandibular

* Lingual torus
¢ Mylohyoid line
B2. Maxilla

¢ Palatine Torus

The lesions are located with a higher frequency on the mandible than on the superior maxilla
(2:1) and more frequently in areas with thin mucosa that cover bone protrusions, such as the
torus, bone exostosis and the mylohyoid edge [24-26].

C. Concomitant oral diseases: Dental or periodontal abscesses [27].

1.3.2. Systemic and demographic factors

a. Age: Advanced age is related to a higher prevalence of MRONJ.
b. Sex: This factor has not been statistically related to a higher risk of osteonecrosis.
c. Race: Caucasians have a higher risk of MRON] compared to the Negro race [28].

d. Cancer diagnosis, with or without osteoporosis: The type of malignancy is not statistically
related to a higher risk of MRON], although the presence of bone metastasis presents a
correlation, according to Wessel’s article (P = 0.051) [29]. It is related with a higher risk of
osteonecrosis in the coadjuvant treatments in these patients, such as chemotherapeutic
agents (cyclophosphamide), erythropoietin and steroids [30, 31].

e. Tobacco and alcohol: There is a possible correlation with smoking but not with drinking,
according to the study published by Wessel et al. [29].

f. Genetic factors: It has been proven that polymorphism in the farnesyl pyrophosphate
synthase or the cytochrome of gen P450 CYP2CS8 increase the risk of MRONJ in patients
treated with IV bisphosphonates [32-34].

g. Others: Dialysis, low hemoglobin, obesity and diabetes are variables related to MRON]
[29, 31, 35].
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1.3.3. Drug-related factors

a. Bisphosphonate potency: IV bisphosphonates present higher power than oral ones [19].
b. Duration of the treatment: The longer the duration of the treatment, higher the risk of
MRON] [19].

1.4. Diagnosis

Patients diagnosed with MRON]J are defined by the following characteristics [17]:

1. Prior treatment with antiresorptive and antiangiogenic drugs.
2. Presence of bone exposure or intra- or extraoral fistula for over 8 weeks, without remission.
3. Patients who have not been treated with radiotherapy nor have metastasizing diseases in

the jaws.

With the intention of standardizing all the signs and symptoms present in the patients
affected by osteonecrosis of the jaws, a protocol for MRON] diagnosis was proposed in 2010
[36].

1.4.1. Clinical diagnosis

a. Greater clinical signs [37]

* Exposed necrotic bone in the oral cavity

b. Minor clinical signs and symptoms
* Abscess

* Displacement of jaw fragments

¢ Intra-extra oral fistula

e Jaw deformation

* Lip hypaesthesia/paraesthesia

* Gum or mucous fistula

¢ Nasal level excretions

¢ Unhealed post-extraction alveoli

® Pus excretion

* Spontaneous expulsion of bone sequestration
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¢ Dental mobility
* Local inflammation
* Bone and dental pain

e Trismus

1.4.2. Radiographic/tomographic diagnosis

®

Initial signs [38]

e Cortical fracture

e Sclerosis of the focal bone marrow
* Presence of post-extraction alveoli

¢ Trabecular engrossment

b. Late signs

¢ Diffuse sclerosis

* Oro-antral fistula

* Osteolysis extended to the sinus floor

¢ Osteosclerosis of adjacent bones (zygoma and hard palate)
* Pathological fracture

* Prominence of the lower dental nerve canal

* Sinusitis
1.4.3. Diagnosis through complementary testing

The histopathologic study and microbiological culture are also tests developed on the sup-
puration area. Developing an antibiogram is very helpful since these patients will be treated
with antibiotics during long periods of time and it is convenient to know the existing bacterial
spectrum and the sensitivity of these microorganisms to different antibiotics.

1.5. MRON] staging

The stages initially described by Ruggiero et al. [24] have been modified and adapted to clas-
sify patients with greater precision [17, 19, 39] (Figure 1).

Risk patient: Without apparent necrotic lesions in asymptomatic patients undergoing treat-
ments with oral or IV bisphosphonates.
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Stage 0: Patients without clinical evidence of bone necrosis, but with unspecific systems or
clinical or radiographic findings.

L

Symptoms
Odontalgia without odontogenic cause.
Pain at the jaw level that may irradiate to the temporomandibular joint.

Sinus pain, which may be related to inflammation or engrossment of the maxillary sinus
wall.

Alteration of the neurosensory function

. Clinical findings

Dental loss without periodontal cause

Periapical or periodontal fistula that is not related to a pulpal necrosis by cavities.

. Radiographic findings

Bone resorption that is not attributable to chronic periodontal disease.

Changes to the trabeculate and bone density and resistance to healing of the post-extrac-
tion alveoli.

Widening/darkening of the periodontal ligament.

Narrowing of the lower dental nerve canal.

These unspecific findings that are characteristic of State 0 can take place in patients with a
prior history of more advanced phases in whom the disease has been cured and have no clini-
cal evidence of exposed bone.

Stage 1: Asymptomatic bone exposure without clinical signs of inflammation or infection.

Stage 2: Bone exposure with infection and pain, erythema or inflammation of the mucosa,
with our without suppuration.

Stage 3: Bone exposure associated to pain, inflammation and infection with one or more of
the following complications:

Exposed necrotic bone beyond the alveolar region, as the lower border of the mandibular
branch, maxillary sinus or zygoma.

Pathological fracture.
Oro-antral and oro-nasal communication.

Extra-oral fistula.
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Figure 1. TNM Staging. (A) Stage 1; (B) Stage 2; (C) and (D) Stage 3.

1.6. Treatment

To focus on the treatment to be developed regarding this complication, it is essential to know
the pathophysiology of MRON], only by this way we can draft an appropriate treatment
plan.

To date, the source has not been adequately documented, describing a multi factor source.
Suppression of bone remodeling can contribute to the development of osteonecrosis by an
inadequate activity of osteoclasts that do not allow the post-extraction alveoli to heal. The
presence of microflora in the mouth have also been related as an osteonecrosis-promoting
factor, since numerous biopsy studies and bone sequestrations revealed the presence of
Fusobacterium, Eikenella, Bacillus, Actinomyces, Staphylococcus and Streptococcus [40]. Bacterial
infection produces local cytokines that promote local osteolysis that contribute to the stimula-
tion of bone resorption and, therefore, subsequent necrosis [41-43].

Additionally, recent articles relate the presence of Actinomyces in MRON], although these are
small studies on a series of cases having a very small impact in establishing a specific treat-
ment strategy [28, 44-46].

Antinomyces are Gram-positive anaerobic facultative bacteria that do not form spores and
are commonly filamentous. They are frequent commensals of the mucosa in the oropharynx,
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intestinal tract and the female genital tract, once the mucosa barrier is broken due to trauma,
surgical interventions or foreign objects, they can invade deep tissue structures and com-
promise treatment response. Progressive chronic disease is called actinomycosis, and the
treatment of this pathology is based on a prolonged antimicrobial therapy for 2-6 months in
combination with surgery [47, 48].

1.6.1. Conservative treatment

a. Oral hygiene: Teach the patient good brushing techniques and a good daily control of
dental plaque.

b. Periodical dental exam: Periodical visits to control the new pathology that could receive
conservative treatment.

c. Antimicrobial rinses: The mouthwash par excellence is chlorhexidine at 0.12%.

d. Antibiotic treatment: Multiple antibiotic standards have been described, but it is obvious
that there is an increasing bacterial resistance to penicillins. Running an antibiogram is al-
ways advisable to assess the sensitivity and drug resistance to provide the most appropriate
treatment.

* Amoxicillin with or without clavulanic acid (500 mg/1 g)
¢ Clindamycin (300 mg)
* Azithromycin (500 mg)

e Metronidazole with betalactamic antibiotics

e. Ozone therapy: Ozone is a natural gas produced by the atmosphere that has antimicrobial
and healing properties. Its role as a treatment for the osteonecrosis of the jaws has been
discussed in clinical and pre-clinical studies, since it was believe that this gas induced tis-
sue repair and, therefore, healing of the mucosa [49].

Numerous studies have used this therapy as an adjuvant in antibiotic treatments with good
results, although further standardized studies are needed to accurately determine their effec-
tiveness [50].

f. Hyperbaric oxygen therapy: Hyperbaric oxygen therapy (HBOT) is very controversial in
the literature. It is believed that it stimulates tissue healing, reducing edema and inflam-
mation, stimulates cell proliferation and moderates the suppression of bone remodeling
produced by the use of bisphosphonates [51-53].

g. Soft LASER: This innovative and effective medical method has a pain-reducing effect,
improving circulation in the lesion and helping nerve regeneration. At an oral level, it im-
proves re-epithelialization following periodontal or third molar surgery [52, 54].
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Most conservative treatments on their own do not show accurate results on their effective-
ness, especially in more advance stages. Authors use them in combination with antibiotics
and observe that these can help heal the patient, especially in terms of tissue regeneration; but
it is always reinforced with an appropriate antibiotic treatment (Table 1) [55].

1.6.2. Surgical treatment

For patients in advanced stages and resistant-clinical-cases:

a. Conservative surgery: Includes the remotion of the necrotic bone (sequestration) and/or
superficial unbinding associated to antibiotic therapy and chlorhexidine rinses.

b. Resective surgery: Destined to patients in whom previous treatments have not been
effective or have very advanced stages. This process has been questioned since it is
difficult to guarantee complete resection of the necrosed bone sectioned at the healthy
bone [56, 57].

Numerous studies show high improvement rates in patients who underwent surgical treat-
ment both in conservative and resective procedures (Table 2) [55].

1.6.3. Other treatments

The use of stem cells [58, 59], platelet-rich plasma [60], the administration of parathyroid hor-
mone [61] or the use of leukocyte- and platelet-rich fibrin [62] are also promising proposals,
but they require further clinical studies that attest to their effectiveness.

1.6.4. Protocol for the treatment of MRON]

Risk Patients: They do not require treatment, but must be informed of the risks of developing
MRONYJ, as well as the signs and symptoms of this disease [19, 24].

Type of treatment Author/Year No. patients healed/No.
patients treated (%)
Antibiotic treatment Melea et al. (2014) 23/38 (60%)
Van den Wyngaert et al. (2009) 16/33 (53%)
Scoletta et al. (2010) 18/30 (62%)
Nicolatou-Galitis et al. (2011) 7/47 (14.9%)
T Antibiotic treatment + hyperbaric oxygen Freiberger et al. (2012) 13/25 (52%)
Antibiotic treatment + ozone therapy Ripamonti et al. (2011) 10/10 (100%)
Pentoxifylline + a-tocopherol Magremanne et al. (2014) 1/1 (100%)

Table 1. Summary of studies with a conservative focus for the management of ONJ-related osteonecrosis [55].
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Type of treatment

Author/Year

No. patients healed/No.
patients treated (%)

Conservative surgery

Conservative surgery + ozone therapy

Conservative surgery + L-PRF

Resectlve surgery

Rugani et al. 2014
Vescovi et al. (2012)
Thumbigere-Math et al. (2009)
Williamson et al. (2010)
Vescovi et al. (2014)
Graziani et al. (2012)
Wutzl et al. (2008)
Agrillo et al.

Kim et al.

Graziani et al. (2012)
Carlson and Basile (2009)
Bedogni et al. (2011)
Voss et al. (2012)

Schubert et al. (2012)

15/17 (88.2%)
11/17 (65%)
3/19 (15%)
40/40 (100%)
25/27 (92.6%)
227 (54%)
24/41 (519%)
57/94 (60%)
26/34 (77%)
87/120 (72.5%)
87/95 (92%)
27/30 (90%)
20/21 (95%)

47/54 (87%)

Note: L-PRF (leukocyte- and platelet-rich fibrin).

Table 2. Summary of studies with a surgical focus for the treatment of MRON]J.

Stage 0: Symptomatic treatment and control of local factors, such as cavities and periodontal
disease.

Stage 1: Daily rinses with antimicrobial agents (chlorhexidine at 0.12%) and regular control
visits.

Stage 2: Oral antimicrobial rinses (chlorhexidine at 0.12%) in combination with antibiotic
therapy.

Stage 3: Combination of different protocols:
¢ Surgical debridement of the necrotic bone
¢ Antibiotic therapy (oral or IV)

* Analgesics

¢ Daily rinses with antimicrobial agents (chlorhexidine at 0.12%)
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Regardless of the state of the patient, mobile bone sequestration segments must be retrieved.
Extraction of affected teeth with symptoms within the exposed necrotic bone must be consid-
ered, since it is improbable that the extraction exacerbates the established necrotic process.

1.7. Prevention

Despite all the treatments proposed above, the latest articles agree that none of these are
completely effective for all cases, therefore, the main goal in these patients is prevention of
this complication.

Back in 2009, AAOMS [16] determined that prevention was the main goal in the manage-
ment of these patients, recommending that patients are evaluated and treated before initiating
bisphosphonate therapy.

There are several studies that document that preventative dental treatment decreases the
risk of MRON]J among patients with malignant tumors treated with IV bisphosphonates
[63, 64]. These findings suggest that, although MRON] is not eliminated, evaluations and
dental treatment prior to beginning bisphosphonate therapy in cancer patients reduces the
risk of MRON].

Furthermore, they advise revising the doses prescribed to the patients, since it has been
proven that [65] the accumulative doses can increase the risk of suffering complications.

The risk of developing MRON] due to oral bisphosphonate treatment is minimal, but it
seems to increase when the duration of the treatment is more than 3 years. This period of
time can be reduced in the presence of certain concomitant diseases, such as the chronic
use of corticosteroids. Systemic conditions permitting the clinician should consider inter-
rupting oral bisphosphonate treatments for a 3-month period before and another 3 months
after elective invasive dental surgery with the purpose of reducing the risk of MRON]. The
justification of this focus is based on extrapolated data that show fluctuations depending on
osteoclasts, which is related to the treatment with bisphosphonates, and recent studies show
that there is a better result in the treatment of MRON] after eliminating the drug [66]. In
the long term, prospective studies will be necessary to establish the efficacy of suppression
period of these drugs to reduce the risk of MRON]J in patients undergoing oral bisphospho-
nate treatments.

1.7.1. Patients about to begin bisphosphonate treatment

The goal is to reduce the risk of developing MRONJ] to the minimum despite that a small per-
centage of patients who receive IV bisphosphonate therapy can develop osteonecrosis spon-
taneously [19]. Thus, if the medical conditions of the patient allow, the start of the treatment
must be delayed until their dental health is optimal [63, 64]. This decision must be made by
the doctor, together with the dentist and other specialists involved in the patient’s care.

Untreatable teeth and those with bad prognosis must be extracted. Additionally, other neces-
sary dentoalveolar surgeries should also be performed at this time. The start of the treatment
with bisphosphonates, if possible, should be delayed until complete healing of the mucosa
(14-21 days) or until there is an appropriate bone healing.
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Dental prophylaxis, cavity control and restorative-conservative odontology are essential to
maintain dental health. This level of attention should be maintained indefinitely. The patients
with complete or partial prosthesis should be examined to avoid the trauma areas of the
mucosa, especially in the border of the tongue. It is essential that patients are trained in
regards to the importance of oral hygiene and regular dental evaluations, and instructed spe-
cifically to report any pain, swelling or exposed bone area.

1.7.2. Asymptomatic patients who receive IV bisphosphonates

Procedures that imply direct bone lesion should be avoided, therefore, unrestorable teeth
should be treated by eliminating the crown and the endodontic treatment of root fragments
[21]. The placement of dental implants must be avoided in cancer patients exposed to higher
potency bisphosphonates (zoledronic acid and pamidronate) with a frequent dose program
(4-12 times/year).

1.7.3. Asymptomatic patients who receive oral bisphosphonate treatments

In general terms, these patients seem to have less severe manifestations of necrosis and
respond promptly to the described treatments [67, 68]. Elective alveolodental surgery does
not seem to be contraindicated in this group, although it is advisable that the patients are
appropriately informed on the small risk of complications in bone healing. The use of levels
in the bone exchange markers and a drug break in the treatment have been documented
as additional tools that guide in making treatment decisions in patients exposed to oral
bisphosphonates [68]. Currently, the effectiveness of the systemic markers of bone exchange
to assess the risk of developing jaw necrosis in risk patients is being questioned, which
requires more research before considering it as a valid risk evaluation tool. In the long term,
prospective studies will be necessary to establish the efficacy of suppression period of these
drugs (drug holidays) to reduce the risk of MRONJ in these patients.

The risk of MRON] seems to be more associated to the duration of the treatment (23 years)
than the dosage, since there has not been any information indicating that the monthly dosage
of bisphosphonates is related, with a high or reduced risk of MRON] when it is compared
with the weekly dose program.

There a no solid recommendations based on clinical research for patients who take oral
bisphosphonates. The Task Force strategies described above have remained essentially
unchanged and are based on the clinical experience of the physicians (expert opinions) who
participate in the care of these patients [24, 64, 68-70].

1.7.3.1. Patients who have taken oral bisphosphonates for less than 3 years and have no clinical risk
factors, alterations and have the possibility of programmed surgery

Includes all the common procedures for oral and maxillofacial surgeons, periodontists and
specialists.

If dental implants are placed, an informed consent must be presented in regards to possible
implant failure and the possible osteonecrosis of the jaws, if the patient continues the oral
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bisphosphonate treatment. It is also advisable to contact the doctor who initially prescribed
the oral bisphosphonate to suggest monitoring of these patients and consider a possible alter-
native dose to the bisphosphonate, temporary suppression of the drug or an alternative to the
medication.

1.7.3.2. Patients who have been administered oral bisphosphonates for less than 3 years associated
with corticosteroids

If systemic conditions allow, the physician must be contacted to consider the interruption of
the oral treatment for at least 3 months prior to the oral surgery. Reinstatement of bisphos-
phonate therapy should not take place until complete bone healing. These strategies are based
on the opinion of experts with significant clinical experience and the hypothesis that concomi-
tant treatment with corticosteroids can increase the risk of developing MRON].

1.7.3.3. Patients who have been administered oral bisphosphonates for less than 3 years, with or
without corticosteroids

If systemic conditions allow, the physician must be contacted to consider the interruption of
the oral treatment for at least 3 months prior to the oral surgery and, similarly, bisphospho-
nate therapy should not be reinstated until complete bone healing.

1.7.4. CTXs (C-terminal telopeptide in serum)

This bone resorption biomarker has been used for years as a predictive factor for the devel-
opment of bisphosphonate-related osteonecrosis when deciding on the dental treatments
for this type of patients [71]. In a study by Marx et al. (2007), they observed CTXs in fast-
ing samples to correlate the values and the period of use of oral bisphosphonates and to
demonstrate if the increase in value could indicate a recovery in bone remodeling when
suspending oral bisphosphonate treatment. Risk stratification was determined according to
the obtained values, CTX under 100 pg/ml represented high risk, CTX between 100 pg/ml
and 150 pg/ml represented moderate risk, while CTX above 150 pg/ml represented minimal
risk. CTX values increased between 25.9 and 26.4 pg/ml for each drug holiday month from
the bisphosphonates, which indicated a recovery of the bone remodeling and a directive in
terms of when the oral surgical procedures could be developed at a lower risk. Additionally,
it was observed that in terms of the drug suppression periods associated to CTX values, the
latter rose above the threshold of 150 pg/ml, which coincides with spontaneous bone healing
or a better response to complete healing after debridement. [68].

After years of research, a meta-analysis of nine controlled studies did not reveal significant
differences in the mean values of CTXs among patients with MRON] and controls (mean
difference, -31.417; 95% confidence interval [CI], —91.560 to 28.726; P = 0.306). Additionally, a
second meta-analysis of four studies did not show significant differences in the risk of osteo-
necrosis with CTX values below 150 pg/ml for patients with MRON] in comparison with the
controls (risk ratio, 1.892; 95% CI, 0.636-5.626; P = 0.251) [71].
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The term “Drug Holiday” has appeared recently as a preventative measure when certain risk
odontological treatment must be performed or to improve healing after the appearance of
osteonecrosis. There are several proposals but there is no clear consensus regarding bisphos-
phonate suppression periods (Table 3) [72].

Cancer patients benefit mainly from the therapeutic effects of bisphosphonates, such as
the control of bone pain and the incidence of pathological fractures. An interruption of
IV bisphosphonate therapy does not offer short-term benefits. However, if systemic condi-
tions allow, long-term suspension can be beneficial in the stabilization of the areas affected
by MRON], which reduces the risk of necrosis in other locations and minimizes clinical
symptoms [63, 64]. The oncologist’s role is very important to assess the risks and benefits of
suppressing the treatment.

Regarding the interruption of oral bisphosphonate treatment in patients with MRON], a grad-
ual improvement of the disease has been proven [68]. The interruption of oral bisphospho-
nates for 6-12 months may favor healing, after the removal of a bone sequestration or after

Guideline Bisphosphonate exposure history by route of administration

Oral Intravenous
ASBMR> No specific guidelines given No guidelines given
AAOMS” Less than 3 year duration: No guidelines given

No change to dosing
Less than 3 year duration and corticosteroids:
Cease: 3 months prior
Recommence: Osseous healing has occurred*
More than 3 year duration:
Cease: 3 months prior
Recommence: Osseous healing has occurred*
CCPG*® No specific guidelines given Cease: 3-6 months prior
Recommence: Full healing?
Mayo Clinic® No guidelines given Cease: 1 month prior
Recommence: Full healing
MEA®* No guidelines given Low/intermediate risk of SRE:
Cease: 2-3 months prior

Recommence: 2-3 months after or full
healing

*If systemic condition permits.

Table 3. Proposals in the bisphosphonates suppression rate [72].
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debridement. The decision to suppress the drug must be assessed by the physician and the
patient, as long as the systemic conditions allow.

2. Bisphosphonates

2.1. Definition

Bisphosphonates are non-metabolizable pyrophosphate analogues that are deposited on
the bones and prevent or improve bone complications of the patients with bone alterations.
Different bisphosphonates differ depending on the alterations of the R-2 lateral chain struc-
ture. These R-2 lateral chains determine the efficiency and the cellular effects of the inhibi-
tion of bone resorption [73]. The bisphosphonates are internalized by osteoclasts, causing the
interruption of bone resorption. They also have antigiogenic properties, since they reduce
the circulating levels of vascular endothelial growth factor (VEGF) [74-78] and antineoplastic
effects [79]. It has very little intestinal absorption and is excreted without being metabolized
by the kidneys.

Until 2001, pamidronate (Aredia®) was the only drug approved in the USA for the treatment
of bone metastasis. In 2002, the US Food and Drug Administration (FDA) [80] approved zole-
dronic acid (Zometa®) as a treatment for these patients. Currently, the annual transfusion
of zoledronate (Reclast®) and the parenteral formulation of ibandronate (Bonviva®) adminis-
tered every 3 months has been approved by the FDA for the treatment of osteoporosis [81].

In 2003, using the articles by Marx [12] and Ruggiero et al. [25], they observed and reported
on the cases of unhealed bone exposure in the maxillofacial region in patients treated with
IV bisphosphonates and, after multiple further publications, in September 2004, Novartis the
manufacturer of pamidronate (Aredia®) and zoledronic acid (Zometa), added the complica-
tions deriving from this treatment to the labeling of these drugs, with the purpose of warning
the health care professionals of the possibility of developing osteonecrosis of the jaws [82].

2.2. Types of bisphosphonates

According to their chemical structure, these are divided into two groups.

Non-nitrogenous: These are very similar to natural pyrophosphate, such as etidronate or
clodronate that contain CH3 and Cl groups instead of the R2 chain and a nitrogen-free ring,
such as tiludronate. They are metabolized by macrophages in toxic analogues of adenosine
triphosphate (ATP) [83].

Nitrogenous: They present higher power, such as zoledronate and pamidronate, with a pri-
mary atom of basic nitrogen with an alkyl chain. They have a power 10-100 times higher than
non-nitrogenous. Mevalonate inhibits the cholesterol route through the farnesyl diphosphate
synthase enzyme [83].

There is a great variety of bisphosphonates approved for clinical use in the USA (Table 4).
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Generic name Commercial name Laboratory RP FDA-a
Pamidronate Aredia, IV Novartis 100 1991
Tiludronate Skelid, O Sanofi 10 1997
Alendronate Fosamax, O Merck 1000 1997
Etidronate Didronel, O Proctor & Gamble 1 1997
Risedronate Actonel, O Proctor & Gamble 5000 1998
Zoledrénic acid Zometa, IV Novartis 100,000 2001
Ibandronate Bonviva, O Roche 10,000 2005

Note: O: oral; IV: intravenous.

Table 4. Drugs approved in EEUU.

2.2.1. IV bisphosphonates

Itis estimated that over 2.8 million cancer patients from around the world have received treat-
ment with IV bisphosphonates since their introduction [84].

* Pamidronate (Aredia): a second-generation bisphosphonates that are administered every
3—4 weeks at a dosage of 90 mg.

¢ Zoledronic acid (Zometa): a third-generation bisphosphonates, administered every 3—4
weeks, at a dosage of 4 mg.

It is a heterocyclic imidazole and, to date, the most powerful bisphosphonate to be admin-
istered to humans. In a test on in-vitro bone resorption using mouse cranium, zoledronate
was at least 100 times more powerful than pamidronate. Additionally, the in-vivo animal
model of calcitriol-induced hypercalcemia in thyroparathyroidectomized rats was 850 times
more active than pamidronate and over 4 times more powerful than clodronate. Of all the
bisphosphonates under clinical evaluation, this is the one having a higher therapeutic rela-
tionship between the desired inhibition of bone resorption and the undesired inhibition of
bone mineralization, furthermore, several toxicology studies proved that the compound is
safe [85].

2.2.2. Oral bisphosphonates

Due to the proven clinical effectiveness, it is considered a first line therapy in the treatment of
osteoporosis and they are the most prescribed antiresorptive agents.

* Alendronate (Fosamax): 70 mg once a week during the osteoporosis treatment or less, if it
has been prescribed for the prevention of osteoporosis.

It has been proven to prevent approximately 50% of cases in the prevention of the bone loss in
the spine or hips in menopausal women and the reduction of bone fractures [86, 87].

* Risedronate (Actonel): 35 mg once a week.
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In a prospective study with a large sample, risedronate produced a reduction of 30% in hip
fractures [88, 89].

* Ibandronate (Boniva): is the latest drug to be approved by the FDA (March, 2005) for the
treatment of osteoporosis and it is administered monthly.

* Etidronate (Didronel): prescribed for the Paget disease with a dose of 300-750 mg/day for
6 months.

¢ Tiludronate (Skelid): prescribed for Paget disease with a dose of 400 mg/day for 3 months.

2.3. Metabolism

Bisphosphonates have an average life between 30 min and 2 h and are deposited in the loca-
tions with higher bone metabolism, and can remain at the bone level for approximately 10
years. The highest concentration is located in urine and saliva, and the most frequent adverse
effects are renal insufficiency and osteonecrosis [90-92]. The accumulative doses described by
Maerevoet, is of 72 mg for 18 months [90, 93].

In the case of IV bisphosphonates, such as zolendronic acid, 40% is eliminated unaltered
through urine after 24 h [94] and the remaining 60% are united at bone level due to the great
affinity of hydroxyapatite. This phenomenon takes place in areas of bone remodeling, in
which the periodical exchange produces unaltered kidney excretion after a long elimination
phase [95]. The mean life of this second elimination phase may last months or years, depend-
ing on the duration of the bisphosphonate treatment [96].

Excretion of oral bisphosphonates has also been studied, for example, in a rat study, in which
they administered risedronate orally, and determined that 80% of the drug was excreted
through the kidneys 12 h after the administration of the drug. Additionally, the study con-
cluded that taking oral bisphosphonates with mineral water that contains high calcium and
magnesium levels reduced the effect of the drug; therefore it is advisable to take it as soon as
the patient wakes up and in a vertical position [97]. These authors previously described the
effect of water in combination with taking alendronate [98].

2.4. Detection of bisphosphonates

The concentration of bisphosphonates in a specific bone location depends on the speed of
bone remodeling and blood circulation [99]. It is important to know the concentration of accu-
mulated bisphosphonate in the bone to understand the long-term drug effect and its toxic-
ity. Today, numerous authors have been able to quantify these drugs in plasma and urine
through mass spectrometry (MS), which requires a previous derivation process that allows
to transform the bisphosphonates into more hydrophobic substances so they can be studied
[100, 101].

The development of analysis methods for the detection of bisphosphonates in biological
matrices, it is hard due to the chemical properties of these compounds. The detection of
bisphosphonates in human biological matrices comes with certain difficulties and therefore a
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broad range of analytic techniques have been described, such as gas chromatography [102],
ion chromatography [103], capillary electrophoresis, ionization mass spectrometry by electro-
spray [104] and chromatography of fluids [105].

2.4.1. Mass spectrometry (MS)

A method for the extraction and detection of zoledronic acid in urine and blood plasma or
even accumulated in the bone (in a mouse model) through the combination of chromatogra-
phy and mass spectrometry (MS) [100, 106].

In these studies, a higher accumulation of bisphosphonates in bone extracts of the mandible
was detected, compared to other types of bones [106]. On the other hand, human urine and
blood plasma detected a maximum concentration peak of the drug of 77 uM (5 h after the
administration) and 1.5 uM (after 1 h), respectively [100]. This methodology achieves high
sensitivity and specificity in the detection, however, it requires a pretty complex and ardu-
ous treatment of the sample requiring phases with chemical reactions to derive the complex.
The complexity of the treatment of the sample can be a limiting factor when the number of
samples to be analyzed is high, as in the case of the follow-up of the pharmacokinetics and the
bioavailability of zoledronic acid since its administration. For this reason, it would be desir-
able to have a more efficient alternative method to detect this drug.

2.4.2. Nuclear magnetic resonance spectroscopy (NMR)

Nuclear magnetic resonance (NMR) spectroscopy is a useful technique in chemometrics that
can be used for the characterization of simple or complex mixes of different sources and pro-
vide quantitative results. There is a great variety of “omics” applications for NMR, such as
metabonomics, metabolomics, proteomics, transcriptomics, fluxomics, foodomics, lipidomics, fermenta-
nomics, isotopomics, etc. One of the areas with greater impact in biomedicine is metabolomics
by NMR for the study of metabolites in different types of samples, such as biofluids (urine,
saliva, blood plasma, blood serum, sweat, etc.), tissue extracts, cerebrospinal fluid, cells, etc.
Metabolomics by NMR can be used to find biomarkers for the study, diagnosis and prog-
nosis of diseases. Similarly, it can help many traditional analysis at a clinical level, since the
cost per sample is or can be competitive if large lots of samples are managed, in terms of the
time for the analysis (measurement) and the generation of results (automated). There are a
number of pathologies for which the study of biofluids or tissues by NMR has found useful
biomarkers [107, 108]. A relevant case of application of NMR in this area is the quantification
of lipoprotein in blood serum/plasma. NMR offers details on the relative abundance of differ-
ent subclasses of lipoproteins that are not accessible to traditional analysis methods [109, 110].

It is a quantitative technique that allows determination of the absolute concentration of
diluted substances in general, including biofluids. It is based on the fact that the intensity
of a signal in the NMR spectrum is proportionate to the concentration of the molecule (or
metabolite) generating the said signal. As an approximate value, to assess the sensitivity of
this technique, in a current spectrometer with a 11.7 T magnet, the minimum concentration
required to detect a molecule in a monodimensional spectrum (1D) of 'H (proton spectrum,
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as it is commonly known in our jargon) must amount to a minimum of 10 um, for a measure-
ment period of 15 min.

For the case of urine samples, under these same measurement conditions, 50-60 metabolites
can be identified and quantified in their proton spectrum (Figure 2).
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Figure 2. Typical spectrum of 'H NMR of a human urine sample. The numbers indicate the following metabolites:
1: creatinine, 2: citric acid, 3: glycine, 4: formic acid, 5: methanol, 6: guanidinoacetic acid, 7: acetic acid, 8: L-cysteine, 9:
glycolic acid, 10: creatine, 11: Isocitric acid, 12: hippuric acid, 13: L-glutamine, 14: L-alanine, 15: L-Lysine, 16: gluconic acid,
17: 2-hidoxiglutaric acid, 18: p-glucose, 19: indoxyl sulfate, 20: trimethyl-N-oxide, 21: ethanolamine, 22: r-lactic acid, 23:
taurine, 24: L-threonine, 25: dimethylamine, 26: pyroglutamic acid, 27: trigonelline, 28: sucrose, 29: trimethylamine, 30:
mannitol, 31: L-serine, 32: acetone, 33: L-cystine, 34: adipic acid, 35: L-histidine, 36: L-tyrosine, 37: imidazole, 38: mandelic
acid, 39: dimethylglycine, 40: cis-aconitic acid, 41: urea, 42: 3-(3-Hydroxyphenyl)-3-hydroxypropanoic (HPHPA), 43:
phenol, 45: isobutyric acid, 46: methylsuccinic acid, 47: 3-Aminoisobutiric acid, 48: L-fucose, 49: N-acetylaspartic acid, 50:
N-acetylneuraminic, 51: acetoacetic acid, 52: Alpha-aminoadipic acid, 53: methylguanidine, 54: phenylacetylglutamine [111].
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When a series of NMR spectra need to be compared, such as urine, it is important to consider
some details regarding post-processing of the spectra and the process to obtain their quanti-
tative values, in such a way that no errors are introduced in this phase and the quantitative
results that are obtained are the most precise and repeatable as possible. Although with slight
variations regarding some details, the general method for the treatment of spectral informa-
tion for the metabolomic studies by NMR is the one described below.

2.4.2.1. Preparation of a biofluid sample

A series of protocols have been established for the preparation of biofluid samples and their
subsequent preservation until the NMR measuring [112, 113]. Similarly, there are experimen-
tal parameters to be used for the measurement of the NMR spectrum for each type of biofluid
[112, 113]. These protocols standardize the measurements, thus allowing the comparison of
the spectra obtained and the NMR spectrum (e.g. the Human Metabolome Database: www.
hmdb.ca) and/or with bibliographic results. These sample preparation protocols tend to be
simple and do not require special laboratory equipment.

2.4.2.1.1. Generation of a signal intensity data matrix (integrals) on regions of interest (ROls) of the
NMR spectrum

The raw data provided by the spectrometer when measuring the 'H NMR spectrum is called
free induction decay (FID). The data must be post-processed by applying a series of operations
to generate a final spectrum with a scale of frequencies (expressed by standardized ppm units)
and with the best quality possible [114]. Once the post-processing has been completed for each
of the spectra to be studied, the following phase consists of comparing analogue regions of the
spectrum with the target to find, if possible, a certain region that could serve as a biomarker, in
other words, a region in which the signal’s intensity pattern is significantly different in the sam-
ples of the control group and the experiment group, while being similar within their own group.

Instead of manually selecting one or several regions for comparison, the usual and practical
procedure is to perform a systematic analysis, dividing the entire spectrum automatically,
from right to left, through a series of small segmental regions (e.g. with an established width)
in which the area of the signal is integrated individually. Each of these regions is called buck-
ets or regions of interest (ROIs). This way, a complete spectrum is represented as a data vector
formed by the integrals of the selected ROIs, with as many integral values as segments of the
spectrum have been created.

Lastly, a table is created with the data, placing the vectors of each of the analyzed samples in
different lines (Figure 3). There are software tools that automate these operations to generate
the data table, as well as the phase before the post-processing.

2.4.2.2. Standardization of the data of the ROIs Matrix

Of the ROI matrix integral values, the negative values are initially purged since they only
contain noise (a ROI must have at least an integral value or a signal area that equals zero).

65



66 Osteonecrosis

iili

i

(BT

s
o 455

i

r
N
-
&
3

#lana

e

mmmmmm
NS St tegalt  Simegal  Sikmegall ..

Figure 3. Scheme for the construction of a NMR ROI data matrix from 53 NMR spectra. Above: 53 'H spectra in which
we have selected certain ROIs for the integration of the signal. The vertical piling scale identifies each of the samples (¥
sample). The same color has been used to identify samples that should be, a priori, of the same type. Below: NMR ROls
data matrix obtained through the integration of each of the ROIs.

The ROIs data standardization process seeks to take all the analyzed samples to a “virtual”
constant that eliminates all the differences in global concentration in the ROl integral samples,
which could simply respond to the urine having a higher or lower concentration of H,O. When
the dilution effect is eliminated, the differences between values of the same ROI in a pair of
samples directly reflect variations in the relative concentration of the studied metabolite.

2.4.2.2.1. Standardization method of each ROI line at a standard addition

A first standardization method consists of standardizing the total addition of the ROlIs. This
method considers that the total addition of all the ROIs of the same spectrum has a constant
value, and that this is the same for all the samples. This type of standardization by matrix lines
consists of dividing each ROI value by the total addition of ROIs of its same line. As a result,
the standardized ROIs of a sample add up to the unit.
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2.4.2.2.2. Probabilistic quotient standardization method

This method consists of using the data of the ROIs of a certain sample of the study (a line of
the matrix) and dividing the ROIs between those of another sample that is used as reference.
This allows us to deduce the most probable multiplication factor so that the ROIs of the first
sample are as close as possible to the reference sample. The most probable multiplication
factor is calculated for each sample (for each line of the matrix). As a result of applying each
factor on the ROIs of the relevant samples, their ROIs will be standardized as if the sample
would have been prepared in the same concentration as the reference sample [115].

2.4.2.3. Statistical analysis of the NMIR ROIs Matrix

The Matrix of standardized ROIs is analyzed by multivariate statistic methods to identify the
ROIs that contain similar or different patterns of the integral in samples of the same or different
group and their potential biomarkers. To do this, algorithms, such as the Principal Components
Analysis (PCA), Discriminant Analysis (DA) and Orthogonal Projections to Latent Structures-
Discriminant Analysis (OPLS-DA) are used. These algorithms have been implemented in sev-
eral general statistical software packages, for example, R, SPSS or XLSLAT, among others.

In favorable cases, one or more ROIs with potential biomarkers related to the property under
investigation are identified, for example, the effect of certain medical treatments, a type of
diet, a disease, etc. Additional objectives can then be included in the study, such as the identi-
fication of what specific biomarkers (metabolites) were altered compared to the control group,
to try to discover through which metabolic pathway they underwent this change. Some of
the biomarkers that are identified as different from the control group may not correspond to
any of those that are typically found in the relevant type of biofluid, but they may proceed
from the metabolism of a drug or a special diet that has been prescribed. In this case, once its
NMR signal has been identified, we could consider performing a longitudinal follow-up on
its appearance in the biofluid since its administration.

2.5. Medication-related osteonecrosis of the jaw (MRONJ)

Currently, two types of drugs, aside from bisphosphonates, have been proven to cause necro-
sis of the jaws.

2.5.1. Antireabsorptives: denosumab

It is a RANKL monoclonal antibody that is currently still undergoing clinical trials for the
treatment of osteoporosis, primary and metastatic bone cancer, giant cell tumor and rheuma-
toid arthritis [116, 117]. RANKL is necessary for the activation and function of mature osteo-
clasts [118, 119], which together with osteoprotegerin (OPG), maintains the balance of bone
resorption in a healthy state. When an imbalance occurs in the RANKL/OPG ratio, resorption
is favored in bone diseases [120, 121].

Denosumab has a high specificity due to human IgG2 that binds specifically to human RAN,
and not other members of the TNF superfamily [116, 122, 123]. In clinical trials, this drug
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causes rapid and prolonged decreases in bone exchange markers without any change in bone
formation, which gives it antireabsorptives characteristics [124]. It has also shown better clini-
cal results compared to bisphosphonates in the treatment of osteoporosis and cancer with a
higher increase in bone density and suppression of bone remodeling markers, with a proven
efficacy even in patients who had been previously resistant to bisphosphonates [117, 125, 126].

These drugs also produce osteonecrosis of the jaws with a prevalence of 0.7-19% [127, 128],
which is very similar to the osteonecrosis from bisphosphonate treatments [117]. Since the
first case of maxillary osteonecrosis due to this drug published in 2010 [129], several stud-
ies have been published but only one of them describes histopathologic characteristics [130].
The fragments of necrotic bone showed empty osteocytic lacuna and absence of osteocytes,
osteoblasts and osteoclasts. The authors suggest that these characteristics are very similar to
bisphosphonate-related osteonecrosis [131]

2.5.2. Antiangiogenics

These drugs hinder the development of new blood vessels and block the cascade of angio-
genesis [132].

Bevacizumab: Monoclonal antibodies that stop the growth factor.

Suntinib and Sorafenib: Tyrosine kinase inhibitors.

3. Results of our experience

3.1. Regarding the risk factors

All the patients of this study visited the Master of Oral Medicine, Surgery and Implantology
of the Faculty of Dentistry of the University of Santiago de Compostela. The patients were
derived from the Unit of Oncology of the Complejo Hospitalario Universitario de Santiago de
Compostela (CHUS) for a dental examination prior to treatment with intravenous bisphos-
phonates. The study was approved by the Clinical Research Ethics Committee of Galicia, in
addition to the gaining informed consent from the patients.

Patients treated with zoledronic acid for a period of 7 years (2006-2013) and patients with a
history of treatment of head and neck radiotherapy were excluded.

Local risk factors: Only those patients who underwent exodontics during bisphosphonate
treatment had a statistically significant risk (P >0.001), as well as a direct relationship accord-
ing to the periodontal status of the patient, since no patient with periodontal health developed
MRONJ (P = 0.001). As previously described in the literature, research showed that the man-
dible is more affected than the upper maxilla and is also statistically significant (P < 0.001)

Systemic risk factors: There were no significant differences in terms of gender (P = 0.063).
Age did not show significant differences but there were more cases of osteonecrosis in elderly
patients, probably because these patients are more compromised at the systemic level; in fact,
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86.6% of them were polymedicated. The type of cancer, arterial hypertension and treatment with
chemotherapy or corticosteroids did not show statistically significant differences, although the
literature describes them as obvious risk factors. We could only conclude that patients without
diabetes did not develop MRONJ] (P = 0.048). In our study we did not factor in their race, since
100% of the patients were Caucasian and from a specific population. As described by Wessel
et al. [29] in their study, 100% of our patients had bone metastases, which justified the use of
intravenous bisphosphonates and, therefore, also implied an increased risk of complications.

Drug-related factors: Regarding potency, all patients were treated with the same bisphospho-
nate (zoledronic acid, 4 mg). The cumulative dose showed that patients with more than three
years of treatment had a higher risk of developing MRON], which was statistically significant
(P <0.001) (Table 5).

3.2. Bacterial role in osteonecrosis of the jaws

We selected 28 patients (16 men and 12 women) with a mean age of 71.96 years, all of whom
were treated in the Oncology Department of the Complejo Hospitalario Universitario
de Santiago de Compostela (CHUS). They were referred to the Unit of Oral Surgery and
Implantology of the Faculty of Medicine and Dentistry of Santiago de Compostela for a prior
dental examination and for the follow-up of possible complications after treatment.

All patients treated with both oral and intravenous bisphosphonates and those undergoing
head and neck radiotherapy within an 8-year period were included (2006-2014). The diag-
nostic criteria followed were those determined by the AAOMS [15] for patients treated with
bisphosphonates, while in the case of those undergoing radiotherapy, we included those who
had bone exposure for more than 8 weeks.

Samples of exudates from bone exposure were sent to the Department of Microbiology to
be processed under Gram staining and seeded in liquid medium (thioglycolate broth) and
in solids (agar-blood and agar-chocolate for the growth of aerobic bacteria, Sabouraud agar
for yeast growth and Schaedler agar for anaerobic growth). The seeded plates were incu-
bated for 48 h at 37°C in a CO, atmosphere and 72 h in anaerobic chambers. Identification of
microorganisms was done using the Vitek 2 system (Bio-Merieux, Marcy I'Etoile, France) and
Microscam (Siemens, Erlangen, Germany) in the case of aerobes; and API-ANA (Biomeriex)
in the case of anaerobes. Antimicrobial susceptibility testing was performed by the e-test
method (AB biodisk) and the Clinical Laboratory Standards Institute (CLSI) interpretation
criteria were followed.

Biopsies of bone sequestration were sent to the Pathological Anatomy Service where they were
fixed in 10% buffered formaldehyde and embedded in paraffin following standard processing.
For evaluation, they were stained with hematoxylin/eosin, PAS and methenamine silver to
visualize the colonies of Actinomyces. Their presence was evaluated semi-quantitatively and
divided into scarce, moderately abundant or very abundant. In addition, the presence of acute
inflammation (when polymorphonuclear neutrophil cells were observed), which was also
quantified in three degrees: mild, moderate and intense, and the presence of chronic inflam-
mation (indicated by the presence of lymphocytes and plasma cells).
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Characteristics Total patients with ONJ (%) Total patients without ONJ (%) P
Gender 0.063
Men 14 (7.2) 125 (64.4)
Women 11 (5.7) 44 (22.7)
Systemic Risk Factor 0.214
Cancer 12 (6.2) 95 (49)

Prostate 9 (4.6) 34 (17.5)

Breast 4(2) 11 (5.7)

Myeloma 0(0) 18 (9.3)

Lung 0(0) 2(1)

Bladder 0(0) 5(2.6)

Colon 0(0) 3(L5)

Kidney 18 (9.3) 176 (90.7)
Diabetes 168 (86.6) 26 (13.4) 0.048
Polymedicated. 94 (48.5) 100 (51.5) 0.139
HTA 42 (21.6) 152 (78.4) 0.704
Cortisone 65 (33.5) 129 (66.5) 0.234
QTP 11 (5.7) 54 (27.8) 0.462
Local Risk Factor
Extraction Before 8(4.1) 86 (44.3) 0.078
Extraction during 5(2.6) 1(0.5) <0.001
Extraction after 4(2) 7 (3.6) 0.017
Prosthesis 5(2.6) 33(17) 0.936
periodontal state 19 (9.8) 70 (36) 0.001
Toxic factors 0.998
Tobacco 2(1) 13 (6.7)
Alcohol 3(15) 19 (9.8)
Location
Unifocal mandible 13 (6.7) - <0.001
Unifocal maxilla 5(2.6) -
Multifocal mandible 3(1.5) -
Maxilla and mandible 4(2) -

Table 5. Risk factors in the occurrence of ONJ.
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The collected data were analyzed with the SPSS statistical system, version 20.0 for Windows.
The discontinuous quantitative or discreet variables were analyzed through descriptive sta-
tistics, expressing the results in mean, deviation and standard. The frequency tables and per-
centages were used for qualitative variables. For the study of the association of variables we
employed the chi-squared test, the T-Student test or the ANOVA factor test, depending on
the application conditions. Values in which P < 0.05 were considered statistically significant.

3.2.1. Clinical results

Of the 28 patients, 16 were men (57.1%) and 12 women (48.8%) with a mean age of 71.96 years
(SD 8.94). According to the risk factors analyzed, 8 patients (28.5%) were diabetic, 15 (53.6%)
were undergoing chemotherapy, 4 were smokers (14.3%), 14 was hypertensive (50%) and 9
(32.1%) were taking corticosteroids. The reason for treatment with bisphosphonates was oral
cancer (14.3%), breast cancer (25%), prostate cancer (39.2%), multiple myeloma (10.7%) and
osteoporosis (10.7%).

The most affected region of the mouth was the mandible (67.8%) followed by the upper jaw
(21.4%) or both (10.7%).

The degree of affectation was variable depending on the type of treatment. Patients on intra-
venous bisphosphonates had all stages of ONJ, whereas patients undergoing the oral treat-
ment had only stage II ON]J and patients treated with radiotherapy showed both stage II (5%)
and stage III (75%).

3.2.2. Histological results

A total of 24 of 28 patients underwent a histological study with a biopsy of a bone sequestra-
tion lesion. Of these, in 21 patients (87.5%) we proved the presence of Actinomyces within the
3 degrees of osteonecrosis of the jaws. The amount of Actinomyces present was quantified
semi-quantitatively by the pathologist. The pathogen count was very abundant in degrees I
and II, while in degree III the patients had lower amounts of Actinomyces (Figure 4).

The degree of acute and/or chronic inflammation was also evaluated. In 54.2% of the patients,
the presence of Actinomyces was not accompanied by any sign of inflammation; while in
the rest of the patients, it was observed that as age increased, the intensity of the inflamma-
tion also increased; therefore a lower mean age accounted for the absence of inflammation
(65.31; SD: 7.91) contrasting with abundant inflammation (81.00; SD: 2.83). Such differences
were statistically significant (F = 5.270, P = 0.005). There was acute inflammation in 37.5% of
the patients being quantified as mild inflammation (two patients), moderate (five patients)
and severe (two patients); the latter two were present in patients with grade II osteonecrosis,
exclusively. There were only two chronic inflammation cases, one patient with grade II and
another with grade III ON].

The relationship between the amount of Actinomyces present in the histological sections and
the degree of inflammation observed in bone sequestration was evaluated. Despite not hav-
ing statistically significant data, it was observed that the high amount of Actinomyces could
trigger either null or an abundant inflammatory response (Table 6).
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Figure 4. Histological image of bone sequestration. Histopathologic examination revealed different combinations of
Actinomyces and the inflammatory response. Some cases showed abundant colonies of Actinomyces, but lacked any
inflammatory infiltration (A); while in other examples this microorganism was identified along with a dense PMN
infiltrate (B). PMNs were also seen in some cases, in the absence of Actinomyces (C). Last of all, in some patients, the
only change consisted of fibrosis and the scarce inflammatory response was composed mainly of lymphocytes (D).

3.2.3. Microbiological results

Regarding the isolation of bacteria obtained through suppuration of the necrosed area, all the
bacteria described by the microbiologist were recorded, which were later classified accord-
ing to their aerobic or anaerobic metabolism. Aerobic bacteria were mostly found (85%) in
patients with grade I and II of ON]J, being statistically significant (P = 0.002). However, anaero-
bic bacteria were present in 56% of the patients in the three stages of ON]J. Although all the
cases of grade III presented anaerobic bacteria, this data were not statistically significant.

Inflammation
Actinomyces Null Mild Moderate Abundant Chronic
Null 0 0 1 0 0
Scarce 1 0 1 0 1
Moderate 8 1 1 0 1
Abundant 4 1 2 2 0

Table 6. Relationship of the amount of Actinomyces and the inflammatory response.
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There was practically no significance in the families of bacterial species specific to the differ-
ent degrees of osteonecrosis, except Streptococcus sp. which was very abundant in grade II of
ONJ. Only three bacteria showed statistically significant differences in relation to the ONJ
stages (Table 7, Figure 5).

Antibiograms were also performed for each of the species found, in order to guide the anti-
biotic pattern of these patients. We studied the six most common antibiotics, as well as the
specific ones for the pathology described in the literature, we observed a variable bacterial
behavior among the patients with osteonecrosis of the jaws.

Penicillin G did not show complete sensitivity in any patient against all the bacteria isolated
in the cultures, in addition, there was much variability among patients regarding the response
to this antibiotic (Figure 6).

The combination of amoxicillin and clavulanic acid showed good sensitivity in most patients
(82.6%) although this was not statistically significant (Figure 7).

Clindamycin was effective in 40% of patients and resistant in 14.5%, while 28% of the patients
showed variability in the response to this antibiotic. Azithromycin was effective in a few
patients (38%) and the response was highly variable, without showing complete sensitivity to
isolated bacteria (Figure 8).

Levofloxacin was effective in 42.8% of the patients, which showed good sensitivity in most
cases (88.8%). Last of all, gentamicin, another antibiotic which is less frequent in our daily
practice, showed good sensitivity although it was effective in few patients (38%).

Grade I Grade Il Grade III P value
Staphylococcus sp. 0 1 1 0.372
Capnocytophaga sp. 2 1 0 0.008
Morganella morganii 0 1 0 0.817
Enterobacter cloacae 0 1 2 0.037
Streptococcus sp. 3 12 1 0.112
Eikenella corrodens 0 3 1 0.664
Neisseria sp. 3 3 0 0.004
Proteus sp. 0 1 0 0.074
Actinomyces sp. 2 3 0 0.003
Veionella parvula 0 0 2 0.817
Peptostreptococcus sp. 0 3 0 0.515
Fusobacterium sp. 0 1 1 0.372
Prevotella sp. 0 4 1 0.648
Bacteroides sp. 0 2 0 0.655

Table 7. Relationship between the isolated type of bacteria and the degree of ONJ.
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Abstract

Osteonecrosis of the jaw (ON]) is a common side effect of antiresorptive drugs that are
administered to cancer patients for bone metastasis, multiple myeloma, and osteoporo-
sis. Since both bisphosphonate (BP) and denosumab show anti-bone resorption effects
with ONJ, antiresorptive agent-related ONJ (ARON]J) has been suggested as a com-
prehensive term encompassing both BP-related osteonecrosis of the jaw (BRONJ) and
denosumab-related osteonecrosis of the jaw (DRONY]). The term medication-related osteo-
necrosis of the jaw (MRON]) is proposed as ARON]J with the antiangiogenic inhibitors or
molecularly targeted drugs-related ONJ. Suppression of bone remodeling may contribute
to the development of osteonecrosis and results in inadequate osteoclast activity to allow
healing of the extraction socket. Infection is a major factor in the development of MRONJ.
The major treatment goals for patients at risk of developing or who have MRON] are pri-
oritization and support of continued oncologic treatment in patients receiving antiresorp-
tive and antiangiogenic therapy. To minimize the development of MRON] in patients at
risk, regular dental examinations are encouraged. Oral hygiene should be improved and
local infection is managed as early as possible. The use of antibiotics before and after oral
surgical procedures has been demonstrated to lower the risk of MRON].

Keywords: medication-related osteonecrosis of the jaw (MRON]), bisphosphonate (BP),
receptor activator nuclear factor kB ligand (RANKL) inhibitor, BP-related osteonecrosis
of the jaw (BRONJ), denosumab-related osteonecrosis of the jaw (DRON]), antiresorptive
agent, antiresorptive agent-related osteonecrosis of the jaw (ARON]), angiogenesis inhibitors

1. Introduction

Osteonecrosis of the jaw is a common side effect of antiresorptive drugs that are administered
to cancer patients for bone metastasis, multiple myeloma, and osteoporosis. Antiresorptive
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medications contain bisphosphonates and the receptor activator nuclear factor kB ligand
(RANKL) inhibitor [1].

On the other hand, denosumab, a human IGG2 monoclonal antibody against RANKL, is a
therapeutic agent for bone metastasis and osteoporosis, with a half-life of approximately
1 month. Unlike bisphosphonates (BPs), which promotes apoptosis in osteoclasts, denosumab
inhibits osteoclastic bone resorption without causing apoptosis. Furthermore, denosumab is
not deposited in the bone and thus does not persist for long periods of time, as is the case
with BPs, and so the effects of denosumab are reversible [2]. However, patients treated with
denosumab also developed ON]J (denosumab-related ONJ [DRON]]), which was clinically
indistinguishable from BRON]J and occurred at almost the same rates [3].

Since both BP and denosumab which show anti-bone resorption effects through different
molecular mechanisms of action are associated with ONJ, antiresorptive agent-related ONJ
(ARON]J) has been suggested as a comprehensive term encompassing both BRONJ and
DRON]J [4]. The American Association of Oral and Maxillofacial Surgeons (AAOMS) has
proposed the term “medication-related osteonecrosis of the jaw” (MRON]), based on obser-
vations that antiangiogenic inhibitors and molecularly targeted drugs such as tyrosine kinase
inhibitors are also infrequently associated with ON]J or increase the incidence of BRONJ/
DRON]J in cancer patients receiving BPs or denosumab, although global consensus has not
yet been established [5].

The number of patients with MRON] has grown recently. Medication-related osteonecrosis of
the jaw (MRON]) is defined as exposed bone in the oral cavity or extra-oral fistula in the max-
illofacial region for more than 8 weekswith the treatment of antiresorptive or antiangiogenic
agents for more than 8 weeks. These patients have no history of radiotherapy or metastatic
disease in the jaw. We present about the details, pathophysiology, diagnosis, staging and
treatment, risk factor, and prevention of MRON] in below paragraphs in this chapter.

2. Antiresorptive and antiangiogenic medications

2.1. Bisphosphonates (BPs)

Intravenous BPs are antiresorptive agents and administered for cancer—related conditions;
hypercalcemia of malignancy, skeletal-related events (SREs) associated with bone metastases in
the context of solid tumors (for example breast, prostate and lung cancers), and lytic lesions of
multiple myeloma. These medications have a significant positive effect for the quality of life of
patients with bone metastatic cancer [5]. Oral BPs are approved for the treatment of osteoporosis
and osteopenia. They have been used in less common conditions, such as paget disease of bone
and osteogenesis imperfection. The most common use is for osteopenia and osteoporosis [6].

2.2. RANKL inhibitor (denosumab)

The receptor activator of RANKL inhibitor (denosumab) inhibits osteoclast function and
bone resorption. There is a decrease in the risk of vertebral, nonvertebral, and hip fractures
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in osteoporotic patients for administrating denosumab subcutaneously every 6 months.
Moreover, monthly administration of denosumab is effective for decreasing SREs-related
metastatic bone disease from solid tumors [7, 8]. In contrast to BPs, denosumab do not bind to
bone and their effects of bone remodeling continue within 6 months [5].

2.3. Antiangiogenic medications

Angiogenesis inhibitors interfere with the formation of new blood vessels by connect-
ing to many signaling molecules and disrupting the angiogenesis-signaling cascade. These
medications are administered for gastrointestinal tumors, renal cell carcinoma, neuroendocrine
tumors, and other malignancies [5].

3. Pathophysiology

The pathophysiology of MRON]J is well unknown and considered to be multifactorial.
Suppressed bone remodeling may contribute to the development of osteonecrosis, and in
inadequate osteoclast activity disturbed cure the extraction socket. Infection is a major factor
for the development of MRON]. Bacteria stimulate bone resorption and contribute to bone
necrosis [9].

3.1. Incidence of MRON]

The reported incidence of MRON]J varies by study, and there are no reliable epidemiologi-
cal data derived from evidenced-based medicine. This chapter follows the data cited by the
International Task Force on ONJ [10].

3.1.1. Patients with osteoporosis

1. BRONJ

The incidence is 1.04-69/100,000 patients per year treated with orally administered BPs
and 0-90/100,000 patients per year treated with intravenous administration. The in-
cidence of ON]J in patients with osteoporosis treated with oral/intravenous nitrogen-
containing BPs ranges from 0.001 to 0.01%, which is estimated to be almost the same or
slightly higher than the incidence (0.01%) of ON]J in the general population [10].

2. DRON]
The incidence is 0-30.2/100,000 patients per year [10].

3.1.2. Cancer patients

The incidence of ONJ in cancer patients is higher than that in patients with osteoporosis.
Prospective studies on the incidence of ONJ were conducted in cancer patients treated with
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zoledronic acid or denosumab. Among 5723 patients with breast, prostate, and other solid
cancer and multiple myeloma, there were 89 ONJ cases in total, 52 in the denosumab, and
37 in the zoledronic acid-treated. The incidence in the denosumab-treated was 1.8% and 1.3%
in the zoledronic acid [3, 11].

3.2. Uniqueness of the jaw bone [12]

There are several unique anatomical and microbiological characteristics of the jaw bone,
which could be responsible for the specific occurrence of MRON]J. These characteristics are
not found in bones or in other parts of the body.

The teeth erupt from the jawbone, breaking the oral epithelium, allowing infectious factors,
agents, and microbes in the oral cavity to directly invade the jaw bone through the gap
between the epithelium and the teeth or via root canal.

1. The oral mucosa covering the jawbone is thin, and infection caused by mucosal injury
spreads to the jawbone beneath the mucosa.

2. More than 800 types of resident bacteria (10" to 10> cm™) inhabit dental plaque and can
serve as a source of infection in the oral cavity.

3. Inflammation due to tooth decay, pulpitis, periapical lesions, or periodontal disease
extends to the jawbone.

4. The jawbone is exposed to the oral cavity following invasive dental treatments including
tooth extraction, leading to infection.

3.3. Suppression of bone turnover

BPs and denosumab inhibit osteoclast differentiation and function, increased apoptosis, and
decreased bone resorption and remodeling [2, 13, 14]. Osteoclast differentiation and function
act as an effective role for bone remodeling for skeletal sites, but MRONJ occurs only pri-
marily within the alveolar bone of jaw [15]. An increased remodeling rate in the jaw may be
considered for the differential predisposition of MRON] to occur in the jaws compared with
other bones in the axial or appendicular skeleton [5].

The relation between excessive suppression of C-terminal telopeptides of type I collagen
(CTX), a bone resorption marker, and MRON] incidence has been reported in several studies.
However, a correlation between CTX level and severity of MRON] has not been observed.
There is still much controversy on whether a relationship exists between CTX levels and
MRON] incidence [16-18].

3.4. Infection/inflammation

The risk factors have been implicated dental disease or bacterial infection in MRON]J. Although
dental extraction was performed in most reported cases of MRON], these teeth commonly
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contracted with periodontal or periapical diseases. Inflammation or infection has long been
considered an important component of MRON] [19, 20].

3.5. Angiogenesis inhibition

Angiogenesis is a process that involves growth, migration, and differentiation of endothelial
cells to form new blood vessels. Angiogenesis favorably influences tumor growth and
influences tumor invasion of vessels, resulting in tumor metastasis. Osteonecrosis is
classically considered as an interruption in vascular supply or avascular necrosis; therefore,
it is not surprising that inhibition of angiogenesis is a leading hypothesis in MRON]
pathophysiology [21, 22].

3.6. Soft tissue toxicity

Although BPs primarily targets the osteoclast and bind to hydroxyapatite in bone, soft tissue
toxicity has been reported. In contrast to BPs, no soft tissue toxicity has been reported with
denosumab [23].

4. Diagnosis of MRONJ [5, 12]

MRON] is definitively diagnosed when the following three conditions are met:
1. Patients have a history of treatment with BP, denosumab, and antiangiogenic agents.

2. Patients have no history of radiation therapy to the jaw. Bone lesions of MRON] must be
differentiated from cancer metastasis to the jawbone by histological examination.

3. Exposure of alveolar bone in the oral cavity, jaw, and/or face is continuously observed for
longer than 8 weeks after first detection by a medical or dental expert, or the bone is palpa-
ble in the intra- or extra-oral fistula for longer than 8 weeks.

5. Staging of MRON]

The clinical manifestations and staging of MRON] are summarized in Table 1. Paresthesia of
the chin, including the lower lip (Vincent’s symptom), in patients treated with BP is an early
sign of MRONJ, before alveolar bone exposure is detected [5, 12].

1. Atrisk

There is no apparent necrotic bone in asymptomatic patients who have been treated
with intravenous or oral antiresorptive or antiangiogenic therapy.



92  Osteonecrosis

Staging of MRON] Treatment strategies

At risk No apparent necrotic bone in patients who have been treated No treatment indicated and patient
with oral or intravenous bisphosphonates education

Stage 0 No clinical evidence of necrotic bone but nonspecific clinical Systemic management, including use
findings, radiographic changes, and symptoms of pain medication and antibiotics

Stage 1 Exposed and necrotic bone or fistula that probes to bone in Antibiotic mouth rinse, clinical

patients who are asymptomatic and have no evidence of infection follow-up on a quarterly basis,
patient education, and review
of indications for continued
bisphosphonate therapy

Stage 2 Exposed and necrotic bone or fistula that probes to bone Symptomatic treatment with oral

associated with infection as evidenced by pain and erythema in antibiotics, oral bacterial mouth

the region of exposed bone with or without purulent drainage rinse, pain control, debridement
to relieve soft tissue irritation, and
infection control

Stage 3 Exposed and necrotic bone or a fistula that probes to bone in Antibacterial mouth rinse,

patients with pain, infection, and >1 of the following: exposed antibiotic therapy and pain control,
and necrotic bone extending beyond the region of alveolar bone  surgical debridement or resection
(i.e., inferior border and ramus in mandible, maxillary sinus, and  for longer-term palliation of
zygoma in maxilla) resulting in pathologic fracture, extra-oral infection and pain

fistula, oral antral or oral nasal communication, or osteolysis

extending to inferior border of the mandible or sinus floor

Table 1. Staging and treatment strategies.

2.

Stage 0 (unexposed bone variant)

These patients have no clinical evidence of necrotic bone, but nonspecific clinical find-
ings, radiographic changes, and symptom:s.

Stage 1

Stage 1 is defined as asymptomatic exposed and necrotic bone or a fistula that probes to
bone. These patients have no evidence of infection and may present with radiographic
findings localized to the alveolar bone region.

Stage 2 (Figures 1-4)

Stage 2 is defined as exposed and necrotic bone or a fistula that probes to bone with
evidence of infection. These patients are typically symptomatic. These patients also
may present with radiographic findings which are localized to the alveolar bone region.

Stage 3 (Figures 5-11)
Stage 3 is defined as exposed and necrotic bone or fistula that probes to bone with evi-
dence of infection and at least one of the following:

(i) Exposed necrotic bone extending beyond the region of alveolar bone to the inferior
border and ramus in the mandible, maxillary sinus, and zygoma in the maxilla.

(i) Pathologic fracture.
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(iii) Extra-oral fistula.
(iv) Oral antral or oral nasal communication.

(v) Osteolysis extending to the inferior border of the mandible or sinus floor.

Figure 1. MRON]J (Stage 2). Intraoral examination. The necrotic bone with evidence of infection is exposed. The
permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.

Figure 2. Panoramic X-ray. The permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.
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Figure 3. The segmental resection of the mandible is performed under general anesthesia. There is partial bone defect.
The permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.

Figure 4. The resected specimen of the mandible. The permission to use the picture of this figure from the Ishiyaku
Publisher, Inc. in Japan.
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Figure 5. MRONJ (Stage 3). Intraoral examination. The necrotic bone with evidence of infection is exposed. The molar
teeth are lost naturally. The permission to use the pictures of this figure from the Ishiyaku Publisher, Inc. in Japan.

—

Figure 6. Necrotic bone extending beyond the region of alveolar bone is exposed, and extra-oral fistula is appeared. The
permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.

Figure 7. The panoramic X-ray. Regions of osteosclerosis involving the alveolar bone of lost molar teeth are depicted.
The permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.
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Figure 8. MRON] (Stage 3). Sequester is extended to maxillary sinus. Oral antral communication is made. The permission
to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.

Figure 9. The sequester and six teethes are removed under local anesthesia. The oral antral communication is made at
the anterior part of defect. The permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.



Medication-Related Osteonecrosis of the Jaw
http://dx.doi.org/10.5772/67980

Figure 10. The necrotic bone and infiltrating inflammatory cells. The stimulating micrograms are observed (HE staining:
100x). The permission to use the picture of this figure from the Ishiyaku Publisher, Inc. in Japan.

Figure 11. Actinomycetes stained with Grocott in the granulation tissue (Grocott staining). The permission to use the
picture of this figure from the Ishiyaku Publisher, Inc. in Japan.
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6. Treatment strategies for MRON]

6.1. Treatment goals

The treatment goals for patients at risk of developing or who have MRON] are prioritization
and support of continued cancer treatment in patients receiving intra venous antiresorptive
and antiangiogenic therapy [5, 12]. Cancer patients can benefit greatly from the therapeutic
effect from antiresorptive agents by controlling SREs.

Maintenance of patient quality of life (QOL) is done by relieving symptoms, including pain,
pus discharge, and paresthesia, and by control of infection. Moreover, patient education and
routine follow-up for oral health care are needed by dental expert.

6.2. Stage-specific treatment strategies

Therapeutic strategies based on MRON] stages are summarized in Table 1 [5].

Treatment of MRON] varies with the stages of the disease. However, regardless of the stage,
the protocol must include treating dental and periodontal diseases, maintaining and improv-
ing oral health with antibacterial mouthwash, and systemically administering antibacterial
agents. To ensure success with surgical treatment, the complete elimination of MRON] lesions
and closure of surgical wounds is critical, along with systemic administration of antibacterial
agents. For patients with a history of malignant tumors, histopathological examination of all
necrotic bones removed will be needed to exclude the possibility that excised MRON] lesions
are tumor metastases to the jaw [12].

1. Atrisk

These patients have no exposed bone and requirement of any treatment. They should
be informed of the risks of developing to MRON].

2. Stage 0

These patients receive the treatment of symptomatic disease and conservative manage-
ment of caries and periodontal disease. Systemic management, including use of pain
medication and antibiotics are indicated. These patients should be prevented of pro-
gression to a higher stage.

3. Stage 1

These patients are indicated with medical management of the use for oral antimicrobial
rinses, such as chlorhexidine 0.12%. No immediate surgery is required.

4. Stage?2

These patients are indicated with oral antimicrobial rinses in combination with admin-
istrating antibiotic therapy. The debridement to relieve soft tissue irritation and infec-
tion control is needed.
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5. Stage 3

These patients are benefit from debridement, including resection, in combination with
antibiotic therapy. Symptomatic patients with stage 3 may require resection and imme-
diate reconstruction with reconstruction plate or an obturator.

Regardless of the disease stage, mobile bony sequestra should be removed to facilitate soft tis-
sue healing. The extraction of symptomatic teeth within exposed necrotic bone should be con-
sidered because it is unlikely that the extraction will exacerbate the established necrotic process.

6.3. Treatment with parathyroid hormone (teriparatide)

Systemic administration of low doses of recombinant parathyroid hormone (teriparatide) has
been shown to resolve ONJ symptoms and promote a cure. Japanese studies have also shown
improved bone regeneration and healing in ONJ lesions with the use of teriparatide [24, 25].
It should also be noted that administration of teriparatide is contraindicated in patients with
metastatic bone tumors, and its total dose and period of administration are restricted as well.

7. Risk factors for MRON]

Proposed risk factors for MRONJ] are listed in Table 2 [12]. Among these factors, invasive
dental treatments, such as tooth extraction, dental implant, or apical/periodontal surgery, are
definitive local risk factors for MRON].

7.1. Dental implants and MRON]J [12]

Recent reports suggested that dental implant procedures performed in patients with cancer or
osteoporosis prior to treatment with BPs are not likely associated with subsequent occurrence
of MRON], if oral health is appropriately managed. However, dental implant performed
during or after BP treatment is a potential risk factor for MRON] [26, 27].

Itis unknown whether dental implant is a risk factor in patients receiving denosumab. Implants
are not advised for cancer patients who are receiving antiresorptive treatment, and alternative
dental measures are recommended. On the other hand, in patients with osteoporosis, den-
tal implant may be performed in cases in which physicians and dentists agree that dental
implants are essential for improving the systemic and oral health of patients [12].

7.2. Coadministered agents and MRON]

Antiangiogenic agents and tyrosine kinase inhibitors, which are essentially administered as
adjuvants in the treatment of cancer patients, have been shown to cause MRON], albeit very
rarely, when used alone, or to increase the incidence of MRON]J when used concomitantly
with BP or denosumab [28].
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1. Local
Invasive dental treatments including bone (e.g., tooth extraction, dental implants, apical/periodontal surgery)
11l-fitting dentures and excessive bite force

Poor sanitation in the oral cavity, periodontal disease, and gingival abscess inflammatory disease, including apical
periodontitis

Common site: mandible > maxilla, mandibular torus, palatal torus, and mylohyoid line torus
Root canal and orthodontic treatments are not considered to be risk factors

2. Antiresorptive agents

Nitrogen-containing bisphosphonates (BPs) > nonnitrogen-containing BPs

Denosumab

Drugs for malignant tumor > drug for osteoporosis

Drug for malignant tumor (Zometa, Aredia, Teiroc, Ranmark)

Drug for osteoporosis (Didronel, Fosamac, Bonalon, Actonel, Benet, Bonoteo, Recalbon, Bonbiba and Pralia)
Dose and administration period

3. Systemic

Cancer (breast, prostate, lung, renal and colon cancer, multiple myeloma, and other cancers)

Diabetes, rheumatoid arthritis, hypocalcemia, hypoparathyroidism, osteomalacia, vitamin D deficiency, renal
dialysis, anemia, and Paget's disease of bone

4. Congenital

Single-nucleotide polymorphisms (SNPs) in MMP-2 and cytochrome P450-2C genes
5. Lifestyle

Smoking, drinking alcohol, and obesity

6. Coadministered agents

Anticancer agents, corticosteroid, and erythropoietin

Angiogenic inhibitors (e.g., thalidomide, sunitinib, and lenalidomide)

Tyrosine kinase inhibitors

Table 2. Risk factors for MRON].

8. Prevention of MRON]

To minimize the development of ON]J in patients at risk, regular dental examinations are
encouraged. Oral hygiene should be improved and local infection is managed as early as
possible. The use of antibiotics before and after oral surgical procedures has been demon-
strated to lower the risk of ON]J [29, 30]. Antimicrobial mouth rinses may also be useful in
lowering the risk of ONJ [30, 31].

All necessary oral surgeries in oncology patients should ideally be completed before the initiation
of high-dose antiresorptive therapy. For oncology patient requiring high-dose intravenous BPs
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or high-dose denosumab, dental radiographs should be completed before medication begins.
Any invasive dental procedure including dental extractions or implants should ideally be com-
pleted before the initiation of antiresorptive therapy. Nonurgent procedures should be delayed
if necessary. If ON]J develops, it is recommended that the antiresorptive drug therapy should be
withheld until soft tissue closure with a well-epithelialized mucosa is achieved [32].

There is currently no evidence that interruption of drug therapy in patients requiring
dental procedures reduces the risk of ONJ or the progression of the disease [29]. (BPs)
that have long-term skeletal retention and cessation for weeks or months may not impact
remodeling significantly. However, BPs do have increased skeletal uptake at the sites of
local bone injury, and withholding BP therapy following oral surgery may be of use in
reducing the local deposition in the mandible and maxilla after oral surgery. In individu-
als with significant risk factors for ONJ, including oncology patients on high-dose antire-
sorptive therapy as well as those individuals with multiple risk factors for ONJ, it may be
of benefit to withhold BP or denosumab therapy following oral surgery until soft tissue
healing occurs [32].

In determining the suitability if drug interruption, it is necessary to weigh the risks of ON]J
with the risk of skeletal-related events in oncology patients and the risk of fracture in those
with osteoporosis. The decision to hold therapy should be jointly made between the oral
surgeon and the physician treating the underlying osteoporosis. Patients with osteoporosis
receiving BP or denosumab may continue with therapy if a dental procedure including
extraction and implant surgery is required [4]. The decision to continue or hold antiresorp-
tive therapy should be made by the dental health provider in consultation with the patient’s
physician [32].

8.1. Dental treatments and discontinuation of antiresorptive therapy
8.1.1. Dental treatments in patients who are to receive antiresorptive therapy

Before initiation of antiresorptive therapy, it is wise to request that patients visit a dentist for
control of oral health to prevent the occurrence of ON]. Ideally, all dental treatments should
be completed 2 weeks before starting antiresorptive treatment. However, in the event that
antiresorptive treatment cannot be delayed due to progression of bone metastases or high risk
of fracture, administration of antiresorptive agents in parallel with dental treatments may be
acceptable. During antiresorptive treatment, patients should be instructed by physicians to
adhere to routine dental visits for oral examination [12].

8.1.2. Dental treatments in patients receiving antiresorptive agents
1. Discontinuation of BPs before starting dental treatment

There is a considerable controversy around the question of whether discontinuation
(drug holiday) of BPs for a certain period of time before invasive dental treatment
is effective in preventing or reducing occurrence of BRONJ. A BP drug holiday be-
fore starting invasive dental treatment is not logically supported from background
information [12]. The American Association of Oral and Maxillofacial (AAOMS) and
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other groups have described an increased incidence of BRON]J who were treated with
BPs for longer than 4 years. From these results, AAOMS recommended that, for patients
receiving antiresorptive therapy for longer than 4 years and who have low fracture
risk but potentially high risk for BRON], discontinuation of antiresorptive treatment
for approximately 2 months before invasive dental treatment should be considered, in
consultation with the physician [5]. Thus, no consensus has yet been reached regarding
whether a BP drug holiday before invasive dental treatment is appropriate and neces-
sary for prevention of BRON]J [12].

2. Suggested dental treatment in patients with cancer and osteoporosis who are receiving BPs

Dental experts will need to educate patients on the importance of daily oral sanitation,
including how to clean the oral cavity after each meal and rinse their mouths with anti-
bacterial mouthwash. Subsequently, dentists begin conservative dental treatment with-
out discontinuation of BPs. In the case that invasive dental treatment such as removal of
the teeth responsible for BRON] is inevitable, however, antibacterial agents will be ad-
ministered to the patients in advance, and invasive dental treatments should be restricted
to the minimum extent and area possible to avoid discontinuation of BP treatment [12].

3. Suggested dental treatment in patients with cancer and osteoporosis who are receiving
denosumab

For cancer patients with bone metastases, studies have found that the benefits of denosumab
are highly superior to those of zoledronic acid [11]. The incidence of DRON]J and BRON]J,
however, was found to be similar in patients with cancer [3]. Similar to case of patients treated
with BPs, dentists perform conservative dental treatment without drug holiday. Invasive den-
tal treatments, if inevitable, can be conducted without a drug holiday following appropriate
infection control. Given that denosumab is administered to osteoporotic patients once every 6
months and the half-life of denosumab is approximately 1 month, there is an ample window
of time within the 6-month interval to plan for dental treatments [12].

4. Discontinuation of antiresorptive therapy after invasive dental treatment

Antiresorptive agents may interfere with the healing of surgical wounds, especially
epithelialization [33]. The decision to continue or discontinue antiresorptive treatment
must be made jointly by the physician and dentist based on fracture risk, and the status
of healing of surgical wounds in the oral cavity.

5. Timing of resumption of antiresorptive therapy

The time at which to resume antiresorptive administration after a drug holiday is dependent
on the balance between the healing of surgical wounds and control of the primary disease.
If fracture risk or bone metastasis is well-controlled, resumption of antiresorptive treatment
is recommended approximately 2 months after invasive dental procedure, when the dam-
aged alveolar bones are expected to have healed. However, if fracture risk is high or bone
metastasis progresses during the drug holiday and resumption of antiresorptive therapy is
urgent, it may resume antiresorptive drug with no sign of infection around surgical wounds
and epithelialization of the surgical site at 2 weeks after invasive dental treatment, when
epithelialization of the surgical site is almost complete, may be the earliest possibility [12].
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9. Case report of the patient of brain abscesses caused by MRON]J [34]

Reports of brain abscesses caused by MRON] are very rare. The case of a 76-year-old man
with terminal-stage prostatic carcinoma and a brain abscess caused by MRON] at the maxilla
with conscious loss is presented here. The zoledronic acid and denosumab were administered
for bone metastasis. In the case of maxillary, MRON] spreads beyond the maxillary sinus
into the ethmoid sinus and into the brain. For the brain abscess, an antibiotic regimen based
on ceftriaxone and metronidazole and a sequestrectomy contributed to a successful outcome
(Figures 12-15).

Figure 12. Intra-oral examination. The 17 was lost naturally 2 months from the first visit and sequester was revealed. The
sequester expanded in 8 months from socket.

Figure 13. Preoperative CT. Abscess formation is revealed in right maxillary sinus.
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Figure 14. CT after conscious lost in ER. The absorption image in right frontal lobe is revealed.

Figure 15. MRI (T2WI) after conscious lost in ER. Right frontal lobe abscess is depicted.
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10. Conclusion

Medication-related osteonecrosis of the jaw (MRON]) is a common side effect of antiresorptive
drugs, which are administered to cancer patients for bone metastasis, multiple myeloma, and
osteoporosis. All necessary oral surgeries in oncology patients should ideally be completed
before the initiation of high-dose antiresorptive therapy, and to minimize the development of
ONJ in patients at risk, regular dental examinations are encouraged. Oral hygiene should be
improved and local infection should be managed as early as possible.
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