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TOR has borne the name of Dr. Kelley with pride for
decades, recognizing his foresight and scholarship in
creating the premier clinical and academic text in
the discipline. With the passage of time, just as
rheumatology has advanced, so too TOR has evolved.
This has occurred driven particularly by the vision and
energy of Dr. Firestein, our Editor-in-Chief. The
co-editors consider it timely to acknowledge
Dr. Firestein’s remarkable contribution by renaming the
textbook for this, its tenth edition.
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Whither textbooks: Learning in the internet era

The tenth edition of the Textbook of Rheumatology
(TORI10) returns with the entire editorial team from the
previous edition and a contributing group of truly outstand-
ing experts in the field. Once again, we believe that this
represents an authoritative—actually, the authoritative—
resource for rheumatology trainees, clinicians, and
researchers.

One key question that we are asked and actually ask
ourselves is, “Why produce a textbook when you can log
onto the internet and download a review article or original
research in an instant?” Traditionalists may relish the shiny
pages of a beautiful book, but this seems antiquated in the
e-book era. However, we contend that a tome like TOR10
provides an entirely different experience for the reader. It is
“moderated” by the editors; authors are carefully vetted,
and their chapters are reviewed by multiple experts. The
organization of TORI10 is also quite distinct. We do not
divide a disease or topic into multiple short chapters written
by several authors and covering narrow areas; instead, we
purposely keep chapters broad enough to provide an inte-
grated view of the literature. That does not mean that
TORI10 chapters are broad or superficial. On the contrary,
the level of scholarship is extraordinary, and the authors
demonstrate their total mastery of the topic. We have

Preface

continued the principle of the founding editors to provide
comprehensive references so that trainees appreciate the
original, classic papers in our field. The publication cycle of
textbooks is longer than the rapid fire of specific scientific
discoveries or the theory du jour. This offers the distinct
advantage of pause for thought. Paracelsus declared the
physician’s greatest friend to be time. TOR10 delivers a
considered appraisal over time of the evolving general con-
cepts of theumatology.

Even so, textbooks might seem anachronistic at this
point. Not so for TOR10! We have migrated more and more
to online or e-versions. While textbook paper copy distribu-
tion drifts downward, online access as measured by “clicks”
has soared. These observations confirm our basic premise
that our specialty still demands the content and care that
goes into creating a unique resource like TOR10.

In the coming years, our book will continue to adapt to
a changing learning environment. One thing that will not
change, however, is the editors’ devotion to bringing readers
an authoritative, well-written, and readable resource that
can be trusted as the “gold standard” for our specialty to
help them understand the science and practice of rheuma-
tology. See you in a few years with TOR11!

The Editors

XXV



STRUCTURE AND FUNCTION OF BONE,
JOINTS, AND CONNECTIVE TISSUE [ZUil

CHAPTER 1

Biology of the Normal Joint

Steven R. Goldring + Mary B. Goldring

KEY POINTS

Condensation of mesenchymal cells, which differentiate into
chondrocytes, results in formation of the cartilage anlagen,
which provides the template for the developing skeleton.

During development of the synovial joint, growth
differentiation factor-5 regulates interzone formation, and
interference with movement of the embryo during
development impairs joint cavitation.

Members of the bone morphogenetic protein/transforming
growth factor-B, fibroblast growth factor, and Wnt families
and the parathyroid hormone-related peptide/Indian
hedgehog axis are essential for joint development and
growth plate formation.

The synovial lining of diarthrodial joints is a thin layer of cells
lacking a basement membrane and consisting of two
principal cell types—macrophages and fibroblasts.

The articular cartilage receives its nutritional requirements
via diffusion from the synovial fluid, and interaction of the
cartilage with components of the synovial fluid contributes
to the unique low-friction surface properties of the articular
cartilage.

CLASSIFICATION OF JOINTS

Human joints, which provide the structures by which bones
join with one another, may be classified according to the
histologic features of the union and the range of joint
motion. Three classes of joint design exist: (1) synovial or
diarthrodial joints (Figure 1-1), which articulate with free
movement, have a synovial membrane lining the joint
cavity, and contain synovial fluid; (2) amphiarthroses, in
which adjacent bones are separated by articular cartilage or
a fibrocartilage disk and are bound by firm ligaments, per-
mitting limited motion (e.g., the pubic symphysis, interver-
tebral disks of vertebral bodies, distal tibiofibular articulation,
and sacroiliac joint articulation with pelvic bones); and (3)
synarthroses, which are found only in the skull (suture lines)
where thin, fibrous tissue separates adjoining cranial plates
that interlock to prevent detectable motion before the end
of normal growth, yet permit growth in childhood and
adolescence.

Joints also can be classified according to the connective
tissues that are present. Symphyses have a fibrocartilaginous

disk separating bone ends that are joined by firm ligaments
(e.g., the symphysis pubis and intervertebral joints). In
synchondroses, the bone ends are covered with articular
cartilage, but no synovium or significant joint cavity are
present (e.g., the sternomanubrial joint). In syndesmoses,
the bones are joined directly by fibrous ligaments without a
cartilaginous interface (the distal tibiofibular articulation is
the only joint of this type outside the cranial vault). In
synostoses, bone bridges are formed between bones, produc-
ing ankylosis.

The synovial joints are classified further according to
their shapes, which include ball-and-socket (hip), hinge
(interphalangeal), saddle (first carpometacarpal), and plane
(patellofemoral) joints. These configurations reflect the
varying functions, with the shapes and sizes of the opposing
surfaces determining the direction and extent of motion.
The various designs permit flexion, extension, abduction,
adduction, or rotation. Certain joints can act in one (humer-
oulnar), two (wrist), or three (shoulder) axes of motion.

This chapter concentrates on the developmental biology
and relationship between structure and function of a “pro-
totypic,” “normal” human diarthrodial joint—the joint in
which arthritis is most likely to develop. Most research that
has been performed concerns the knee because of its acces-
sibility, but other joints are described when appropriate.

DEVELOPMENTAL BIOLOGY OF THE
DIARTHRODIAL JOINT

Skeletal development is initiated by the differentiation of
mesenchymal cells that arise from three sources: (1) neural
crest cells of the neural ectoderm that give rise to craniofa-
cial bones; (2) the sclerotome of the paraxial mesoderm, or
somite compartment, which forms the axial skeleton; and
(3) the somatopleure of the lateral plate mesoderm, which
yields the skeleton of the limbs.! The appendicular skeleton
develops in the human embryo from limb buds, which are
first visible at approximately 4 weeks of gestation. Structures
resembling adult joints are generated at approximately 4 to
7 weeks of gestation.” Many other crucial phases of muscu-
loskeletal development follow, including vascularization of
epiphyseal cartilage (8 to 12 weeks), appearance of villous
folds in synovium (10 to 12 weeks), evolution of bursae
(3 to 4 months), and the appearance of periarticular fat
pads (4 to 5 months).
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Figure 1-1 A normal human interphalangeal joint, in sagittal section,
as an example of a synovial, or diarthrodial, joint. The tidemark repre-
sents the calcified cartilage that bonds articular cartilage to the subchon-
dral bone plate. (From Sokoloff L, Bland JH: The musculoskeletal system.
Baltimore, Williams & Wilkins, 1975. Copyright 1975, the Williams & Wilkins
Co, Baltimore.)

The upper limbs develop approximately 24 hours earlier
than the analogous portions of the lower limbs. Proximal
structures, such as the glenohumeral joint, develop before
more distal ones, such as the wrist and hand. As a conse-
quence, insults to embryonic development during limb for-
mation affect a more distal portion of the upper limb than
of the lower limb. Long bones form as a result of replace-
ment of the cartilage template by endochondral ossification.
The stages of limb development are well described by
O’Rahilly and Gardner”’ and are shown in Figure 1-2. The
developmental sequence of the events occurring during
synovial joint formation and some of the regulatory factors
and extra-cellular matrix components involved are sum-
marized in Figure 1-3. The three main stages in joint
development are interzone formation, cavitation, and mor-
phogenesis, as described in detail in several reviews."’

INTERZONE FORMATION AND
JOINT CAVITATION

The structure of the developing synovial joint and the
process of joint cavitation have been described in many
classic studies performed on the limbs of mammalian and
avian embryos." In the human embryo, cartilage condensa-
tions, or chondrifications, can be detected at stage 17, when
the embryo is small—approximately 11.7 mm long.”’ In the
region of the future joint, after formation of the homoge-
neous chondrogenic interzone at 6 weeks (stages 18 and
19), a three-layered interzone is formed at approximately 7
weeks (stage 21), which consists of two chondrogenic,
perichondrium-like layers that cover the opposing surfaces

Mesenchyme perichondrium Synovial interzone
l Blalstema \Cartilage mes\enchyme/
I I \

I T T
Articular  Articular  Synovial \
capsule  cavity  tissue @ndfold

T
Cavities

Figure 1-2 The development of a synovial joint. A, Condensation.
Joints develop from the blastema, not the surrounding mesenchyme.
B, Chondrification and formation of the interzone. The interzone remains
avascular and highly cellular. C, Formation of synovial mesenchyme.
Synovial mesenchyme forms from the periphery of the interzone and is
invaded by blood vessels. D, Cavitation. Cavities are formed in the central
and peripheral interzone and merge to form the joint cavity. E, The
mature joint. (From O'Rahilly R, Gardner E: The embryology of movable
joints. In Sokoloff L, editor: The joints and synovial fluid, vol 1, New York,
Academic Press, 1978.)

of the cartilage anlagen and are separated by a narrow band
of densely packed cellular blastema that remains and forms
the interzone. Cavitation begins in the central interzone at
about 8 weeks (stage 23).

Although the cellular events associated with joint forma-
tion have been recognized for many years, only more
recently have the genes regulating these processes been
elucidated.””” These genes include growth differentiation
factor (GDF)-5 (also known as cartilage-derived morphoge-
netic protein-1) and Wnt14 (also known as Wnt9a), which
are involved in early joint development. Two major roles
have been proposed for Wntl14. First, it acts at the onset of
joint formation as a negative regulator of chondrogenesis.
Second, it facilitates interzone formation and cavitation by
inducing the expression of GDF-5, autotaxin, lysophospha-
tidic acid, the bone morphogenetic protein (BMP) antago-
nist, chordin, and the hyaluronan receptor, CD44.*"
Paradoxically, application of GDF-5 to developing joints in
mouse embryo limbs in organ culture causes joint fusion,'”
suggesting that temporospatial interactions among distinct
cell populations are important for the correct response. The
current view is that GDF-5 is required at the early stages of
condensations, where it stimulates recruitment and differ-
entiation of chondrogenic cells, and later, when its expres-
sion is restricted to the interzone.

The distribution of collagen types and proteoglycans in
developing avian and rodent joints has been characterized
histologically and by immunohistochemistry and in situ
hybridization.”"”'* Types I and III collagen characterize the
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Figure 1-3 Development of long bones and diathrodial joint formation from cartilage anlagen. BMP, Bone morphogenetic protein; C-C-1, Erg3
variant; CD44, cell determinant 44; Cux, cut-repeat homeobox protein; Erg, ETS-related gene 5; FGF, fibroblast growth factor; GDF, growth and dif-
ferentiation factor; Gli, glioma-associated oncogene homolog; Hox, homeobox; IGF, insulin-like growth factor; Ihh, Indian hedgehog; Lmx1b, LIM
homeodomain transcription factor 1b; PTHrP, parathyroid hormone-related protein; RA, retinoic acid; r-Frg, radical fringe; Runx, runt domain binding
protein; Shh, Sonic hedgehog; Sox, SRY-related high mobility group-box protein; TGF-B, transforming growth factor-3; Wnt, wingless type.

matrix produced by mesenchymal cells, which switch to the
production of types I, IX, and XI collagens that typify the
cartilaginous matrix at the time of condensation. The mes-
senger RNAs (mRNAs) encoding the small proteoglycans,
biglycan and decorin, may be expressed at this time, but the
proteins do not appear until after cavitation in the regions
destined to become articular cartilage. The interzone regions
are marked by the expression of genes encoding type 1A
collagen by chondrocyte progenitors in the perichondrial
layers, type IIB and XI collagens by differentiated chondro-
cytes in the cartilage anlagen, and type I collagen in the
interzone and in the developing capsule and perichondrium
(Figure 1-4).7

The interzone region contains cells in two outer layers,
where they are destined to differentiate into chondrocytes
and become incorporated into the epiphyses, and in a thin
intermediate zone where they are programmed to undergo
joint cavitation and may remain as articular chondrocytes.”
These early chondrocytes arise from the same population,
but unlike the other chondrocytes of the anlagen, they do
not activate matrilin-1 expression and are destined to form
the articular surface.'® Fluid and macromolecules accumu-
late in this space and create a nascent synovial cavity. Blood
vessels appear in the surrounding capsulosynovial blastemal
mesenchyme before separation of the adjacent articulating
surfaces. Although it was first assumed that these interzone
cells should undergo necrosis or programmed cell death
(apoptosis), many investigators have found no evidence of
DNA fragmentation preceding cavitation. In addition, no
evidence exists that metalloproteinases are involved in loss
of tissue strength in the region undergoing cavitation.
Instead, the actual joint cavity seems to be formed by mech-
anospatial changes induced by the synthesis of hyaluronan
via uridine diphosphoglucose dehydrogenase (UDPGD)
and hyaluronan synthase. Interaction of hyaluronan CD44
modulates cell migration, but the accumulation of hyaluro-
nan and the associated mechanical influences play the

major role in forcing the cells apart and inducing rupture of
the intervening extra-cellular matrix by tensile forces. This
mechanism accounts partially for observations that joint
cavitation is incomplete in the absence of movement.'”"”
Equivalent data from human embryonic joints are difficult
to obtain,” but in all large joints in humans, complete
joint cavities are apparent at the beginning of the fetal
period.

CARTILAGE FORMATION AND
ENDOCHONDRAL OSSIFICATION

The skeleton develops from the primitive, avascular, densely
packed cellular mesenchyme, termed the skeletal blastema.
Common precursor mesenchymal cells divide into chondro-
genic, myogenic, and osteogenic lineages that determine
the differentiation of cartilage centrally, muscle peripher-
ally, and bone. The surrounding tissues, particularly epi-
thelium, influence the differentiation of mesenchymal
progenitor cells to chondrocytes in the cartilage anlagen.
The cartilaginous nodules appear in the middle of the blas-
tema, and simultaneously cells at the periphery become
flattened and elongated to form the perichondrium. In the
vertebral column, cartilage disks arise from portions of the
somites surrounding the notochord, and nasal and auricular
cartilage and the embryonic epiphysis form from the peri-
chondrium. In the limb, the cartilage remains as a resting
zone that later becomes the articular cartilage, or it under-
goes terminal hypertrophic differentiation to become
calcified (growth plate formation) and is replaced by bone
(endochondral ossification). The latter process requires
extra-cellular matrix remodeling and vascularization (angio-
genesis). These events are controlled exquisitely by cellular
interactions with the surrounding matrix, growth and dif-
ferentiation factors, and other environmental factors that
initiate or suppress cellular signaling pathways and tran-
scription of specific genes in a temporospatial manner.
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Figure 1-4 In situ hybridization of a 13-day-old (stage 39)
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field image showing developing joint and capsule (C). B, Equivalent paraffin section of opposite limb of same animal, showing onset of cavitation later-
ally (arrow). C, Expression of type lIA collagen messenger RNA (mRNA) in articular surface cells, perichondrium, and capsule. D, Type IIB collagen mRNA
is expressed only in chondrocytes of the anlagen. E, Type XI collagen mRNA is expressed in the surface cells, perichondrium, and capsule, with lower
levels in chondrocytes. F, Type | collagen mRNA is present in cells of the interzone and capsule. C through F images are dark field. Calibration bar=1
um. (From Nalin AM, Greenlee TK Jr, Sandell LJ: Collagen gene expression during development of avian synovial joints: transient expression of types Il and XI

collagen genes in the joint capsule. Develop Dyn 203:352-362, 1995.)

Condensation and Limb-Bud Formation

Formation of the cartilage anlage occurs in four stages: (1)
cell migration, (2) aggregation regulated by mesenchymal-
epithelial cell interactions, (3) condensation, and (4) chon-
drocyte differentiation. Interactions with the epithelium
determine mesenchymal cell recruitment and migration,
proliferation, and condensation.”*! The aggregation of
chondroprogenitor mesenchymal cells into precartilage
condensations was first described by Fell”” and depends on
signals initiated by cell-cell and cell-matrix interactions,
the formation of gap junctions, and changes in the cytoskel-
etal architecture. Before condensation, the prechondrocytic
mesenchymal cells produce extra-cellular matrix that is rich
in hyaluronan and type I collagen and type IIA collagen,
which contains the exon-2-encoded aminopropeptide

found in noncartilage collagens. The initiation of condensa-
tion is associated with increased hyaluronidase activity and
the transient upregulation of versican, tenascin, syndecan,
the cell adhesion molecules, neural cadherin (N-cadherin)
and neural cell adhesion molecule (NCAM), which facili-
tate cell-cell interactions.”"*’

Before chondrocyte differentiation, the cell-matrix inter-
actions are facilitated by the binding of fibronectin to
syndecan, thus downregulating NCAM and setting the
condensation boundaries. Increased cell proliferation and
extra-cellular matrix remodeling, with the disappearance
of type I collagen, fibronectin, and N-cadherin and the
appearance of tenascins, matrilins, and thrombospondins,
including cartilage oligomeric matrix protein, initiate the
transition from chondroprogenitor cells to a fully commit-
ted chondrocyte."””*° N-cadherin and NCAM disappear in



differentiating chondrocytes and are detectable later only
in perichondrial cells. The differentiated chondrocytes then
proliferate and become prehypertrophic when they stop
proliferating and undergo the complex process of hypertro-
phic maturation. Whether the resting differentiated chon-
drocytes remain within cartilage elements in articular joints
or other progenitors are the source of the articular chondro-
cyte has not been clarified completely.

Much of the current understanding of limb development
is based on early studies in chickens and more recently in
mice. The regulatory events are controlled by interacting
patterning systems involving homeobox (Hox) transcrip-
tion factors and fibroblast growth factor (FGF), hedgehog,
transforming growth factor-B (TGF-B)/BMP, and Wnt path-
ways, each of which functions sequentially over time
(see Figure 1-3).'%* The HoxA and HoxD gene clusters,
which are crucial for the early events of limb patterning in
the undifferentiated mesenchyme, are required for the
expression of FGF-8 and Sonic hedgehog (Shh),” which
modulate the proliferation of cells within the condensa-
tions.”’ BMP-2, BMP-4, and BMP-7 coordinately regulate
the patterning of limb elements within the condensations
depending on the temporal and spatial expression of BMP
receptors and BMP antagonists, such as noggin and chordin,
as well as the availability of BMP- and TGF-B-induced
SMAD:s (signaling mammalian homologues of Drosophila
mothers against decapentaplegic).’’ BMP signaling is re-
quired for the formation of precartilaginous condensations
and for the differentiation of precursors into chondro-
cytes,’”” acting in part by opposing effects on FGF actions.”
Growth of the condensation ceases when noggin inhibits
BMP signaling and permits differentiation to chondrocytes.
The cartilage formed serves as a template for formation of
cartilage elements in the vertebra, sternum, and rib, and for
limb elongation or endochondral bone formation.

Molecular Signals in Cartilage Morphogenesis
and Growth Plate Development

The cartilage anlagen grow by cell division and deposition
of the extra-cellular matrix and by apposition of proliferat-
ing cells from the inner chondrogenic layer of the perichon-
drium. The nuclear transcription factor, Sox9, is one of the
earliest markers expressed in cells undergoing condensation
and is required for the subsequent stage of chondrogenesis
characterized by the deposition of matrix containing col-
lagens 11, IX, and XI and aggrecan in the cartilage anlagen.”
The expression of SOX proteins depends on BMP signaling
via BMPR1A and BMPR1B, which are functionally redun-
dant and active in chondrocyte condensations, but not in
the perichondrium.”” Sox5 and Sox6 are required for the
expression of Col9al, aggrecan, link protein, and Col2al
during chondrocyte differentiation.” The runt-domain
transcription factor, Runx2 (also known as core binding
factor, Cbfal), is expressed in all condensations, including
those that are destined to form bone.

Throughout chondrogenesis, the balance of signaling by
BMPs and FGFs determines the rate of proliferation and the
pace of the differentiation.”®**’" In the long bones, long
after condensation, BMP-2, BMP-3, BMP-4, BMP-5, and
BMP-7 are expressed primarily in the perichondrium, and
only BMP-7 is expressed in the proliferating chondrocytes.””
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BMP-6 is found later exclusively in hypertrophic chondro-
cytes along with BMP-2. More than 23 FGFs have been
identified thus far.”® The specific ligands that activate each
FGF receptor (FGFR) during chondrogenesis in vivo have
been difficult to identify because the signaling depends on
the temporal and spatial location of not only the ligands
but also the receptors.” FGFR2 is upregulated early in con-
densing mesenchyme and is present later in the periphery
of the condensation along with FGFR1, which is expressed
in surrounding loose mesenchyme. FGFR3 is associated
with proliferation of chondrocytes in the central core of the
mesenchymal condensation and overlaps with FGFR2. Pro-
liferation of chondrocytes in the embryonic and postnatal
growth plate is regulated by multiple mitogenic stimuli,
including FGFs, which converge on cyclin D1.%

Early studies indicated that FGFR3 could serve as a
master inhibitor of chondrocyte proliferation via Statl
and the cell cycle inhibitor p21. More recent work has
shown that FGFR3 activation downregulates AKT activity
to decrease proliferation® and MEK activation leads to
decreased chondrocyte differentiation.”” The physiologic
FGFR3 ligands are not known, but FGF-9 and FGF-18 are
good candidates because they bind FGFR3 in vitro and are
expressed in the adjacent perichondrium and periosteum,
forming a functional gradient.”®* FGF-18-deficient mice
have an expanded zone of proliferating chondrocytes similar
to that in FGFR3-deficient mice, and FGF-18 can inhibit
Indian hedgehog (Ihh) expression. As the growth plate
develops, FGFR3 disappears and FGFR1 is upregulated in
the prehypertrophic and hypertrophic zones, where FGF-18
and FGF-9 regulate vascular invasion by inducing vascular
endothelial growth factor (VEGF) and VEGFR1 and termi-
nal differentiation.’*%

The proliferation of chondrocytes in the lower prolifera-
tive and prehypertrophic zones is under the control of a
local negative feedback loop involving signaling by parathy-
roid hormone-related protein (PTHrP) and Ihh.* Ihh
expression is restricted to the prehypertrophic zone, and the
PTHrP receptor is expressed in the distal zone of periarticu-
lar chondrocytes. The adjacent, surrounding perichondrial
cells express the Hedgehog receptor patched (Ptch), which,
upon Thh binding, similar to Shh in the mesenchymal con-
densations, activates Smo and induces Gli transcription
factors, which can feedback regulate Ihh target genes in a
positive (Glil and Gli2) or negative (Gli3) manner.*"* Ihh
induces expression of PTHrP in the perichondrium, and
PTHrP signaling stimulates cell proliferation via its receptor
expressed in the periarticular chondrocytes.”*” More recent
evidence indicates that Thh also acts independently of
PTHrP on periarticular chondrocytes to stimulate differen-
tiation of columnar chondrocytes in the proliferative zone,
whereas PTHrP acts by preventing premature differen-
tiation into prehypertrophic and hypertrophic chondro-
cytes, suppressing premature expression of Ihh.”**! Thh and
PTHrP, by transiently inducing proliferation markers and
repressing differentiation markers, function in a temporo-
spatial manner to determine the number of cells that remain
in the chondrogenic lineage versus the number that enter
the endochondral ossification pathway.” Components of
the extra-cellular matrix also contribute to regulation of the
different stages of growth plate development, including
chondrogenesis and terminal differentiation, by interacting

-
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with signaling molecules and chondrocyte cell surface
receptors.”

Endochondral Ossification

The development of long bones from the cartilage anlagen
occurs by a process termed endochondral ossification, which
involves terminal differentiation of chondrocytes to the
hypertrophic phenotype, cartilage matrix calcification, vas-
cular invasion, and ossification (see Figure 1-3).%%° This
process is initiated when the cells in the central region of
the anlage begin to hypertrophy, increasing cellular fluid
volume by almost 20 times. Ihh plays a pivotal role in regu-
lating endochondral bone formation by synchronizing peri-
chondrial maturation with chondrocyte hypertrophy, which
is essential for initiating the process of vascular invasion.
Ihh is expressed in prehypertrophic chondrocytes as they
exit the proliferative phase and enter the hypertrophic
phase, at which time they begin to express the hypertrophic
chondrocyte marker, type X collagen and alkaline phos-
phatase. These cells are responsible for laying down the
cartilage matrix that subsequently undergoes mineraliza-
tion. Wnt/B-catenin signaling promotes chondrocyte matu-
ration by a BMP-2-mediated mechanism and induces
chondrocyte hypertrophy partly by enhancing matrix metal-
loproteinase (MMP) expression and potentially by enhanc-
ing Ihh signaling and vascularization.’

Runx2, which serves as a positive regulatory factor in
chondrocyte maturation to hypertrophy, is expressed in the
adjacent perichondrium and in prehypertrophic chondro-
cytes, but less in late hypertrophic chondrocytes, overlap-
ping with IThh, COL10A1, and BMP-6. IHH induces Gli
transcription factors, which interact with Runx2 and BMP-
induced Smads, to regulate transcription and expression of
COLI0AI.” An essential role for Runx2 in the process of
chondrocyte hypertrophy is supported by the observation
that the terminal differentiation is blocked in Runx2-
deficient mice. A member of the myocyte enhancer factor
(MEF) 2 family, MEF2C, stimulates hypertrophy partly by
increasing Runx2 expression.’® The class II histone deacety-
lase, HDAC4, prevents premature hypertrophy by directly
suppressing the activities of Runx2 and MEF2C.”" HDAC4
is in turn regulated by PTHrP and salt-inducible kinase 3
(SIK3).”%? Sox9,” FOXA2 and FoxA3,” Runx3,” Zfp521,%
and peroxisome proliferator-activated receptor y (PPARY™)
are also important transcriptional regulators of chondrocyte
hypertrophy. MMP-13, a downstream target of Runx2, is
expressed by terminal hypertrophic chondrocytes, and
MMP-13 deficiency results in significant interstitial colla-
gen accumulation, leading to the delay of endochondral
ossification in the growth plate with increased length of the
hypertrophic zone.**

Runx2 also is required for transcription activation of
COLI10AI, the gene encoding type X collagen, which is the
major matrix component of the hypertrophic zone in the
embryo and in the postnatal growth plate. Mutations in the
COLIOAI gene are associated with the dwarfism observed
in human chondrodysplasias. These mutations affect regions
of the growth plate that are under great mechanical stress,
and it has been suggested that the defect in skeletal growth
may be due partly to alteration of the mechanical integrity
of the pericellular matrix in the hypertrophic zone, although
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a role for defective vascularization also has been proposed.
The extra-cellular matrix remodeling that accompanies
chondrocyte terminal differentiation is thought to induce
an alteration in the environmental stress experienced by
hypertrophic chondrocytes, which eventually undergo
apoptosis.”” Whether chondrocyte hypertrophy with cell
death is the ultimate fate of hypertrophic chondrocytes or
whether hypertrophy is a transient process that precedes
osteogenesis has been a subject of debate. However, recent
genetic lineage tracing studies suggest that hypertrophic
chondrocytes can survive at the chondro-osseous junction
and become osteoblasts and osteocytes.**%

Cartilage is an avascular tissue, and because the develop-
ing growth plate is relatively hypoxic, hypoxia inducible
factor (HIF)-1a is important for survival as chondrocytes
transition to hypertrophy. Under normoxia, the cell content
of HIF-1a\, -20t, and -3at is low because of oxygen-dependent
hydroxylation by prolyl-hydroxylases, resulting in ubiqui-
tination and degradation by the proteasome. In contrast,
under hypoxia, prolyl-hydroxylase activity is reduced and
the o subunits heterodimerize with the constitutive
B-subunit members known as aryl hydrocarbon receptor
nuclear translocators (ARNTs). HIFs are transcription
factors that bind to hypoxia-responsive elements (HREs) in
responsive genes. HIF-2a regulates endochondral ossifica-
tion processes by directly targeting HREs within the pro-
moters of the COLI0AI, MMP13, and VEGFA genes.”

Vascular invasion of the hypertrophic zone is required
for the replacement of calcified cartilage by bone. VEGF
acts as an angiogenic factor to promote vascular invasion
by specifically activating local receptors, including Flk1,
which is expressed in endothelial cells in the perichon-
drium or surrounding soft tissues; neuropilin 1 (Npnl),
which is expressed in late hypertrophic chondrocytes; or
Npn2, which is expressed exclusively in the perichondrium.
VEGEF is expressed as three different isoforms: VEGF188,
a matrix-bound form, is essential for metaphyseal vascu-
larization, whereas the soluble form, VEGF120 (VEGFA),
regulates chondrocyte survival and epiphyseal cartilage an-
giogenesis, and VEGF164 can be either soluble or matrix
bound and may act directly on chondrocytes via Npn2.
VEGEF is released from the extra-cellular matrix by MMPs,
including MMP-9, membrane-type (MT)I-MMP (MMP-
14), and MMP-13. MMP-9 is expressed by endothelial cells
that migrate into the central region of the hypertrophic
cartilage.”! MMP-14, which has a broader range of ex-
pression than MMP-9, is essential for chondrocyte prolif-
eration and secondary ossification, whereas MMP-13 is
found exclusively in late hypertrophic chondrocytes. Per-
lecan (Hspg2), a heparan sulfate proteoglycan in cartilage
matrix, is required for vascularization in the growth plate
through its binding to the VEGFR of endothelial cells,
permitting osteoblast migration into the growth plate.”

A number of ADAM (a disintegrin and metalloprotein-
ase) proteinases are also emerging as important regulators
in growth plate development. For example, ADAMIO is a
principle regulator of Notch signaling, which modulates
endochondral ossification via RBPjk in chondrocytes” and
promotes osteoclastogenesis at the chondro-osseous junc-
tion by regulating endothelial cell organization in the devel-
oping bone vasculature.”* ADAM17 is the critical proteinase
mediating cellular shedding of TNF but also the epidermal



growth factor receptor (EGFR) ligands, including TGF-q.
The EGEFR signaling pathway induced by EGF and TGF-o
plays a crucial role in the remodeling of the growth plate,
where inactivation of EGFR results in the inability of hyper-
trophic chondrocytes to degrade the surrounding collagen
matrix and to attract osteoclasts to invade and remodel the
advancing growth plate under control of the osteoclast dif-
ferentiation factor receptor activator of nuclear factor kB
(NFxB) ligand (RANKL).”" Mice lacking ADAM17 in
chondrocytes (Adam17ACh) show an expanded hypertro-
phic zone in the growth plate,”” essentially phenocopying
mice with defects in EGFR signaling in chondrocytes.”
Tight regulation of EGFR signaling is important for carti-
lage and joint homeostasis, as shown in mice with cartilage-
specific deletion of the mitogen-inducible gene 6 (MIG-6),
a scaffold protein that binds EGFR and targets it for inter-
nalization and degradation.” These events of cartilage
matrix remodeling and vascular invasion are required for
the migration and differentiation of osteoclasts and osteo-
blasts, which remove the mineralized cartilage matrix and
replace it with bone.

DEVELOPMENT OF THE JOINT CAPSULE
AND SYNOVIUM

The interzone and the contiguous perichondrial envelope,
of which the interzone is a part, contain the mesenchymal
cell precursors that give rise to other joint components,
including the joint capsule, synovial lining, menisci, intra-
capsular ligaments, and tendons.” The external mesenchy-
mal tissue condenses as a fibrous capsule. The peripheral
mesenchyme becomes vascularized and is incorporated as
the synovial mesenchyme, which differentiates into a pseu-
domembrane at about the same time as cavitation begins in
the central interzone (stage 23, approximately 8 weeks).
The menisci arise from the eccentric portions of the articu-
lar interzone. In common usage, the term synovium refers to
the true synovial lining and the subjacent vascular and
areolar tissue, up to—but excluding—the capsule. Synovial
lining cells can be distinguished as soon as the multiple
cavities within the interzone begin to coalesce. At first,
these cells are exclusively fibroblast-like (type B) cells.

As the joint cavity increases in size, synovial-lining cell
layers expand by proliferation of fibroblast-like cells and
recruitment of macrophage-like (type A) cells from the
circulation. The synovial lining cells express the hyaluro-
nan receptor CD44 and UDPGD, the levels of which
remain elevated after cavitation. This increased activity
likely contributes to the high concentration of hyaluronan
in joint fluids. Further synovial expansion results in the
appearance of synovial villi at the end of the second month,
early in the fetal period, which greatly increases the surface
area available for exchange between the joint cavity and
the vascular space. Cadherin 11 is an additional molecule
expressed by synovial lining cells.””™ It is essential for estab-
lishment of synovial lining architecture during develop-
ment, where its expression correlates with cell migration
and tissue outgrowth of the synovial lining.

The role of innervation in the developing joint is not
well understood. A dense capillary network develops in the
subsynovial tissue, with numerous capillary loops that pen-
etrate into the true synovial lining layer. The human syno-
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vial microvasculature is already innervated by 8 weeks
(stage 23) of gestation, around the time of joint cavitation.
Evidence of neurotransmitter function is not found until
much later, however, with the appearance of the sensory
neuropeptide substance P at 11 weeks. The putative
sympathetic neurotransmitter, neuropeptide Y, appears at
13 weeks of gestation, along with the catecholamine-
synthesizing enzyme tyrosine hydroxylase. The finding that
the Slit2 gene, which functions for the guidance of neuronal
axons and neurons, is expressed in the mesenchyme and in
peripheral mesenchyme of the limb bud (stages 23 to 28)
suggests that innervation is an integral part of synovial joint
development.®

DEVELOPMENT OF NONARTICULAR JOINTS

In contrast to articular joints, the temporomandibular joint
develops slowly, with cavitation at a crown-rump length of
57 to 75 mm (i.e., well into the fetal stage). This slow
development may occur because this joint develops in the
absence of a continuous blastema and involves the insertion
between bone ends of a fibrocartilaginous disk that arises
from muscular and mesenchymal derivatives of the first pha-
ryngeal arch. However, many of the same genes as those
involved in articular joint development are involved in
morphogenesis and growth of the temporomandibular
joint.*?

The development of other types of joints, such as synar-
throses, is similar to that of diarthrodial joints except that
cavitation does not occur, and synovial mesenchyme is not
formed. In these respects, synarthroses and amphiarthroses
resemble the “fused” peripheral joints induced by paralyzing
chicken embryos, and they may develop as they do because
relatively little motion is present during their formation.*’

The intervertebral disk consists of a semiliquid nucleus
pulposus (NP) in the center, surrounded by a multilayered
fibrocartilaginous annulus fibrosus (AF), which is sand-
wiched between the cartilaginous end plates (EPs).*
Between the EPs lies the vertebral body consisting of the
growth plate, which later disappears, and the primary and
secondary centers of ossification that fuse together. The
cells in the NP arise from the embryonic notochord and the
notochord orchestrates somatogenesis, from which arises
the ventral mesenchymal sclerotome that forms the AF of
the intervertebral disk, as well as the vertebral bodies and
ribs.** The NP acts as the center for controlling cell dif-
ferentiation in the AF and EP through Shh signaling, which
is regulated by WNT signaling and, in turn, promotes
growth and differentiation through downstream transcrip-
tion factors, Brachyury and Sox9, and gene expression of
extra-cellular matrix components.**® The proteoglycans
and collagens expressed during development of the inter-
vertebral disk have been mapped and reflect the complex
structure-function relationships that allow flexibility and
resistance to compression in the spine.*’

DEVELOPMENT OF ARTICULAR CARTILAGE

In the vertebrate skeleton, cartilage is the product of cells
from three distinct embryonic lineages. Craniofacial carti-
lage is formed from cranial neural crest cells; the cartilage
of the axial skeleton (intervertebral disks, ribs, and sternum)
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forms from paraxial mesoderm (somites); and the articular
cartilage of the limbs is derived from the lateral plate
mesoderm.' In the developing limb bud, mesenchymal con-
densations, followed by chondrocyte differentiation and
maturation, occur in digital zones, whereas undifferentiated
mesenchymal cells in the interdigital web zones undergo
cell death. Embryonic cartilage is destined for one of several
fates: It can remain as permanent cartilage, as on the articu-
lar surfaces of bones, or it can provide a template for the
formation of bones by endochondral ossification. During
development, chondrocyte maturation expands from the
central site of the original condensation, which forms the
cartilage anlage resembling the shape of the future bone,
toward the ends of the forming bones. During joint cavita-
tion, the peripheral interzone is absorbed into each adjacent
cartilaginous zone, evolving into the articular surface. The
articular surface is destined to become a specialized carti-
laginous structure that does not normally undergo vascular-
ization and ossification.**’

More recent evidence indicates that postnatal matura-
tion of the articular cartilage involves an appositional
growth mechanism originating from progenitor cells at the
articular surface, rather than an interstitial mechanism.
During formation of the mature articular cartilage, the dif-
ferentiated articular chondrocytes synthesize the cartilage-
specific matrix molecules, such as type II collagen and
aggrecan (see Chapter 3). Through the processes described
previously, the articular joint spaces are developed and
lined on all surfaces either by cartilage or by synovial lining
cells. These two different tissues merge at the enthesis, the
region at the periphery of the joint where the cartilage
melds into bone, and where ligaments and the capsule are
attached. In the postnatal growth plate, the differentiation
of the perichondrium also is linked to the differentiation of
the chondrocytes in the epiphysis to form the different
zones of the growth plate, contributing to longitudinal bone
growth. Once the growth plate closes in the human joint,
the adult articular cartilage must be maintained by the resi-
dent chondrocytes with low-turnover production of matrix
proteins.*%
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ORGANIZATION AND PHYSIOLOGY OF THE
MATURE JOINT

The unique structural properties and biochemical compo-
nents of diarthrodial joints make them extraordinarily
durable load-bearing devices. The mature diarthrodial joint
is a complex structure, influenced by its environment and
mechanical demands (see Chapter 6). Joints have structural
differences that are determined by their different functions.
The shoulder joint, which demands an enormous range of
motion, is stabilized primarily by muscles, whereas the hip,
which requires motion and antigravity stability, has an
intrinsically stable ball-and-socket configuration. The com-
ponents of the “typical” synovial joint are the synovium,
muscles, tendons, ligaments, bursae, menisci, articular car-
tilage, and subchondral bone. The anatomy and physiology
of muscles are described in detail in Chapter 5.

SYNOVIUM

The synovium, which lines the joint cavity, is the site of
production of synovial fluid that provides the nutrition for
the articular cartilage and lubricates the cartilage surfaces.
The synovium is a thin membrane between the fibrous joint
capsule and the fluid-filled synovial cavity that attaches to
skeletal tissues at the bone-cartilage interface and does not
encroach on the surface of the articular cartilage. It is
divided into functional compartments: the lining region
(synovial intima), the subintimal stroma, and the neurovas-
culature (Figure 1-5). The synovial intima, also termed
synowial lining, is the superficial layer of the normal synovium
that is in contact with the intra-articular cavity. The syno-
vial lining is loosely attached to the subintima, which con-
tains blood vessels, lymphatics, and nerves. Capillaries and
arterioles generally are located directly underneath the
synovial intima, whereas venules are located closer to the
joint capsule.

A transition from loose to dense connective tissue occurs
from the joint cavity to the capsule. Most cells in the normal
subintimal stroma are fibroblasts and macrophages, although

Figure 1-5 A, Schematic representation of normal human synovium. The intima contains specialized fibroblasts expressing vascular cell adhesion
molecule-1 (VCAM-1) and uridine diphosphoglucose (UDPG) and specialized macrophages expressing FcyRllla. The deeper subintima contains unspe-
cialized counterparts. B, Microvascular endothelium in human synovium contains receptors for the vasodilator/growth factor substance P. Silver grains
represent specific binding of ['*[IBolton Hunter-labeled substance P to synovial microvessels (arrows). Arrowheads indicate the synovial surface.
Emulsion-dipped in vitro receptor autoradiography preparations with hematoxylin and eosin counterstain. Calibration bar = 1 um. (A, from Edwards
JCW: Fibroblast biology: development and differentiation of synovial fibroblasts in arthritis. Arthritis Res 2:344-347, 2000.)



adipocytes and occasional mast cells are present.”” These
compartments are not circumscribed by basement mem-
branes but nonetheless have distinct functions; they are
separated from each other by chemical barriers, such as
membrane peptidases, which limit the diffusion of regula-
tory factors between compartments. Synovial compartments
are unevenly distributed within a single joint. Vascularity
is high at the enthesis where synovium, ligament, and car-
tilage coalesce. Far from being a homogeneous tissue in
continuity with the synovial cavity, synovium is highly het-
erogeneous, and synovial fluid may be poorly representative
of the tissue-fluid composition of any synovial tissue com-
partment. In rheumatoid arthritis, the synovial lining of
diarthrodial joints is the site of the initial inflammatory
process. This lesion is characterized by proliferation of the
synovial lining cells, increased vascularization, and infiltra-
tion of the tissue by inflammatory cells, including B and T
lymphocytes, plasma cells, and activated macrophages (see
Chapter 69).”"* The roles of synovitis and synovial angio-
genesis are also of current interest in relation to the progres-
sion and severity of joint damage in osteoarthritis (OA).””

Synovial Lining

The synovial lining, a specialized condensation of mesen-
chymal cells and extra-cellular matrix, is located between
the synovial cavity and stroma. In normal synovium, the
lining layer is two to three cells deep, although intra-
articular fat pads usually are covered by only a single layer
of synovial cells, and ligaments and tendons are covered by
synovial cells that are widely separated. At some sites, lining
cells are absent, and the extra-cellular connective tissue
constitutes the lining layer. Such “bare areas” become
increasingly frequent with advancing age. Although the
synovial lining is often referred to as the synovial mem-
brane, the term membrane is more correctly reserved for
endothelial and epithelial tissues that have basement mem-
branes, tight intercellular junctions, and desmosomes.
Instead, synovial lining cells lie loosely in a bed of hyaluro-
nate interspersed with collagen fibrils; this is the macromo-
lecular sieve that imparts the semipermeable nature of the
synovium. The absence of any true basement membrane is
a major determinant of joint physiology.

Early electron microscopic studies characterized lining
cells as macrophage-derived type A and fibroblast-derived
type B cells. High UDPGD activity and CD55 are used to
distinguish type B synovial cells, whereas nonspecific ester-
ase and CD68 typify type A cells. Normal synovium is lined
predominantly by fibroblast-like synoviocytes, whereas
macrophage-like synovial cells compose only 10% to 20%
of lining cells (see Figure 1-5).%

Type A, macrophage-like synovial cells contain vacu-
oles, a prominent Golgi apparatus, and filopodia, but they
have little rough endoplasmic reticulum. These cells express
numerous cell surface markers of the monocyte-macrophage
lineage, including CD16, CD45, CD11b/CD18, CD68,
CD14, CD163, and the immunoglobulin (Ig)G Fc receptor,
FeyRIIla.””?* Synovial intimal macrophages are phagocytic
and may provide a mechanism by which particulate matter
can be cleared from the normal joint cavity. Similar to other
tissue macrophages, these cells have little capacity to pro-
liferate and are likely localized to the joint during develop-
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ment. The op/op osteopetrotic mouse that is deficient in
macrophages because of an absence of macrophage colony-
stimulating factor also lacks synovial macrophages, suggest-
ing that type A synovial cells are of a common lineage with
other tissue macrophages. Although they represent only a
small percentage of the cells in the normal synovium, the
macrophages are recruited from the circulation during syno-
vial inflammation, partly from subchondral bone marrow
through vascular channels near the enthesis.

The type B, fibroblast-like synoviocytes contain fewer
vacuoles and filopodia than type A cells and have abundant
protein-synthetic organelles.” Similar to other fibroblasts,
lining cells express genes encoding extra-cellular matrix
components, including collagens, sulfated proteoglycans,
fibronectin, fibrillin-1, and tenascin, and they express intra-
cellular and cell surface molecules such as vimentin and
CD90 (Thy-1). They have the potential to proliferate,
although proliferation markers are rarely seen in normal
synovium. In contrast to stromal fibroblasts, synovial intimal
fibroblasts express UDPGD and synthesize hyaluronan, an
important constituent of synovial fluid.” They also synthe-
size lubricin, which, together with hyaluronan, is necessary
for the low-friction interaction of cartilage surfaces in the
diarthrodial joint. Synovial lining cells bear abundant mem-
brane peptidases on their surface that are capable of degrad-
ing a wide range of regulatory peptides, such as substance P
and angiotensin II.

Normal synovial lining cells also express a rich array of
adhesion molecules, including CD44, the principal receptor
for hyaluronan; vascular cell adhesion molecule (VCAM)-
1; intercellular adhesion molecule (ICAM)-1; and CD55
(decay-accelerating factor).”” They are essential for cellular
attachment to specific matrix components in the synovial
lining region, preventing loss into the synovial cavity
of cells subjected to deformation and shear stresses during
joint movement. Adhesion molecules such as VCAM-1 and
ICAM-1 potentially are involved in the recruitment of
inflammatory cells during the evolution of arthritis. Cad-
herins mediate cell-cell adhesion between adjacent cells of
the same type. The identification of cadherin-11 as a key
adhesion molecule that regulates the formation of the syno-
vial lining during development and the synoviocyte func-
tion postnatally has provided the opportunity to examine
its role in inflammatory joint disease.” Cadherin-11 is
highly expressed in fibroblast-like cells at the pannus-
cartilage interface in rheumatoid synovium, where it plays
arole in the invasive properties of the synovial fibroblasts,”
and treatment with a cadherin-11 antibody or a cadherin-11
fusion protein reduces synovial inflammation and cartilage
erosion in an animal model of arthritis.*®

Synovial Vasculature

The subintimal synovium contains blood vessels, providing
the blood flow that is required for solute and gas exchange
in the synovium itself and for the generation of synovial
fluid.”® The avascular articular cartilage also depends on
nutrition in the synovial fluid, derived from the synovial
vasculature. The vascularized synovium behaves similar
to an endocrine organ, generating factors that regulate
synoviocyte function and serving as a selective gateway
that recruits cells from the circulation during stress and
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inflammation. Finally, synovial blood flow plays an impor-
tant role in regulating intra-articular temperature.

The synovial vasculature can be divided, on morphologic
and functional grounds, into arterioles, capillaries, and
venules. In addition, lymphatics accompany arterioles and
larger venules.” Arterial and venous networks of the joint
are complex and are characterized by arteriovenous anasto-
moses that communicate freely with blood vessels in peri-
osteum and periarticular bone. As large synovial arteries
enter the deep layers of the synovium near the capsule, they
give off branches, which bifurcate again to form “microvas-
cular units” in the subsynovial layers. The synovial lining
region, the surfaces of intra-articular ligaments, and the
entheses (in the angle of ligamentous insertions into bone)
are particularly well vascularized.”

The distribution of synovial vessels, which were formed
largely as a result of vasculogenesis during development of
the joint, displays considerable plasticity. Vasculogenesis is
a dynamic process that depends on the cellular interactions
with regulatory factors and the extra-cellular matrix, which
are also important in angiogenesis. In inflammatory arthri-
tis, the density of blood vessels decreases relative to the
growing synovial mass, creating a hypoxic and acidotic
environment.'“'°! Angiogenic factors such as VEGE acting
via VEGF receptors 1 and 2 (Fltl and Flk2), and basic FGF
promote proliferation and migration of endothelial cells, a
process that is facilitated by matrix-degrading enzymes and
adhesion molecules such as integrin avB3 and E-selectin,
expressed by activated endothelial cells. Vessel maturation
is facilitated by angiopoietin-1 acting via the Tie-2 receptor.
The angiogenic molecules are restricted to the capillary
epithelium in normal synovium, but their levels are ele-
vated in inflamed synovium in perivascular sites and areas
remote from vessels.'®'?

Regulation of Synovial Blood Flow

Synovial blood flow is regulated by intrinsic (autocrine and
paracrine) and extrinsic (neural and humoral) systems.
Locally generated factors, such as the peptide vasoconstric-
tors angiotensin Il and endothelin-1, act on adjacent arte-
riolar smooth muscle to regulate regional vascular tone.”
Normal synovial arterioles are richly innervated by sympa-
thetic nerves containing vasoconstrictors, such as norepi-
nephrine and neuropeptide Y, and by “sensory” nerves
that also play an efferent vasodilatory role by releasing
neuropeptides, such as substance P and calcitonin gene—
related peptide (CGRP). Arterioles regulate regional blood
flow. Capillaries and postcapillary venules are sites of
fluid and cellular exchange. Correspondingly, regulatory
systems are differentially distributed along the vascular axis.
Angiotensin-converting enzyme, which generates angio-
tensin 11, is localized predominantly in arteriolar and capil-
lary endothelia and decreases during inflammation. Specific
receptors for angiotensin Il and for substance P are abun-
dant on synovial capillaries, with lower densities on adja-
cent arterioles. Dipeptidyl peptidase IV, a peptide-degrading
enzyme, is specifically localized to the cell membranes
of venular endothelium. The synovial vasculature is not
only functionally compartmentalized from the surrounding
stroma but also highly specialized along its arteriovenous
axis. Other unique characteristics of the normal synovial
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vasculature include the presence of inducible nitric oxidase
synthase—independent 3-nitrotyrosine, a reaction product
of peroxynitrite, and the localization of the synoviocyte-
derived CXCL12 chemokine on heparan sulfate receptors
on endothelial cells, suggesting physiologic roles for these
molecules in normal vascular function.

JOINT INNERVATION

Dissection studies have shown that each joint has a dual
nerve supply, consisting of specific articular nerves that pen-
etrate the capsule as independent branches of adjacent
peripheral nerves and articular branches that arise from
related muscle nerves. The definition of joint position and
the detection of joint motion are monitored separately and
by a combination of multiple inputs from different receptors
in varied systems. Nerve endings in muscle and skin and in
the joint capsule mediate sensation of joint position and
movement. Normal joints have afferent (sensory) and effer-
ent (motor) innervations consisting of both unmyelinated
and sensory thick myelinated A fibers in ligaments, fibrous
capsule, menisci and adjacent periosteum, where they are
thought to function primarily as sensors for pressure and
movements. Sensory A and C fibers terminate as free nerve
endings in the fibrous capsule, adipose tissue, ligaments,
menisci, and the adjacent periosteum, where they are
thought to act as nociceptors and contribute to the regula-
tion of synovial microvascular function.

In normal synovium a dense network of fine unmyelin-
ated nerve fibers follow the courses of blood vessels and
extend into the synovial lining layers. These nerve fibers do
not have specialized endings and are slow-conducting fibers;
they may transmit diffuse, burning, or aching pain sensa-
tion. Sympathetic nerve fibers surround blood vessels, par-
ticularly in the deeper regions of normal synovium, and
contain and release classic neurotransmitters, such as nor-
epinephrine, and neuropeptides that are markers of sensory
nerves including substance P, CGRP, neuropeptide Y, and
vasoactive intestinal peptide.”!®

Afferent nerves containing substance P also have an
efferent role in the synovium. Substance P is released from
peripheral nerve terminals into the joint, and specific, G
protein—coupled receptors for substance P are localized to
microvascular endothelium in normal synovium. Abnor-
malities of articular innervation that are associated with
inflammatory arthritis may contribute to the failure of
synovial inflammation to resolve. Excessive local neuropep-
tide release may result in the loss of nerve fibers as a result
of neuropeptide depletion. Synovial tissue proliferation
without concomitant growth of new nerve fibers may lead
to an apparent partial denervation of synovium. Studies in
patients suggest that free nerve endings containing sub-
stance P may modulate inflammation and the pain pathway
in OA. Afferent nerve fibers from the joint play an impor-
tant role in the reflex inhibition of muscle contraction.
Trophic factors generated by motor neurons, such as the
neuropeptide CGRP, are important in maintaining muscle
bulk and a functional neuromuscular junction. Decreases in
motor neuron trophic support during articular inflammation
probably contribute to muscle wasting.

Mechanisms of joint pain have been reviewed in
detail." " In a noninflamed joint, most sensory nerve



fibers do not respond to movement within the normal range;
these fibers are referred to as silent nociceptors. In an acutely
inflamed joint, however, these nerve fibers become sensi-
tized by mediators such as bradykinin, neurokinin 1, and
prostaglandins (peripheral sensitization), and as a result,
normal movements induce pain. Pain sensation is upregu-
lated or downregulated further in the central nervous
system, at the level of the spinal cord and in the brain, by
central sensitization and “gating” of nociceptive input.
Although the normal joint may respond predictably to
painful stimuli, a poor correlation often exists between
apparent joint disease and perceived pain in persons with
chronic arthritis. Pain associated with joint movements
within the normal range is a characteristic symptom
described by patients with chronically inflamed joints
caused by rheumatoid arthritis. Chronically inflamed joints
may not be painful at rest, however, unless they are acutely
inflamed.

The expression of substance P and CGRP are upregu-
lated by nerve growth factor (NGF), which belongs to a
family of neurotrophins that regulated neuronal growth
during embryonic development.'® Postnatally, NGF and
the neurotrophins regulate neuronal regeneration and pain
perception. In addition to promoting nerve growth and
mediating pain perception, NGF can act together with
VEGEF to promote blood vessel formation. Angiogenesis and
nerve growth thus are linked by common pathways involv-
ing NGE, VEGE, and neuropeptides such as CGRP, neuro-
peptide Y, and semiphorins.”'*"!?

TENDONS

Tendons are functional and anatomic bridges between
muscle and bone."""''? Tendons focus the force of a large
mass of muscle into a localized area on bone and, by split-
ting to form numerous insertions, may distribute the force
of a single muscle to different bones. Tendons are formed of
longitudinally arranged collagen fibrils embedded in an
organized, hydrated proteoglycan matrix with blood vessels,
lymphatics, and fibroblasts.!”” Cross-links between adjacent
collagen chains or molecules contribute to the tensile
strength of the tendon. Tendon collagen fibrillogenesis is
initiated during early development by a highly ordered
process of alignment involving the actin cytoskeleton and
cadherin-11.""*'" Many tendons, particularly those with a
large range of motion, run through vascularized, discontinu-
ous sheaths of collagen lined with mesenchymal cells resem-
bling synovium. Gliding of tendons through their sheaths
is enhanced by hyaluronic acid produced by the lining cells.
Tendon movement is essential for the embryogenesis and
maintenance of tendons and their sheaths.!'®!'” Degenera-
tive changes appear in tendons, and fibrous adhesions form
between tendons and sheaths when inflammation or surgi-
cal incision is followed by long periods of immobilization.
At the myotendinous junction, recesses between muscle cell
processes are filled with collagen fibrils, which blend into
the tendon. At its other end, collagen fibers of the tendon
typically blend into fibrocartilage, mineralize, and merge
into bone through a fibrocartilaginous transition zone
termed the enthesis, or insertion site.''®

Tendon fibroblasts synthesize and secrete collagens, pro-
teoglycans, and other matrix components, such as fibronec-
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tin and tenascin C, as well as MMPs and their inhibitors,
which can contribute to the breakdown and repair of tendon
components.'”” Collagen fibrils in tendon are composed pri-
marily of type I collagen with some type III collagen, but
there are regional differences in the distribution of other
matrix components. The compressed region contains the
small proteoglycans, biglycan, decorin, fibromodulin, and
lumican, as well as the large proteoglycan versican. The
major components in the tensile region of the tendon are
decorin, microfibrillar type VI collagen, fibromodulin,
and the proline and arginine-rich end leucine-rich repeat
protein (PRELP). The presence of cartilage oligomeric
matrix protein, aggrecan, and biglycan and collagen types
I, IX, and XI is indicative of fibrocartilage. The collagen
fiber orientation at the tendon-to-bone enthesis is impor-
tant for maintaining microarchitecture by reducing the
stress concentrations and shielding the outward splay of
the insertion from the highest stresses.'"” Understanding the
structure has implications for tendon repair because motion
between a tendon graft and bone tunnel may impair early
graft incorporation and lead to tunnel widening secondary
to bone resorption.'?*!!

Failure of the muscle-tendon apparatus is rare; when it
does occur, it is the result of enormous, quickly generated
forces across a joint and usually occurs near the tendon
insertion into bone.'** Factors that may predispose to tendon
failure are aging processes, including loss of extra-cellular
water and the increase in intermolecular cross-links of
collagen; tendon ischemia; iatrogenic factors, including
injection of glucocorticoids; and deposition of calcium
hydroxyapatite crystals within the collagen bundles. Altera-
tions in collagen fibril composition and structure are associ-
ated with tendon degeneration during aging and may
predispose to OA. Understanding the contributions in
tendon development of Sox9, scleraxis, Mohawk, members
of the TGF-B/BMP superfamily, including GDEF-5, and
Wnt/B-catenin, and Ihh signaling'**'** may point to strate-
gies for tendon repair.'?>'%

LIGAMENTS

Ligaments, which provide a stabilizing bridge between
bones, permit a limited range of movement.'*® Ligaments
often are recognized only as hypertrophied components of
the fibrous joint capsule and are structurally similar to
tendons.'?” Although the fibers are oriented parallel to the
longitudinal axis of both tissues, the collagen fibrils in liga-
ments are nonparallel and arranged in fibers that are ori-
ented roughly along the long axis in a wavy, undulating
pattern, or “crimp,” which can straighten in response to
load. Some ligaments have a higher ratio of elastin to col-
lagen (1:4) than do tendons (1:50), which permits a greater
degree of stretch. Ligaments also have larger amounts of
reducible cross-links, more type III collagen, slightly less
total collagen, and more glycosaminoglycans compared with
tendons. The cells in ligaments seem to be more metaboli-
cally active than the cells in tendons and have more plump
cellular nuclei and higher DNA content.

During postnatal growth, the development of ligament
attachment zones involves changes in the ratios and distri-
bution of types I, III, and V collagen and the synthesis of
type Il collagen and proteoglycans by fibrochondrocytes
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that develop from ligament cells at the attachment zone.
Attachment zones are believed to permit gradual transmis-
sion of the tensile force between ligament and bone.

Ligaments play a major role in the passive stabilization
of joints, aided by the capsule and, when present, menisci.
In the knee, the collateral and cruciate ligaments provide
stability when there is little or no load on the joint. As
compressive load increases, there is an increasing contribu-
tion to stability from the joint surfaces themselves and the
surrounding musculature. Injured ligaments generally heal,
and structural integrity is restored by contracture of the
healing ligament so it can act again as a stabilizer of the
joint.

BURSAE

The many bursae in the human body facilitate gliding of
one tissue over another, much as a tendon sheath facilitates
movement of its tendon. Bursae are closed sacs, lined
sparsely with mesenchymal cells that are similar to synovial
cells, but they are generally less well vascularized than
synovium. Most bursae differentiate concurrently with
synovial joints during embryogenesis. Throughout life,
trauma or inflammation may lead to the development of
new bursae, hypertrophy of previously existing ones, or
communication between deep bursae and joints. In patients
with rheumatoid arthritis, communications may exist
between the subacromial bursae and the glenohumeral
joint, between the gastrocnemius or semimembranosus
bursae and the knee joint, and between the iliopsoas bursa
and the hip joint. It is unusual, however, for subcutaneous
bursae, such as the prepatellar bursa or olecranon bursa, to
develop communication with the underlying joint.'”®

MENISCI

The meniscus, a fibrocartilaginous, wedge-shaped structure,
is best developed in the knee but also is found in the acro-
mioclavicular and sternoclavicular joints, the ulnocarpal
joint, and the temporomandibular joint. Until more
recently, menisci were thought to have little function and
a quiescent metabolism with no capability of repair, although
early observations indicated that removal of menisci from
the knee could lead to premature arthritic changes in the
joint. Evidence from arthroscopic studies of patients with
anterior cruciate ligament insufficiency indicates that dis-
ease of the medial meniscus correlates with that of the
medial femoral cartilage. The meniscus is now considered
to be an integral component of the knee joint that has
important functions in joint stability, load distribution,
shock absorption, and lubrication.'**

The microanatomy of the meniscus is complex and age
dependent.” The characteristic shapes of the lateral and
the medial menisci are achieved early in prenatal develop-
ment. At that time, the menisci are cellular and highly
vascularized; with maturation, vascularity decreases progres-
sively from the central margin to the peripheral margin.
After skeletal maturity, the peripheral 10% to 30% of the
meniscus remains highly vascularized by a circumferential
capillary plexus and is well innervated. Tears in this vascu-
larized peripheral zone may undergo repair and remodeling.
The central portion of the mature meniscus is an avascular
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fibrocartilage, however, without nerves or lymphatics, con-
sisting of cells surrounded by an abundant extra-cellular
matrix of collagens, chondroitin sulfate, dermatan sulfate,
and hyaluronic acid. Tears in this central zone heal poorly,
if at all.

Collagen constitutes 60% to 70% of the dry weight of
the meniscus and is mostly type I collagen, with lesser
amounts of types I1I, V, and VI. A small quantity of cartilage-
specific type II collagen is localized to the inner, avascular
portion of the meniscus. Collagen fibers in the periphery are
mostly circumferentially oriented, with radial fibers extend-
ing toward the central portion. Elastin content is around
0.6%, and proteoglycan content is around 2% to 3% dry
weight. Aggrecan and decorin are the major proteoglycans
in the adult meniscus. Decorin is the predominant proteo-
glycan synthesized in the meniscus from young persons,
whereas the relative proportion of aggrecan synthesis
increases with age. Although the capacity of the meniscus
to synthesize sulfated proteoglycans decreases after the
teenage years, the age-related increases in expression of
decorin and aggrecan mRNA suggest that the resident cells
are able to respond quickly to alterations in the biome-
chanical environment.

The meniscus was defined originally as a fibrocartilage,
based on the rounded or oval shape of most of the cells and
the fibrous microscopic appearance of the extra-cellular
matrix. Based on molecular and spatial criteria, three dis-
tinct populations of cells are recognized in the meniscus of
the knee joint' '

1. The fibrochondrocyte is the most abundant cell in the
middle and inner meniscus, synthesizing primarily
type I collagen and relatively small amounts of type
II and III collagens. It is round or oval in shape and
has a pericellular filamentous matrix containing type
VI collagen.

2. The fibroblast-like cells lack a pericellular matrix and
are located in the outer portion of the meniscus. They
are distinguished by long, thin, branching cytoplas-
mic projections that stain for vimentin. They make
contact with other cells in different regions via con-
nexin 43—containing gap junctions. The presence
of two centrosomes, one associated with a primary
cilium, suggests a sensory, rather than motile, func-
tion that could enable the cells to respond to circum-
ferential tensile loads rather than compressive loads.

3. The superficial zone cells have a characteristic fusi-
form shape with no cytoplasmic projections. The
occasional staining of these cells in the uninjured
meniscus with o-actin and their migration into sur-
rounding wound sites suggest that they are specialized
progenitor cells that may participate in a remodeling
response in the meniscus and surrounding tissues.

Cell lineage tracing and gene profiling studies in mouse
embryos have provided insight into the complexity of the
meniscus and how it was formed."””"* Researchers have
considerable interest in using this information to develop
new strategies for meniscal generation.

MATURE ARTICULAR CARTILAGE

Articular cartilage is a specialized connective tissue that
covers the weight-bearing surfaces of diarthrodial joints.



The principal functions of cartilage layers covering bone
ends are to permit low-friction, high-velocity movement
between bones, to absorb the transmitted forces associated
with locomotion, and to contribute to joint stability. Lubri-
cation by synovial fluid provides frictionless movement
of the articulating cartilage surfaces. Chondrocytes (see
Chapter 3) are the single cellular component of adult
hyaline articular cartilage and are responsible for synthesiz-
ing and maintaining the highly specialized cartilage matrix
macromolecules. The cartilage extra-cellular matrix is com-
posed of an extensive network of collagen fibrils, which
confers tensile strength, and an interlocking mesh of pro-
teoglycans, which provides compressive stiffness through
the ability to absorb and extrude water. Numerous other
noncollagenous proteins also contribute to the unique prop-
erties of cartilage (Table 1-1). Histologically, the tissue
appears to be fairly homogeneous and clearly distinguished
from the calcified cartilage and underlying subchondral
bone (Figure 1-6). However, this appearance is misleading
because significant topographical and regional differences
exist in the molecular organization and composition of the
articular cartilage, as described in Chapter 3.

SUBCHONDRAL BONE

Subchondral bone is not a homogeneous tissue and consists
of a layer of compact cortical bone and an underlying system
of cancellous bone organized into a trabecular network. >
The subchondral bone is separated from the overlying artic-
ular cartilage by a thin zone of calcified cartilage. The
so-called tidemark defines the transition zone between the
articular and calcified cartilage. This complex biocomposite
of bone and calcified cartilage provides an optimal system
for distributing loads that are transmitted from the weight-
bearing surfaces that are lined by the hyaline articular car-
tilage. Although the tidemark was originally believed to
form a barrier to fluid flow, evidence shows that biologically
active molecules can transit this zone, providing a mecha-
nism by which products produced by chondrocytes or bone
cells can influence the activity of the other cell type.””"!
In addition, further communication is provided via products
released from vascular elements in channels that penetrate
the calcified cartilage from the adjacent marrow space."”’
Under physiologic conditions the composition and struc-
tural organization of the subchondral bone and calcified
cartilage are optimally adapted to transfer loads, but several
conditions can lead to changes in the structural and func-
tional properties of these tissues.

The subchondral bone undergoes continuous structural
reorganization throughout postnatal life. These alterations
are mediated by the coordinated activity of bone-resorbing
osteoclasts and bone-forming osteoblasts that remodel and
adapt the bone in response to local biomechanical and
biological signals.'* Several lines of evidence have estab-
lished that osteocytes are the bone cell type that plays a key
role in regulating the bone remodeling process.'*"!** Osteo-
cytes are distributed throughout the mineralized bone
matrix, forming an interconnected network that is ideally
positioned to sense and respond to local and systemic
stimuli. These effects are mediated via both cell-cell inter-
actions with osteoclasts and osteoblasts but also via signal-
ing through the release of soluble mediators. These products
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TABLE 1-1
Cartilage*

Extra-cellular Matrix Components of Articular

Collagens

Type Il

Type IX

Type XI

Type VI

Types XII, XIV

Type X (hypertrophic chondrocyte)

Proteoglycans
Aggrecan

Versican

Link protein
Biglycan (DS-PGI)
Decorin (DS-PGlI)
Epiphycan (DS-PGlII)
Fibromodulin
Lumican
Proline/arginine-rich and leucine-rich repeat protein (PRELP)
Chondroadherin
Perlecan

Lubricin (SZP)

Other Noncollagenous Proteins (Structural)

Cartilage oligomeric matrix protein (COMP) or thrombospondin-5
Thrombospondin-1 and thrombospondin-3

Cartilage matrix protein (matrilin-1) and matrilin-3
Fibronectin

Tenascin-C

Cartilage intermediate layer protein (CILP)

Fibrillin

Elastin

Other Noncollagenous Proteins (Regulatory)
Glycoprotein (gp)-39, YKL-40

Matrix Gla protein (MGP)

Chondromodulin-I (SCGP) and chondromodulin-II
Cartilage-derived retinoic acid-sensitive protein (CD-RAP)
Growth factors

Cell Membrane-Associated Proteins

Integrins (1B1, 02B1, a3B1, a5B1, 6B 1, a10B1, avP3, owf5)
Anchorin Cll (annexin V)

Cell determinant 44 (CD44)

Syndecan-1, 3, and 4

Discoidin domain receptor 2

*The collagens, proteoglycans, and other noncollagenous proteins in the
cartilage matrix are synthesized by chondrocytes at different stages during
development and growth of cartilage. In mature articular cartilage,
proteoglycans and other noncollagen proteins are turned over slowly,
whereas the collagen network is stable unless exposed to proteolytic
cleavage. Proteins that are associated with chondrocyte cell membranes
also are listed because they permit specific interactions with extra-cellular
matrix proteins. The specific structure-function relationships are discussed
in Chapter 3 and described in Table 3-1.

DS-PG, Dermatan sulfate proteoglycan; SCGP, small cartilage-derived
glycoprotein; SZP, superficial zone protein; YKL-40, 40KD chitinase 3-like
glycoprotein.

include RANKL, the essential regulator of osteoclast dif-
ferentiation and activity and its inhibitor osteoprotegerin
(OPG),"""** as well as additional mediators, including
prostanoids, nitric oxide, nucleotides, and a broad spectrum
of growth factors and cytokines.'* In addition to these
factors, osteocytes also produce sclerostin and Dickkopf-
related protein 1 (DKK-1), which are potent inhibitors of
the Wnt/B-catenin pathway that contributes to the regula-
tion of osteoblast-mediated bone formation.* The release
of RANKL and OPG and the Wnt pathway regulators,

DKK-1 and sclerostin, play a major role in controlling the
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adaptation of the subchondral bone to alterations in
mechanical loading in both physiologic and pathologic
conditions.

The maintenance of the structural and functional integ-
rity of articular cartilage and subchondral bone under physi-
ologic loading is evidence of the unique and intimate
interaction of these tissues, but controversy remains with
regard to the relationship between them in the pathogenesis
of OA."" Radin and Rose'* proposed that the initiation of
early alterations in articular cartilage is caused by an increase
in subchondral bone stiffness that adversely affects the func-
tion of articular chondrocytes, leading to deterioration in
the properties of the articular cartilage and susceptibility to
mechanical disruption. Alternatively, it has been proposed
that changes in subchondral bone stiffness may be a result
of cartilage deterioration.'*"*! The alterations in subchon-
dral bone and cartilage that accompany the osteoarthritic
process are not restricted to these tissues but also affect the
zone of calcified cartilage, where there is evidence of vascu-
lar invasion, advancement of the calcified cartilage, and
duplication of the tidemark that contributes to a decrease
in articular cartilage thickness."”>'” The penetration of the
vascular channels from the subchondral bone and calcified
cartilage into the deep zones of the articular cartilage permit
exchange of fluids and soluble mediators between these
tissues, providing an additional mechanism by which the
subchondral bone and articular cartilage can affect the
activity of cells within each of these tissues. These structural
alterations in the articular cartilage and periarticular bone
may also lead to modification of the contours of the adja-
cent articulating surfaces, further contributing to the adverse
biomechanical environment.'*%%1%

| STRUCTURE AND FUNCTION OF BONE, JOINTS, AND CONNECTIVE TISSUE

- = E Y
X Y K il
Figure 1-6 Representative sections of normal human adult articular cartilage, showing nearly the same field in plain (A) and polarized (B) light. Note

the clear demarcation of the articular cartilage from the calcified cartilage below the tidemark and the underlying subchondral bone. (Hematoxylin-
eosin stain; original magnification x60.) (Courtesy Edward F. DiCarlo, MD, Pathology Department, Hospital for Special Surgery, New York, N.Y.)

SYNOVIAL FLUID AND NUTRITION OF
JOINT STRUCTURES

The volume and composition of synovial fluid are deter-
mined by the properties of the synovium and its vasculature.
Fluid in normal joints is present in small quantities (2.5 mL
in the normal knee) sufficient to coat the synovial surface
but not sufficient to separate one surface from the other.
Tendon sheath fluid and synovial fluid are biochemically
similar. Both are essential for the nutrition and lubrication
of adjacent avascular structures, including tendons and
articular cartilage, and for limiting adhesion formation and
maintaining movement. Characterization and measurement
of synovial fluid constituents have proved useful for the
identification of locally generated regulatory factors, markers
of cartilage turnover, and the metabolic status of the joint,
as well as for the assessment of the effects of therapy on
cartilage homeostasis. However, interpretation of such data
requires an understanding of the generation and clearance
of synovial fluid and its various components.

GENERATION AND CLEARANCE OF
SYNOVIAL FLUID

Synovial fluid concentrations of a protein represent the net
contributions of synovial blood flow, plasma concentration,
microvascular permeability, and lymphatic removal and its
production and consumption within the joint space. Syno-
vial fluid is a mixture of a protein-rich ultrafiltrate of plasma
and hyaluronan synthesized by synoviocytes.”! Generation
of this ultrafiltrate depends on the differences between
intracapillary and intra-articular hydrostatic pressures and



between colloid osmotic pressures of capillary plasma and
synovial tissue fluid. Fenestrations (i.e., small pores covered
by a thin membrane) in the synovial capillaries and the
macromolecular sieve of hyaluronic acid facilitate rapid
exchange of small molecules, such as glucose and lactate,
assisted—in the case of glucose—by an active transport
system. Proteins are present in synovial fluid at concentra-
tions inversely proportional to molecular size, with synovial
fluid albumin concentrations being about 45% of those in
plasma. Concentrations of electrolytes and small molecules
are equivalent to those in plasma."”’

Synovial fluid is cleared through lymphatics in the
synovium, assisted by joint movement. In contrast to ultra-
filtration, lymphatic clearance of solutes is independent of
molecular size. In addition, constituents of synovial fluid,
such as regulatory peptides, may be degraded locally by
enzymes, and low-molecular-weight metabolites may diffuse
along concentration gradients into plasma. The kinetics of
delivery and removal of a protein must be determined (e.g.,
using albumin as a reference solute) to assess the signifi-
cance of its concentration in the joint."”®

Hyaluronic acid is synthesized by fibroblast-like synovial
lining cells, and it appears in high concentrations in syno-
vial fluid at around 3 g/L, compared with a plasma concen-
tration of 30 ug/L.”"' Lubricin, a glycoprotein that assists
articular lubrication, is another constituent of synovial
fluid that is generated by the lining cells.”” It is now
believed that hyaluronan functions in fluid-ilm lubrica-
tion, whereas lubricin is the true boundary lubricant in
synovial fluid (see later discussion). Because the volume of
synovial fluid is determined by the amount of hyaluronan,
water retention seems to be the major function of this large
molecule.

Despite the absence of a basement membrane, synovial
fluid does not mix freely with extra-cellular synovial tissue
fluid.” Hyaluronan may trap molecules within the synovial
cavity by acting as a filtration screen on the surface of the
synovial lining, resisting the movement of synovial fluid out
from the joint space. Synovial fluid and its constituent pro-
teins have a rapid turnover time (around 1 hour in normal
knees), and equilibrium is not usually reached among all
parts of the joint. Tissue fluid around fenestrated endothe-
lium reflects plasma ultrafiltrate most closely, with a low
content of hyaluronate compared with synovial fluid. Alter-
natively, locally generated or released peptides, such as
endothelin and substance P, may attain much higher peri-
vascular concentrations than those measured in synovial
fluid. However, the turnover time for hyaluronan in the
normal joint (13 hours) is an order of magnitude slower
than that of small solutes and proteins. Association with
hyaluronan may result in trapping of solutes within syno-
vial fluid.

In normal joints, intra-articular pressures are slightly
subatmospheric at rest (0 to =5 mm Hg). During exercise,
hydrostatic pressure in the normal joint may decrease
further. Resting intra-articular pressures in rheumatoid
joints are around 20 mm Hg, whereas during isometric exer-
cise, they may increase to greater than 100 mm Hg, well
above capillary perfusion pressure and, at times, above arte-
rial pressure. Repeated mechanical stresses can interrupt
synovial perfusion during joint movement, particularly in
the presence of a synovial effusion.
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SYNOVIAL FLUID AS AN INDICATOR OF
JOINT FUNCTION

In the absence of a basement membrane separating synovium
or cartilage from synovial fluid, measurements of synovial
fluid may reflect the activity of these tissues. A wide range
of regulatory factors and products of synoviocyte metabo-
lism and cartilage breakdown may be generated locally
within the joint, resulting in marked differences between
the composition of synovial fluid and plasma ultrafiltrate.
Because little capacity exists for the selective concentration
of solutes in synovial fluid, solutes that are present at higher
concentrations than in plasma are probably synthesized
locally. It is necessary, however, to know the local clearance
rate to determine whether the solutes present in synovial
fluid at lower concentrations than in plasma are generated
locally.”""*® Because clearance rates from synovial fluid may
be slower than those from plasma, synovial fluid levels of
drugs or urate may remain elevated after plasma levels have
declined.

Plasma proteins are less effectively filtered in inflamed
synovium, perhaps because of increased size of endothelial
cell fenestrations or because interstitial hyaluronate-protein
complexes are fragmented by enzymes associated with
the inflammatory process. Concentrations of proteins, such
as 02 macroglobulin (the principal proteinase inhibitor
of plasma), fibrinogen, and IgM, are elevated in inflamma-
tory synovial fluids (see Figure 1-7), as are associated
protein-bound cations. Membrane peptidases may limit the
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Figure 1-7 Ratio of the concentration of proteins in synovial fluid to
that found in serum, plotted as a function of molecular weight. Larger
proteins are selectively excluded from normal synovial fluid, but this
macromolecular sieve is less effective in diseased synovium. Prot. conc.,
Protein concentration; RA, rheumatoid arthritis; SF, synovial fluid. (From
Kushner I, Somerville JA: Permeability of human synovial membrane to
plasma proteins. Arthritis Rheum 14:560, 1971. Reprinted with permission
of the American College of Rheumatology.)
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diffusion of regulatory peptides from their sites of release
into synovial fluid. In inflammatory arthritis, fibrin deposits
may retard flow between the tissue and the liquid phase.

Recently, Sohn and coworkers'® analyzed synovial fluids
and sera from a small series of patients with OA and rheu-
matoid arthritis using mass spectrometry and multiplex
bead-based immunoassays. They identified more than a
hundred proteins that were increased in the synovial fluid
of patients with OA compared with healthy subjects. Of
interest, they found that more than one-third of the pro-
teins in the OA synovial fluid were plasma proteins. They
speculated that the presence of these plasma proteins in the
synovial fluid could be related to alterations in the endo-
thelial barrier associated with local inflammation in the
synovial tissue.

Gobezie and co-workers'*" utilized high-throughput mass
spectroscopy-based proteomic analysis to define the protein
expression profiles of high abundance synovial fluid proteins
in healthy subjects and in patients with early and late OA.
They identified 18 proteins that were significantly differen-
tially expressed between the osteoarthritic and control
groups. Although all of the differentially expressed proteins
were present in the blood and could therefore enter the
joint through alterations in vascular permeability associated
with the disease state, these molecules were also products
of synovial cells and chondrocytes, suggesting that they
could be locally produced within the joint. More recently,
Ritter et al.'*” utilized a more sensitive method based on gel
electrophoresis and mass spectrometry to examine the syno-
vial fluid proteome from patients with OA. They compared
the proteomic results with mRNA expression profiles of
joint tissues and demonstrated that many of the proteins
were derived from synovium or cartilage, providing direct
evidence that cells within the joint were a source of the
synovial fluid products. Proteins associated with oxidative
damage and activation of mitogen-activated protein kinases
were among the high-abundance molecules in the OA
synovial fluids. They also identified members of the pro-
inflammatory complement cascade in the synovial fluid. Of
interest, these molecules have been implicated in the
pathophysiology of both OA and rheumatoid arthritis.'®

161

LUBRICATION AND NUTRITION OF THE
ARTICULAR CARTILAGE

Lubrication

Synovial fluid serves as a lubricant for articular cartilage and
a source of nutrition for the chondrocytes. Lubrication is
essential for protecting cartilage and other joint structures
from friction and shear stresses associated with movement
under loading. There are two basic categories of joint lubri-
cation. In fluid-film lubrication, cartilage surfaces are sepa-
rated by an incompressible fluid film, and hyaluronan
functions as the lubricant. In boundary lubrication, special-
ized molecules attached to the cartilage surface permit
surface-to-surface contact while decreasing the coefficient
of friction. During loading, a noncompressible fluid film is
trapped between opposing cartilage surfaces and prevents
the surfaces from touching. Irregularities in the cartilage
surface and its deformation during compression may augment
this trapping of fluid. This stable film is approximately
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0.1-um thick in the normal human hip joint, but it can be
much thinner in the presence of inflammatory synovial
fluids or with increased cartilage porosity.”

Lubricin is the major boundary lubricant in the human
joint.” Lubricin is a glycoprotein, also called superficial
zone protein or proteoglycan 4, that is synthesized by syno-
vial cells, chondrocytes, meniscus, and tendon cells.'**1 It
has a molecular weight of 225,000, a length of 200 nm, and
a diameter of 1 to 2 nm. Dipalmitoyl phosphatidylcholine,
which constitutes 45% of the lipid in normal synovial fluid,
acts together with lubricin as a boundary lubricant. In bound-
ary lubrication, lubricin functions as a phospholipid carrier
via a mechanism that is common to all tissues and protects
the cartilage by reducing pathologic deposition of proteins
at the cartilage surface.'®® The importance of lubricin in
preserving cartilage homeostasis is illustrated by the study
of persons with loss-of-function mutations in the lubricin
gene, resulting in the camptodactyl-arthopathy-coxa vara-
pericarditis syndrome, which is associated with the develop-
ment of severe premature OA.'" Of interest, long-term
overexpression of lubricin in animal models of OA protects
against both age-related and post-traumatic OA through
inhibition of transcriptional programs that promote carti-
lage catabolism and chondrocyte hypertrophy.'®

Nutrition

As observed by Hunter in 1743,' normal adult articular
cartilage contains no blood vessels. Vascularization of car-
tilage would be expected to alter its mechanical properties.
Blood flow would be repeatedly occluded during weight
bearing and exercise, with reactive oxygen species gener-
ated during reperfusion, resulting in repeated damage to
cartilage matrix and chondrocytes. Chondrocytes synthesize
specific inhibitors of angiogenesis that maintain articular
cartilage as an avascular tissue.'™'” As a result of the lack
of adjacent blood vessels, the chondrocyte normally lives in
a hypoxic and acidotic environment, with extra-cellular
fluid pH values around 7.1 to 7.2,'™ and it uses anaerobic
glycolysis for energy production.!”™ " High lactate levels in
normal synovial fluid, compared with paired plasma mea-
surements, partially reflect this anaerobic metabolism.'™
The two sources of nutrients for articular cartilage are the
synovial fluid and subchondral blood vessels.

The synovial fluid and, indirectly, the synovial lining,
through which synovial fluid is generated, are the major
sources of nutrients for articular cartilage. Nutrients may
enter cartilage from synovial fluid either by diffusion or
by mass transport of fluid during compression-relaxation
cycles.”” Molecules as large as hemoglobin (65 kDa) can
diffuse through normal articular cartilage,'” and the solutes
needed for cellular metabolism are much smaller. Diffusion
of uncharged small solutes, such as glucose, is not impaired
in matrices containing large amounts of glycosaminogly-
cans, and diffusivity of small molecules through hyaluronate
is enhanced.'™'®

Intermittent compression may serve as a pump mecha-
nism for solute exchange in cartilage. The concept has
arisen from observations that joint immobilization or dislo-
cation leads to degenerative changes. In contrast, exercise
increases solute penetration into cartilage in experimental
systems.'”® During weight bearing, fluid escapes from the



load-bearing region by flow to other cartilage sites. When
the load is removed, cartilage re-expands and draws back
fluid, exchanging nutrients with waste materials.'™

In a growing child, the deeper layers of cartilage are
vascularized, such that blood vessels penetrate between
columns of chondrocytes in the growth plate. It is likely that
nutrients diffuse from these tiny end capillaries through the
matrix to chondrocytes. Diffusion from subchondral blood
vessels is not considered a major route for the nutrition of
normal adult articular cartilage because of the barrier
provided by its densely calcified lower layer. Nonetheless,
partial defects may normally exist in this barrier,'"” and in
arthritis, neovascularization of the deeper layers of articular
cartilage may contribute to cartilage nutrition and to entry
of inflammatory cells and cytokines.”””**!%

CONCLUSION

Normal human synovial joints are complex structures that
comprise interacting connective tissue elements that permit
constrained and low-friction movement of adjacent bones.
The development of synovial joints in the embryo is a
highly ordered process involving complex cell-cell and cell-
matrix interactions that lead to the formation of the carti-
lage anlage and interzone and joint cavitation. Understanding
of the cellular interactions and molecular factors involved
in cartilage morphogenesis and limb development has pro-
vided clues to understanding the functions of the synovium,
articular cartilage, and associated structures in the mature
joint.

The synovial joint is uniquely adapted to respond to
environmental and mechanical demands. The synovial
lining is composed of two to three cell layers, with no base-
ment membrane separating the lining cells from the under-
lying connective tissue. The synovium produces synovial
fluid, which provides nutrition and lubrication to the avas-
cular articular cartilage. Normal articular cartilage contains
a single cell type, the articular chondrocyte, which is
responsible for maintaining the integrity of the extra-
cellular cartilage matrix. This matrix consists of a complex
network of collagens, proteoglycans, and other noncollag-
enous proteins, which provide tensile strength and compres-
sive resistance. Proper distribution and relative composition
of these proteins is required for the function of cartilage in
protecting the subchondral bone from adverse environmen-
tal influences.

Maintenance of the unique composition and organiza-
tion of each joint tissue is crucial for normal joint function,
which is compromised in response to inflammation, bio-
mechanical injury, and aging. Knowledge of the normal
structure-function relationships within joint tissues is essen-
tial for understanding the pathogenesis and consequences
of joint diseases.

Full references for this chapter can be found on
ExpertConsult.com.
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CHAPTER 2

Synovium

Douglas J. Veale * Gary S. Firestein

KEY POINTS

The synovium provides nutrients to cartilage and produces
lubricants for the joint.

The intimal lining of the synovium includes macrophage-like
and fibroblast-like synoviocytes.

The sublining in normal synovium contains scattered
immune cells, fibroblasts, blood vessels, and fat cells.

Fibroblast-like synoviocytes in the intimal lining produce
specialized enzymes that synthesize lubricants such as
hyaluronic acid.

STRUCTURE

The synovium is a membranous structure that extends from
the margins of articular cartilage and lines the capsule of
diarthrodial joints, including the temporomandibular joint’
and the facet joints of vertebral bodies (Figure 2-1).> The
healthy synovium covers intra-articular tendons and liga-
ments, as well as fat pads, but not articular cartilage or
meniscal tissue. Synovium also ensheaths tendons where
they pass beneath ligamentous bands and bursas that cover
areas of stress such as the patella and the olecranon. The
synovial membrane is divided into two general regions: the
intima, or synovial lining, and the subintima, otherwise
referred to as the sublining. The intima represents the inter-
face between the cavity containing synovial fluid and the
subintimal layer. No well-formed basement membrane sepa-
rates the intima from the subintima. In contrast to the
pleura or pericardium, it is not a true lining because it lacks
tight junctions, epithelial cells, and a well-formed basement
membrane. The subintima is composed of fibrovascular con-
nective tissue and merges with the densely collagenous
fibrous joint capsule.

Synovial Lining Cells

The synovial intimal layer is composed of synovial lining
cells (SLCs), which are arrayed on the luminal aspect of the
joint cavity. SLCs, termed synoviocytes, are one to three
cells deep, depending on the anatomic location, and extend
20 to 40 um beneath the lining layer surface. The major
and minor axes of SLCs measure 8 to 12 wm and 6 to 8 pm,
respectively. The SLCs are not homogeneous and are
conventionally divided into two major populations,
namely, type A (macrophage-like) synoviocytes and type B
(fibroblast-like) synoviocytes.’

20

Ultrastructure of Synovial Lining Cells

Transmission electron microscopic analysis shows that the
intimal cells form a discontinuous layer, and thus the sub-
intimal matrix can directly contact the synovial fluid (Figure
2-2). The existence of two distinct cell types—type A and
type B SLCs—was originally described by Barland and asso-
ciates,” and several lines of evidence, including animal
models, detailed ultrastructural studies, and immunohisto-
chemical analyses, indicate that these cells represent mac-
rophages (type A SLCs) and fibroblasts (type B SLCs).
Studies of SLC populations in a variety of species, including
humans, have found that macrophages make up anywhere
from 20% and fibroblast-like cells approximately 80% of the
lining cell.”® The existence of the two cell types has been
substantiated by similar findings in a wide variety of species,
including hamsters, cats, dogs, guinea pigs, rabbits, mice,
rats, and horses.®*

Distinguishing different cell populations that form the
synovial lining requires immunohistochemistry or transmis-
sion light microscopy. At an ultrastructural level, type A
cells are characterized by a conspicuous Golgi apparatus,
large vacuoles, and small vesicles, and they contain little
rough endoplasmic reticulum, giving them a macrophage-
like phenotype (Figure 2-3A and B). The plasma membrane
of type A cells possesses numerous fine extensions, termed
filopodia, that are characteristic of macrophages. Type A
cells occasionally cluster at the tips of the synovial villi; this
uneven distribution explains, at least in part, early reports
that suggested that type A cells were the predominant
intimal cell type.*® However, the distribution is highly vari-
able and can differ depending on the joint evaluated or even
within an individual joint.

Type B SLCs have prominent cytoplasmic extensions
that extend onto the surface of the synovial lining (Figure
2-3C and D)."” Frequent invaginations are seen along the
plasma membrane, and a large indented nucleus relative to
the area of the surrounding cytoplasm is also a feature. Type
B cells have abundant rough endoplasmic reticulum widely
distributed in the cytoplasm, and the Golgi apparatus, vacu-
oles, and vesicles are generally inconspicuous, although
some cells have small numbers of prominent vacuoles at
their apical aspect. Type B SLCs are known to contain
longitudinal bundles of different-sized filaments, supporting
their classification as fibroblasts. Desmosomes and gap-like
junctions have been described in rat, mouse, and rabbit
synovium, but the existence of these structures in human
SLCs has never been documented. Although occasional
reports describe an intermediate synoviocyte phenotype, it



Figure 2-1 The cartilage-synovium junction. Hyaline articular cartilage
occupies the left half of this image, and fibrous capsule and synovial
membrane occupy the right half. A sparse intimal lining layer with a
fibrous subintima can be observed extending from the margin of the
cartilage across the capsular surface to assume a more cellular intimal
structure with areolar subintima.

Figure 2-2 Transmission electron photomicrograph of synovial intimal
lining cells. The cell on the left exhibits the dendritic appearance of a
synovial intimal fibroblast (type B cell). Other overlying fibroblast den-
drites can be observed. Intercellular gaps allow the synovial fluid to be
in direct contact with the synovial matrix.

is likely that these cells are functionally conventional type
A or B cells.'*!"

Immunohistochemical Profile of Synovial Cells

Synovial Macrophages. Synovial macrophages and fibro-
blasts express lineage-specific molecules that can be detected
by immunohistochemistry. Synovial macrophages express
common hematopoietic antigen CD45 (Figure 2-4A);
monocyte/macrophage receptors CD163 and CD97; and
lysosomal enzymes CD68 (Figure 2-4B), neuron-specific
esterase, and cathepsins B, L, and D. Cells expressing CD14,
a molecule that acts as a co-receptor for the detection of
bacterial lipopolysaccharide and is expressed by circulating
monocytes and monocytes newly recruited to tissue, are
rarely seen in the healthy intimal layer, but small numbers
are found close to venules in the subintima.'***

The Fcy receptor, FeyRIII (CD16), which is expressed by
Kupffer cells of the liver and type II alveolar macrophages
of the lung, is expressed on a subpopulation of synovial
macrophages.”””’ The synovial macrophage population also
expresses the class Il major histocompatibility complex
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(MHC) molecule, which plays an important role in the
immune response. More recently, the macrophages, which
are responsible for the removal of debris, blood, and particu-
late material from the joint cavity and possess antigen-
processing properties, have been found to express Z39lg, a
complement-related protein that is a cell surface receptor
and immunoglobulin superfamily member involved in the
induction of human leukocyte antigen, DR subregion
(HLA-DR) and implicated in phagocytosis and antigen-
mediated immune responses.”**

Expression of the B2 integrin chains CD18, CDl11a,
CD11b, and CDllc varies; CD11a and CDI11c may be
absent or weakly expressed on a few lining cells.”"** Osteo-
clasts, which are tartrate resistant and acid phosphatase
positive and express the a3 vitronectin and calcitonin
receptors, do not appear in the normal synovium.

Synovial Intimal Fibroblasts. Synovial intimal and sub-
intimal fibroblasts are indistinguishable by light microscopy.
They generally are considered to be closely related in terms
of cell lineage, but because of their different microenviron-
ments, they do not always share the same phenotype. They
possess prominent synthetic capacity and produce the
essential joint lubricants hyaluronic acid (HA) and lubri-
cin.”” Intimal fibroblasts express uridine diphosphoglucose
dehydrogenase (UDPGD), an enzyme involved in HA syn-
thesis that is a relatively specific marker for this cell type.
UDPGD converts UDP-glucose to UDP-glucuronate, one
of the two substrates required by HA synthase for assembly
of the HA polymer.”* CD44, the nonintegrin receptor for
HA, is expressed by all SLCs.”*%

Synovial fibroblasts also synthesize normal matrix com-
ponents, including fibronectin, laminin, collagens, proteo-
glycans, lubricin, and other identified and unidentified
proteins. They have the capacity to produce large quantities
of metalloproteinases, metalloproteinase inhibitors, prosta-
glandins, and cytokines. This capacity must provide essen-
tial biologic advantages, but the complex physiologic
mechanisms relevant to normal function are incompletely
delineated. Expression of selected adhesion molecules on
synovial fibroblasts probably facilitates the trafficking of
some cell populations, such as neutrophils, into the synovial
fluid and the retention of others, such as mononuclear leu-
kocytes, in the synovial tissue. Expression of metallopro-
teinases, cytokines, adhesion molecules, and other cell
surface molecules is strikingly increased in inflammatory
states.

Specialized intimal fibroblasts express many other mol-
ecules that also might be expressed by the intimal macro-
phage population or by most subintimal fibroblasts, including
decay-accelerating factor (CD55), vascular cell adhesion
molecule—1,"°"* and cadherin-11.*"** PGP.95, a neuronal
marker, might be specific for type B synoviocytes in some
species.”’ Decay-accelerating factor, which is also expressed
on many other cells (most notably erythrocytes), as well as
bone marrow cells, interacts with CD97, a glycoprotein that
is present on the surface of activated leukocytes, including
intimal macrophages, and is thought to be involved in sig-
naling processes early after leukocyte activation.** In con-
trast, FcyRIII is expressed by macrophages only when they
are in close contact with decay-accelerating factor—positive
fibroblasts or decay-accelerating factor—coated fibrillin-1
microfibrils in the extra-cellular matrix.”
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Figure 2-3 Transmission electron photomicrographs of synovial intimal macrophages (type A cells) and fibroblasts (type B cells). A, Low-powered
magnification shows the surface fine filopodia, characteristic of macrophages, and a smooth-surfaced nucleus. B, The boxed area in A is shown at a
higher magnification, revealing numerous vesicles, characteristic of macrophages. Absence of rough endoplasmic reticulum also is noted. C, The
convoluted nucleus along with the prominent rough endoplasmic reticulum (boxed area) is characteristic of a synovial intimal fibroblast (type B cell).
D, The rough endoplasmic reticulum is shown at greater magnification.
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Figure 2-4 Photomicrographs depicting synovial intimal macrophages by immunohistochemistry. Macrophages are decorated with CD45 (arrow in
A) and CD68 (B), which are markers that identify hematopoietic cells (CD45) and macrophages (CD68).



Toll-like receptors (TLRs) are also expressed on intimal
fibroblasts, including TLR2, which is activated by serum
amyloid A (among other ligands), leading to angiogenesis
and cell invasion that is mediated, at least in part, via the
Tie2 signaling pathway.**” Cadherins are a class of tissue-
restricted transmembrane proteins that play important roles
in homophilic intercellular adhesion and are involved in
maintaining the integrity of tissue architecture. Cadherin-11,
which was cloned from rheumatoid arthritis (RA) synovial
tissue, is expressed in normal synovial intimal fibroblasts but
not in intimal macrophages. Fibroblasts transfected with
cadherin-11 form a lining-like structure in vitro, which
implicates this molecule in the architectural organization of
the synovial lining.*"***® This suggestion is supported by the
observation that cadherin-deficient mice have a hypoplastic
synovial intimal lining and are resistant to inflammatory
arthritis.” When fibroblasts expressing cadherin-11 are
embedded in laminin microparticles, they migrate to the
surface and form an intimal lining—like structure.” If mac-
rophage lineage cells are included in the culture, they can
co-localize with fibroblasts on the surface. Therefore, the
organization of the synovial lining, including the distribu-
tion of type A and B cells, is orchestrated by fibroblast-like
synoviocytes.

B1 and B3 integrins are present on all SLCs, forming
receptors for laminin (CD49f and CD49b), types I and
IV collagen (CD49b), vitronectin (CD51), CD54 (a mem-
ber of the immunoglobulin superfamily), and fibronectin
(CD49d and CD49e). CD31 (platelet—endothelial cell
adhesion molecule), a member of the immunoglobulin
superfamily expressed on endothelial cells, platelets, and
monocytes, is weakly expressed on SLCs.”

Turnover of Synovial Lining Cells

Proliferation of SLCs in humans is low; when normal
human synovial explants have a labeling index of approxi-
mately 0.05% to 0.3%’" when exposed to 3H thimidine.

This labeling index bears a striking contrast to labeling
indices of approximately 50% for bowel crypt epithelium.
Similar evidence of low proliferation has been found
in the synovium of rats and rabbits. The proportion of
SLCs expressing the proliferation marker Ki67 is between
1 in 2800 and 1 in 30,000, confirming the relatively
slow rate of in situ proliferation.’” Proliferating cells are
generally synovial fibroblasts,”>** a finding consistent with
the concept that type A synovial cells are terminally dif-
ferentiated macrophages. Mitotic activity of SLCs is low
in inflammatory conditions, such as RA—a condition
associated with SLC hyperplasia. Some investigators’
have reported only rare mitotic figures in RA synovium
samples.

Apart from the knowledge that synovial fibroblasts
proliferate slowly, little is known about their natural life
span, recruitment, or mode of death. Apoptosis is likely
involved with maintaining synovial homeostasis, but cul-
tured fibroblast-like synoviocytes tend to be resistant to
apoptosis, and very few intimal lining cells display evi-
dence of completed apoptosis by ultrastructural analysis or
by labeling for fragmented DNA. The paucity of normal
synovium samples for evaluation and the rapid clearance of
apoptotic cells could confound the analysis.”
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Origin of Synovial Lining Cells

There is little doubt that the type A SLC population is
bone marrow—derived and represents cells of the mononu-
clear phagocyte system.” Studies in the Beige (bg) mouse,
which harbors a homozygous mutation that confers the
presence of giant lysosomes in macrophages, have con-
firmed the bone marrow origin of these cells.”®’’ Normal
mice with bone marrow depleted through irradiation were
rescued with bone marrow cells obtained from the bg
mouse. Electron microscopic analysis of the synovium
from recipient animals revealed that type A SLCs con-
tained the giant lysosomes of the donor bg mouse and that
these structures were never identified in type B cells. These
findings provide powerful evidence that (1) type A SLCs
represent macrophages, (2) they are recruited from the
bone marrow, and (3) they are a distinct lineage from type
B SLCs.

In addition to immunohistochemistry, several lines of
evidence support the concept that type A SLCs are recruited
from the bone marrow:

e The osteopetrotic (op/op) mouse, a spontaneously
occurring mutant that fails to produce macrophage
colony-stimulating factor because of a missense muta-
tion in the CSFI gene,”*® has low numbers of circu-
lating and resident macrophage colony-stimulating
factor—dependent macrophages, including those in the
synovium.

e Type A cells in rat synovium do not populate the
joint until after the development of synovial blood
vessels.”

e Type A SLCs are conspicuous around vessels in the
synovium in neonatal mice.’

e When synovial explants are placed in culture, the reduc-
tion in type A SLCs is explained in part by their migra-
tion into the culture medium—an observation that
reflects the process of migration of macrophages into the
synovial fluid in vivo."®!

e Macrophages constitute up to 80% of the cells found
around venules in inflammatory conditions such as RA
and are cleared rapidly (<48 hours) after successful treat-
ment but will re-accumulate from the circulation if
relapse occurs.®
Type B intimal cells represent a resident fibroblast popu-

lation in the synovial lining, but little is known about the
cells from which they derive and about how their recruit-
ment is regulated. The existence of mesenchymal stem cells
in the synovium suggests that these cells might differentiate
into the synovial lining fibroblast. To date, a specific tran-
scription factor directing mesenchymal stem cell differen-
tiation into the synovial fibroblast, similar to factors required
for commitment by this multipotential population into
bone (cbfa-1), cartilage (Sox-9), and fat (peroxisome
proliferator-activated receptor y [PPARY]), has not been
identified.

Several important signaling pathways are activated
in the inflamed synovium, including nuclear factor-xB
(NF-xB), Janus kinase/signal transducer and activator of
transcription (JAK/STAT), Notch, and hypoxia-inducible
factor 1, o subunit (HIF-1c1). NF-xB is a key transcriptional
regulator in the inflamed synovium.” NF-xB signaling is
complex and may be activated by cytokines, cell surface



24 PART 1

adhesion molecules, and hypoxia.®** NF-kB activation
could facilitate synovial hyperplasia by promoting prolifera-
tion and inhibiting apoptosis of RA fibroblast-like synovio-
cytes. One of the key roles of NF-xB is to protect RA
fibroblast-like synoviocytes against apoptosis, possibly by
countering the cytotoxicity of tumor necrosis factor (TNF)
and Fas ligand.”

JAK/STAT, Notch, and HIF-1a signaling pathways are
also evident in inflamed synovium. STAT3 expression in
the synovium correlates with synovitis and is activated by
interleukin (IL)-6° but also indirectly by TNE Notch sig-
naling pathway components are predominantly localized to
perivascular/vascular regions®” and are regulated by vascular
endothelial growth factor (VEGF) and ang2, which is con-
sistent with the role of mediation of angiogenesis by Notch
in inflammation and cancer.”*® Interestingly, hypoxia in-
duces activation of phospho (p)-STAT3/p-STAT1, NF-«xB,
and Notch in synovial cells.”” Furthermore, Notch/HIF-1o
interactions in RA synoviocytes are in part mediated
through STAT3 activation,” possibly through competition
of STAT3 with von Hippel-Lindau tumor suppressor for
binding to HIF-1a.. Although no direct link between NF-xB
and HIF-1oa has been demonstrated in the inflamed joint,
preferential activation of the canonical NF-kB pathway
occurs in RA synovial tissue obtained from patients with
more hypoxic joints.”

Subintimal Layer

SLCs are not separated from the underlying subintima
by a well-formed basement membrane composed of the
typical trilaminar structure seen beneath epithelial mucosa.
Nevertheless, most components of basement membrane
are present in the extra-cellular matrix surrounding
SLCs. These components include tenascin X, perlecan (a
heparan sulfate proteoglycan), type IV collagen laminin,
and fibrillin-1."""* Of note is the absence of laminin-5 and
integrin a3B3y2, which are components of epithelial
hemidesmosomes.”’

The subintima is composed of loose connective tissue of
variable thickness and variable proportions of fibrous/
collagenous and adipose tissue, depending on the anatomic
site. Under normal healthy conditions, inflammatory cells
are virtually absent from the subintima, apart from a sprin-
kling of macrophages and scattered mast cells.”" Human
synovial tissue is a rich source of mesenchymal stem cells,
and although it is unknown which compartment contains
this cell population, some cells have the ability to self-renew
and differentiate into bone, cartilage, and fat in vitro—a
phenomenon that reflects the ability of the cell to regener-
ate in vivo.”"

Three categories of subintima are well defined: areolar,
fibrous, and fatty/adipose types. Under the light microscope,
areolar-type subintima, the most commonly studied, gener-
ally is found in larger joints in which there is free movement
(Figure 2-5A). It is composed of fronds with a cellular
intimal lining and loose connective tissue in the subintima,
with little in the way of dense collagen fibers, and a rich
vasculature. The fibrous subintima is composed of scant,
dense, fibrous, poorly vascularized connective tissue, and it
has an attenuated layer of SLCs (Figure 2-5B). The adipose
type, which contains abundant mature fat cells and has a
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Figure 2-5 Photomicrographs of different morphologic types of syno-
vial tissue. All photomicrographs show an intimal layer of one to two cells
in depth. A, The areolar synovium is composed of villous fronds. Beneath
the intimal lining layer is cellular loose fibrovascular fatty subintima.
B, The fibrous synovium comprises dense collagenous material in the
subintimal layer. C, The subintimal layer of the fatty synovial tissue is
composed of less cellular mature adipose tissue with little collagen
deposition.

single layer of SLCs, is seen more commonly with aging and
in intra-articular fat pads (Figure 2-5C).

The subintima contains types I, III, V, and VI collagen,
glycosaminoglycans, proteoglycans, and extra-cellular
matrices, including tenascin and laminins. Integrin recep-
tors for collagens, laminin, and vitronectin are absent or
at best weakly expressed by subintimal cells. In contrast,



receptors for fibronectin (CD49d and CD49¢) are detected,
and CD44, the HA receptor, is strongly expressed in
most subintimal cells. B2 integrins are largely limited to
perivascular areas, particularly in the subintimal zone, as is

CD54.™

Subintimal Vasculature

The vascular supply to the synovium is provided by many
small vessels and is shared in part by the joint capsule,
epiphyseal bone, and other perisynovial structures. Arterio-
venous anastomoses communicate freely with the vascular
supply to the periosteum and to periarticular bone. As large
synovial arteries enter the deep layers of the synovium near
the capsule, they branch to form microvascular units in the
more superficial subsynovial layers. Precapillary arterioles
probably play a major role in controlling circulation to the
lining layer. The surface area of the synovial capillary bed
is large, and because it runs only a few cell layers deep to
the surface, it has a role in trans-synovial exchange of mol-
ecules. The intimal lining, however, is devoid of blood
vessels. While few in number, studies have shown that
vessels in the normal synovium have an intact pericyte
layer, suggesting vessel stability, in contrast to the inflamed
joint, where a mix of mature and immature vessels were
observed. Neural cell adhesion molecule (NCAM) defi-
ciency and oxidative DNA damage suggest that vessels may
remain in a plastic state even after pericyte recruitment.’®
After TNF blockade, synovial blood vessels become more
stable and resemble normal synovium.

Numerous physical factors influence synovial blood
flow. Heat promotes blood flow through synovial capillar-
ies. Exercise enhances synovial blood flow to normal joints
but may reduce the clearance rate of small molecules from
the joint space. Experiments have shown a substantial vas-
cular reserve capacity in normal articulations. Immobiliza-
tion reduces synovial blood flow, and pressure on the
synovial membrane can act to tamponade the synovial
blood supply.

Vascular endothelial lining cells express CD34 and
CD31 (Figure 2-6A). They also express receptors for the
major components of basement membrane, including
laminin and collagen IV, and the integrin receptors CD49a
(laminin and collagen receptors), CD49d (fibronectin
receptor), CD41, CD51 (vitronectin receptor), and CD61
(the B3 integrin subunit). Endothelial cells express CD44,
the HA receptor, and CD62P (P-selectin), which acts as a
receptor that supports binding of leukocytes to activated
platelets and endothelium. They are only weakly positive
in uninflamed synovium, however, for expression of CD54
(intercellular adhesion molecule-1), a receptor for B2 inte-
grins expressed by many leukocytes. The endothelial cells
of capillaries in the superficial zone of the subintima are
strongly positive for HLA-DR expression by immunohisto-
chemistry, whereas cells in the larger vessels in the deep
aspect of the membrane are negative.’’*

Hypoxia might be a key driver of endothethlial cell acti-
vation and blood vessel formation in the inflamed joint.
This theory was originally proposed in 1970,”" when a syno-
vial fluid electrode was used to demonstrate that a partial
pressure of O, in a knee joint affected by RA was
26.5 mm Hg, which was significantly lower than that in
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joints affected by osteoarthritis (42.9 mm Hg) or traumatic
effusions (63 mm Hg). This observation was supported by
studies showing increased glycolytic metabolism in the joint
suggestive of increased metabolic activity. Low pO, in the
inflammed synovial membrane was confirmed with pO,
probes, with mean levels approximately 3% compared with
normal joints at 7%.% The degree of hypoxia in synovium
affected by RA and normal synovium was inversely related
to the number of blood vessels observed and their level of
maturity. In patients responding to TNF blockade, the pO,
increased, thus improving oxygenation to a level similar to
that of normal joints.

Subintimal Lymphatics

Detailed analysis of the number and distribution of lym-
phatic vessels has been made possible by the use of the
antibody to the lymphatic vessel endothelial HA receptor
(LYVE-1) (Figure 2-6B).* This antibody is highly specific
for lymphatic endothelial cells in lymphatic vessels and
lymph node sinuses and does not react with endothelial
cells of capillaries and other blood vessels that express
CD34 and factor Vlll-related antigen. Expression of
LYVE-1 in lymphatic endothelial cells has been used as a
marker to show that lymphatic vessels are less common in
the fibrous synovium compared with areolar and adipose
variants of human subsynovial tissue. Detection of this mol-
ecule reveals that lymphatics are present in the superficial,
intermediate, and deeper layers of synovial membrane in
synovium from healthy persons or patients with osteoar-
thritis and joints affected by RA, although the number in
the superficial subintimal layer is low in normal synovium.
Little difference in the distribution and number is noted
between normal and osteoarthritis synovium, which is
characterized by lack of villous hypertrophy. Lymphatic
channels are plentiful, however, in the subintimal layer in
the presence of villous edema hypertrophy and chronic
inflammation.

Subintimal Nerve Supply

The synovium has a rich network of sympathetic and
sensory nerves. The former, which are myelinated and
detected with the antibody against S-100 protein, terminate
close to blood vessels, where they regulate vascular tone
(Figure 2-6C through E). Sensory nerves respond to pro-
prioception and pain via large myelinated nerve fibers and
via small (<5 um) unmyelinated or myelinated fibers with
unmyelinated free nerve ends (nociceptors). The latter are
immunoreactive in the synovium for neuropeptides, includ-
ing substance P, calcitonin gene-related peptide, and vaso-
active intestinal peptides.’®

FUNCTION

Synthetic and protective functions of individual synovial
cell populations are multiple and complex. The composite
synovial structure, which includes cell populations and their
products, vasculature, nerves, and the intercellular matrix,
possesses several specialized functions that are essential
for normal joint movement, synovial fluid formation, chon-
drocyte nutrition, and cartilage protection at multiple
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Figure 2-6 Photomicrographs of synovium show lymphovascular and nervous structures by immunohistochemistry. A and B, Areolar synovium
featuring thin-walled vessels are highlighted with antibody to CD31 (A), and lymphatic vessels in an inflamed synovium are highlighted with antibody
to lymphatic vessel endothelial HA receptor (LYVE-1) (B). C, Deep in the synovial subintima, close to the joint capsule, medium-sized neurovascular
bundles are present with nerves highlighted by antibody to S-100. D, Within the more superficial synovium, small nerves decorated with S-100 are
identified. E, The boxed area in D is shown at a higher magnification. The upper arrow is directed at a nerve; the lower arrow is directed at a small vessel.

anatomic locations. These functions must be preserved over
a lifetime to maintain maximal mobility and independence.
Absence of essential constituents of synovial fluid or inad-
equate cartilage protection results in early articular mal-
function, which may progress to local or generalized joint
failure.

Joint Movement

Four characteristics of the synovium are essential for joint
movement: deformability, porosity, nonadherence, and
lubrication. In a healthy person, the synovium is a highly
deformable structure that facilitates movement between



other adjacent, nondeformable structures within the joint.
This unique facility of the synovium to enable movement
between tissues rather than within tissues has been empha-
. 86 .
sized®® and can be attributed to the presence of a free surface
that allows synovial tissue to remain separated from adja-
cent tissues. The ensuing space is maintained by the pres-
ence of synovial fluid.

Deformability

The deformability of normal synovium is considerable
because it must accommodate the extreme positional range
available to the joint and its adjacent tendons, ligaments,
and capsule. When a finger is flexed, the palmar synovium
of each interphalangeal joint contracts while the dorsal
synovium expands, and as the finger extends, the reverse
mechanism occurs. This normal contraction and expansion
of synovium seems to involve a folding and unfolding com-
ponent and an elastic stretching and relaxation of the tissue.
During repeated rapid movement, the synovial lining
cannot be pinched between cartilage surfaces and for it to
successfully retain its integrity and the integrity of synovial
blood vessels and lymphatics. Deformability also limits the
extent of synovial ischemia-reperfusion injury during joint
motion by maintaining a relatively low intra-articular
pressure.

Porosity

The synovial microvasculature and the intimal lining must
be porous to permit robust diffusion of nutrients to cartilage.
The structure of the intimal lining is ideal for this require-
ment because of the relatively disorganized basement mem-
brane and lack of tight junctions. Plasma components freely
diffuse into the intra-articular space, and most plasma com-
ponents, including proteins, are present in synovial fluid at
about one-third to one-half the plasma concentration.

Nonadherence

The third important characteristic of the synovium that
facilitates joint movement is its nonadherence to opposing
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surfaces. Intimal cells on the synovial surface adhere to
underlying cells and matrix but do not adhere to opposing
synovial and cartilage surfaces. The mechanism that pre-
serves this phenomenon of nonadherence is unknown and
might involve the arrangement of cell surface and tissue
matrix molecules, such as collagen, fibronectin, and HA.
Alternatively, nonadherence may result in part from regular
movement of the normal synovial lining.

Lubrication

The fourth characteristic of synovium that is essential for
joint motion is an efficient lubrication mechanism to facili-
tate movement of cartilage on cartilage. The mechanisms
of joint lubrication are complex and are an integral compo-
nent of synovial physiology. In an articulating joint, carti-
lage is subjected to numerous compressive and frictional
forces every day. Friction and wear can never be eliminated
from a functioning joint. Adult chondrocytes do not nor-
mally divide in vivo, and damaged cartilage has limited
capacity for self-repair. For a joint to maintain its function
throughout a lifetime of use, protective biologic mecha-
nisms, such as lubrication, help minimize wear and damage
that result from normal daily activities. Synovial membrane
may also contribute to concentration of lubricants in syno-
vial fluid, because it is a semi-permeable membrane. These
functions have recently been replicated by a polytetrafluo-
roethylene membrane that can be used in a bioreactor
system to modulate lubricant retention in bioengineered
synovial fluid. Synoviocytes adherent to such membranes
may serve as a source of lubricant and a barrier for lubricant
transport.”” Furthermore, cytokines can stimulate normal
lubricant production 40- to 80-fold in such bioreactor
systems (Figure 2-7).%

Boundary lubrication refers to the protective effect of par-
ticular lubricating molecules adsorbing to a surface and
repelling its opposing interface.” Bearing surfaces must gen-
erate a mutual repulsion to be lubricated in the boundary
mode. Boundary lubricants exert their effects by changing
the physicochemical characteristics of a surface, and they
reduce articular friction and wear by providing a smooth
and slippery coating. Friction is reduced by an interposed

IL-1B
TGF-B1

Medium

TNF

Normal SF

M <1 MDa (% of total HA)

@ 1-3 MDa (% of total HA)

H >3 MDa (% of total HA)

Figure 2-7 The molecular size of synovial fluid hyaluronic acid (HA) (Normal SF), supernatants of cultured synoviocytes (Medium), and synoviocytes
stimulated with IL-13, TGF-B1 TNF. Note that cells stimulated with the cytokine cocktail closely approximate HA of normal SF compared with control
cells, with high molecular weight species that promote a low friction environment. (Data from Blewis ME, Lao BJ, Schumacher BL, et al: Interactive cytokine
regulation of synoviocyte lubricant secretion. Tissue Eng Part A 16:1329-1337, 2010.)




film of protective fluid that allows one surface to ride freely
over another. The cartilage matrix is integral to this phe-
nomenon because it is fluid filled and compressible. Loaded
cartilage extrudes lubricant fluid from its surface, and
expressed fluid contributes to the separation of the two
articulating surfaces. Scanning electron microscopy has
shown a continuous film of fluid, only 100 nm thick, that
separates one surface from the other, preventing direct abra-
sive contact.” This ultrathin coating of lubricant resists
distraction of the two articulating surfaces, enhancing joint
stability. In healthy joints, another essential advantage
of an intra-articular lubrication system is the effective
prevention of pinching of adjacent, well-vascularized syno-
vial membrane, a feature that is lost in the inflamed joint
in which synovial membrane adheres to the cartilage
surface.

Hyaluronic Acid. HA, a high-molecular-weight polysac-
charide, is a major component of synovial fluid and carti-
lage.”" It is produced in large amounts by mechanosensitive,
fibroblast-like synoviocytes.”””” HA, which has three mam-
malian forms designated HAS1, HAS2, and HAS3,” is
synthesized by HA synthase at the plasma membrane and
is extruded directly into the extra-cellular compartment.
HA synthase activity and HA secretion are stimulated
by pro-inflammatory cytokines, including IL-1p and TGEF-
B.”27>% Interestingly, although the levels of cytokines are
increased in arthritic joints, the synovial fluid concentra-
tion of HA decreases.”” HA is also synthesized by many
other skeletal cells and is an important component of extra-
cellular matrices. It is simultaneously a solid phase matrix
element of cartilage and other tissues and a fluid phase
element in the synovial space under normal and abnormal
conditions.

HA has many biologic functions, which include effects
on cell growth, migration, and adhesion. The regulatory
role of HA is mediated through HA-binding proteins and
receptors, including CD44, which are present on the cell
surfaces of chondrocytes, lymphocytes, and other mono-
nuclear cell populations. HA plays a crucial role in morpho-
genesis and in wound healing. HA also is a vital structural
component of the synovial lining, and it has an essential
role in the induction of joint cavitation during embryogen-
esis. HA, which is produced by synovium, was originally
thought to be primarily a joint lubricant, and it is generally
accepted that it plays a major physiologic role in maintain-
ing synovial fluid viscosity. HA is important in normal
joint function, not least through its capacity to provide
effective shock absorption. It has been suggested that HA
is a particularly important viscohydrodynamic lubricant at
low-load interfaces, such as synovium-on-synovium and
synovium-on-cartilage.” Synovial fluid HA, acting in com-
bination with albumin, has a role in the attenuation of fluid
loss from the joint cavity, particularly during periods of
increased pressure, which can occur during sustained joint
flexion.” "

Lubricin. Compelling evidence suggests that lubricin,
which was first described in the 1970s,' is the factor pri-
marily responsible for boundary lubrication of diarthrodial
joints.'” Lubricin, a large secreted, mucin-like proteoglycan
with an apparent molecular weight of 280 kDa, is a product
of the gene proteoglycan 4 (PRG4). It is a major component
of synovial fluid and is present at the cartilage surface.
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The gene is highly expressed by human synovial fibroblasts
and by superficial zone chondrocytes.'™ Lubricin is
closely related to superficial zone protein, megakaryocyte-
stimulating factor, and hemangiopoietin, which are encoded
by the same gene but can differ in terms of post-translational
modification. Superficial zone protein is expressed by SLCs
and by superficial zone chondrocytes at the cartilage surface
but not by intermediate or deep zone chondrocytes.'” It has
been suggested that lubricin may bind to the much longer
hyaluronate polymers, distributing shear stress and stabiliz-
ing essential lubricant molecules.'®

In an experimental model, lubricin seemed to have mul-
tiple functions in articulating joints and tendons, including
protection of cartilage surfaces from protein deposition and
cell adhesion and inhibition of synovial cell overgrowth.'"”
Prg47~ mice, which were consistently normal at birth,
showed progressive loss of superficial zone chondrocytes and
increasing synovial cell hyperplasia (Figure 2-8). The essen-
tial role of lubricin in maintaining joint integrity was shown
by the identification of disease-causing mutations in patients
with the autosomal-recessive disorder camptodactyly—
arthropathy—coxa vara—pericarditis (CACP) syndrome.'®
CACP is a large joint arthropathy associated with the
absence of lubricin from synovial fluid and ineffective
boundary lubrication provided by the synovial fluid (Figure
2-9).1%1% In other studies of lubricin biology and joint
integrity, experimental injury resulted in reduced synovial
fluid lubricin concentrations, decreased boundary lubricat-
ing ability, and increased cartilage matrix degradation, each
of which could be attributed to trauma-induced inflamma-
tory processes.'*!

Other investigators have argued against the primacy of
lubricin in joint lubrication by proposing that surface-active
phospholipid, which is also secreted by intimal fibroblasts,
is the essential boundary lubricant that reduces cartilage
friction to remarkably low levels.'"” It was hypothesized that
lubricin acts as the carrier of surface-active phospholipid to
articular cartilage but is not the lubricant per se, a function
that is similar to that of the well-characterized alveolar
surfactant binding proteins in the lung.

Synovial Fluid Formation

In healthy people a constant volume of synovial fluid is
important during joint movement as a cushion for synovial
tissue and as a reservoir of lubricant for cartilage. Many of
the soluble components and proteins in synovial fluid exit
the synovial microcirculation through pores or fenestrations
in the vascular endothelium, then diffuse through the inter-
stitium before entering the joint space. Synovial fluid is in
part a filtrate of plasma to which additional components,
including HA and lubricin, are added and removed by the
SLCs (Figure 2-10). As noted earlier, concentrations of
electrolytes and small molecules in synovial fluid are similar
to those in plasma. Synovial permeability to most small
molecules is determined by a process of free diffusion
through the double barrier of endothelium and interstitium,
limited mainly by the intercellular space between SLCs. For
most small molecules, synovial permeability is inversely
related to the dimensions of the molecule.

Experimental evidence suggests that the exchange of
small solutes is determined predominantly by the synovial
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Figure 2-8 Clinical appearance and radiographic changes in Prg4”~ mice. A and B, Photographs of the hind paws of 6-month-old Prg4”~ (A) and
wild-type (B) mice. Note the curved digits in the mutant mouse and swelling at the ankle joint. C and D, Radiographs of the ankle joint of 9-month-old
wild-type (C) and Prg4”~ mice (D). Structures corresponding to the tibia (t) and talus (ta) are indicated. Note the calcification of structures adjacent to
the ankle (arrows in D). E, Lateral knee radiograph of a 4-month-old wild-type mouse. Structures corresponding to the patella (p), femoral condyle (f),
tibial plateau (t), and fibula (fib) are indicated. F, Lateral knee radiograph of a 4-month-old Prg4”~ mouse. Note the increased joint space between the
patella and femur (arrow) and osteopenia of the patella, femoral condyles, and tibial plateau. G, Shoulder radiograph of a 4-month-old wild-type
mouse. Structures corresponding to the humeral head (h), glenoid fossa of the scapula (s), and lateral portion of the clavicle (c) are indicated.
H, Shoulder radiograph of a 4-month-old Prg4”~ mouse. Note the increased joint space between the humerus and scapula (arrow) and osteopenia of
the humeral head. (From Rhee DK, Marcelino J, Baker M, et al: The secreted glycoprotein lubricin protects cartilage surfaces and inhibits synovial cell over-
growth. J Clin Invest 115:622-631, 2005.)
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Figure 2-9 Clinical features of camptodactyly-arthropathy-coxa vara—pericarditis (CACP) syndrome. A, The characteristic deformity of the hands is
shown. B, A chest radiograph shows an enlarged cardiac outline caused by pericarditis. C, radiograph of the pelvis highlights coxa vara in a boy with
CACP. (B and C, Courtesy Ronald Laxer, MD, Hospital for Sick Children, Toronto, Ontario, Canada.)



	Kelley and Firestein's Textbook of Rheumatology, 2-Volume Set
	Copyright Page
	Dedication
	Acknowledgement
	Contributors
	Preface
	1 Biology of the Normal Joint
	Key Points
	Classification of Joints
	Developmental Biology of the Diarthrodial Joint
	Interzone Formation and Joint Cavitation
	Cartilage Formation and Endochondral Ossification
	Condensation and Limb-Bud Formation
	Molecular Signals in Cartilage Morphogenesis and Growth Plate Development
	Endochondral Ossification

	Development of the Joint Capsule and Synovium
	Development of Nonarticular Joints
	Development of Articular Cartilage
	Organization and Physiology of the Mature Joint
	Synovium
	Synovial Lining
	Synovial Vasculature
	Regulation of Synovial Blood Flow

	Joint Innervation
	Tendons
	Ligaments
	Bursae
	Menisci
	Mature Articular Cartilage
	Subchondral Bone
	Synovial Fluid and Nutrition of Joint Structures
	Generation and Clearance of Synovial Fluid
	Synovial Fluid as an Indicator of Joint Function
	Lubrication and Nutrition of the Articular Cartilage
	Lubrication
	Nutrition

	Conclusion
	Selected References
	References

	2 Synovium
	Key Points
	Structure
	Synovial Lining Cells
	Ultrastructure of Synovial Lining Cells
	Immunohistochemical Profile of Synovial Cells
	Synovial Macrophages.
	Synovial Intimal Fibroblasts.

	Turnover of Synovial Lining Cells
	Origin of Synovial Lining Cells

	Subintimal Layer
	Subintimal Vasculature
	Subintimal Lymphatics
	Subintimal Nerve Supply


	Function
	Joint Movement
	Deformability
	Porosity
	Nonadherence
	Lubrication
	Hyaluronic Acid.
	Lubricin.


	Synovial Fluid Formation
	Chondrocyte Nutrition

	Conclusion
	References

	3 Cartilage and Chondrocytes
	Key Points
	Cartilage Structure
	Structure-Function Relationships of Cartilage Matrix Components
	Cartilage Collagens
	Cartilage Proteoglycans
	Other Extra-cellular Matrix and Cell Surface Proteins

	Structure, Classification, and Normal Function of Chondrocytes
	Structure
	Classification: Cell Origin and Differentiation
	Normal Function of the Adult Articular Chondrocyte

	Culture Models for Studying Chondrocyte Metabolism
	Articular Chondrocytes
	Cartilage Explant Organ Cultures
	Monolayer Cultures
	Three-Dimensional Culture Systems


	Interactions of Chondrocytes with the Extra-cellular Matrix
	Integrins
	Other Cell Surface Receptors in Chondrocytes

	Angiogenic and Antiangiogenic Factors
	Roles of Growth and Differentiation Anabolic Factors in Normal Cartilage Metabolism
	Insulin-like Growth Factor
	Fibroblast Growth Factor
	TGF-β/BMP Superfamily
	Transforming Growth Factor-β
	Bone Morphogenetic Proteins

	Receptors, Signaling Molecules, and Antagonists that Mediate Chondrocyte Responses to Growth and Differentiation Factors

	Role of the Chondrocyte in Cartilage Disease
	Cartilage Matrix?Degrading Proteinases
	Balance of Cytokines in Cartilage Destruction
	Interleukin-1 and Tumor Necrosis Factor
	Cytokine Networks
	Other Mediators

	Cytokine Signaling Pathways Involved in Cartilage Metabolism

	Role of the Chondrocyte in Cartilage Repair
	Aging of Articular Cartilage
	Aging Chondrocyte
	Markers of Cartilage Matrix Degradation and Turnover
	Repair of Articular Cartilage

	Conclusion
	Selected References
	References

	4 Biology, Physiology, and Morphology of Bone
	Key Points
	Structure and Composition of Bone
	Bone Matrix
	Bone Cells: Osteoblasts
	Bone Cells: Osteocytes
	Bone Cells: Osteoclasts
	Bone Remodeling Process
	Direct Interactions between Osteoblasts and Osteoclasts
	Bone Remodeling by the Immune System
	Systemic Control of Bone Remodeling by Neuroendocrine Mechanisms


	Conclusion
	References

	5 Muscle
	Key Points
	Structure
	Muscle Tissue
	Fiber Types

	Events during Muscle Contraction
	Neural Control
	Neuromuscular Transmission
	Excitation-Contraction Coupling
	Contractile Apparatus
	Force Generation and Shortening
	Relaxation

	Transmission of Force to the Exterior
	Cell-Matrix Adhesions
	Myotendinous Junction

	Energetics
	Buffering of Adenosine Triphosphate Concentration
	Glycolysis
	Oxidative Phosphorylation

	Fatigue and Recovery
	Plasticity
	Adaptation to Muscle Use/Disuse
	Hormonal Control

	Aging
	Conclusion
	References

	6 Biomechanics
	Key Points
	Kinematics
	Kinetics
	Joint Biomechanics
	Joint Constraint and Stability
	Mechanical Loading on Tendon
	References

	7 Regenerative Medicine and Tissue Engineering
	Key Points
	Intrinsic Repair Mechanisms
	Genetic Basis of Tissue Repair
	Signaling Pathways
	Transforming Growth Factor-β/Bone Morphogenetic Protein Signaling
	Fibroblast Growth Factor Signaling
	Wnt Signaling
	Growth Hormone/Insulin-like Growth Factor Axis

	Stem Cell Niches
	Targeting Homeostasis of the Joint
	Cellular and Molecular Mechanisms of the Homeostatic Response
	Immediate Molecular Response.
	Activation and Attraction of Mesenchymal Progenitors.
	Patterning and Differentiation.



	Extrinsic Repair: Current Therapeutic Interventions
	Joint Surface Defects
	Autologous Chondrocyte Transplantation
	Stem Cell?Based Approaches
	Osteochondral Repair

	Bone Regeneration
	Regeneration of Other Joint-Related Structures
	Menisci
	Tendons


	Regenerative Medicine and Tissue Engineering in Arthritis
	Conclusion
	Selected References
	References

	8 Proteinases and Matrix Degradation
	Key Points
	Extra-cellular Matrix?Degrading Proteinases
	Aspartic Proteinases
	Cysteine Proteinases
	Serine Proteinases
	Neutrophil Elastase and Cathepsin G
	Mast Cell Chymase and Tryptase
	Plasmin and Plasminogen Activators
	Kallikreins

	Metalloproteinases
	Matrix Metalloproteinases
	Secreted-Type Matrix Metalloproteinases
	Collagenases MMP-1, MMP-8, and MMP-13.
	Gelatinases MMP-2 and MMP-9.
	Stromelysins MMP-3 and MMP-10.
	Matrilysins MMP-7 and MMP-26.
	Furin-Activated Matrix Metalloproteinases MMP-11 and MMP-28.
	Other Secreted-Type Matrix Metalloproteinases MMP- 12, MMP-19, MMP-20, MMP-21, and MMP-27.

	Membrane-Anchored Matrix Metalloproteinases
	ADAM and ADAMTS Families


	Endogenous Proteinase Inhibitors
	α2 Macroglobulin
	Inhibitors of Serine Proteinases
	Inhibitors of Cysteine Proteinases
	Tissue Inhibitors of Metalloproteinases

	Regulation of Proteinase Activity
	Gene Expression of Proteinases and Inhibitors
	Matrix Metalloproteinases and Tissue Inhibitors of Metalloproteinases
	Serine Proteinases and Their Inhibitors
	Lysosomal Cysteine and Aspartic Proteinases

	Activation Mechanisms of the Zymogens of Matrix Metalloproteinases
	Extra-cellular Activation
	Intra-cellular Activation
	Pericellular Activation

	Pericellular Docking and Recycling of Matrix Metalloproteinases

	Joint Destruction and Proteinases
	Degradation of Extra-cellular Matrix in Articular Cartilage
	Cartilage Destruction by Proteinases in Rheumatoid Arthritis
	Bone Resorption in Rheumatoid Arthritis
	Cartilage Destruction by Proteinases in Osteoarthritis

	References

	9 Dendritic Cells
	Key Points
	Dendritic Cell Subsets
	Conventional Dendritic Cells
	Tissue Resident cDCs
	Langerhans Cells.
	Dermal Dendritic Cells.
	CD14+ Dendritic Cells.

	CD1a+ Dermal DCs.

	Circulating Dendritic Cells
	CD1c+/BDCA-1+ Dendritic Cells.
	CD141++/BDCA-3+ Dendritic Cells.

	Inflammatory Monocyte-Derived Dendritic Cells
	Plasmacytoid DCs
	Lymphoid Tissue?Associated Dendritic Cells


	Dendritic Cell Development
	Dendritic Cell Maturation
	Phagocytosis and Autophagy
	Homeostatic Maturation
	Pattern-Recognition Receptors and Dendritic Cell Maturation
	Dendritic Cell Maturation and Toll-like Receptors.
	C-Type Lectin Receptors.
	Nod-like and Retinoic Acid-Inducible Gene I?like Receptors.
	Fc Receptors.
	Apoptotic Cell Recognition Receptors.


	Antigen Presentation
	Class I Major Histocompatibility Complex Antigen Presentation
	Class I Cross-Presentation.

	Class II Major Histocompatibility Complex Antigen Presentation
	Class II Cross-Presentation.

	Lipid Presentation

	T Cell Activation
	B Cell Activation
	Natural Killer Cell Activation

	Dendritic Cells and Tolerance
	Central Tolerance
	Peripheral Tolerance

	Autoimmunity
	Dendritic Cells in Psoriasis
	Dendritic Cells in Systemic Lupus Erythematosus
	Dendritic Cells in Rheumatoid Arthritis
	Dendritic Cells in Sjögren’s Syndrome

	Conclusions and Future Directions
	Inflammation Resolution
	Immune Response Activation and Co-stimulation
	Vaccines and Cellular Immunotherapy

	Selected References
	References

	10 Mononuclear Phagocytes
	Key Points
	Overview
	Life History and Heterogeneity Macrophages, Dendritic Cells, and Osteoclasts
	Mobilization of Mononuclear Phagocytes
	Recognition
	Toll-Like Receptors
	Non?Toll-Like Receptors
	Complement Receptors
	Fc Receptors
	Cytosolic Receptors
	Damage/Danger-Associated Molecular Patterns

	Responses and Modulation
	Phagocytosis and Endocytosis: Antigen Processing
	Signaling
	Efferent Pathways: Gene Expression and Secretion

	Macrophage Plasticity
	Relevance to Selected Rheumatic Diseases

	Issues for Further Investigation
	Selected References
	References

	11 Neutrophils
	Key Points
	Neutrophil Development, Morphology, and Content
	Neutrophil Myelopoiesis and Clearance
	Neutrophil Morphology and Contents
	Primary Granules
	Secondary Granules
	Gelatinase Granules and Secretory Vesicles


	Neutrophil Activation and Signal Transduction
	Stimuli and Receptors
	Guanosine Triphosphate?Binding Proteins
	Second Messengers
	Kinases and Kinase Cascades

	Neutrophil Function
	Adhesion
	Selectins and Sialylated Glycoproteins
	Integrins and Intercellular Adhesion Molecules

	Diapedesis and Chemotaxis
	Diapedesis
	Chemotaxis

	Phagocytosis and Degranulation
	Phagocytosis
	Degranulation

	Respiratory Burst
	Nonphagocytic Mechanisms of Neutrophil Action
	Neutrophil Extra-cellular Traps
	Microparticles

	Neutrophil Production of Pro-inflammatory Mediators
	Arachidonic Acid Metabolites
	Cytokine Production

	Role of Neutrophils in Thrombosis
	Resolution of Neutrophil Infiltration
	Resolvins
	Lipoxins
	Other Inflammation-Resolving Molecules
	Role of Apoptotic Neutrophils in Resolving Inflammation


	Heritable Disorders of Neutrophil Function
	Diseases of Diminished Neutrophil Number
	Leukocyte Adhesion Deficiencies
	Granule Defects
	Oxidase Deficiencies?Chronic Granulomatous Disease
	Defects of TLR Signaling

	Neutrophil Relevance to Rheumatic Disease
	Neutrophil-Mediated Tissue Destruction
	Neutrophil Fc Receptor Polymorphisms
	Gout
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus
	Vasculitis
	Neutrophilic Dermatoses and Familial Mediterranean Fever
	Effects of Anti-rheumatic Agents on Neutrophil Functions
	Glucocorticoids
	Disease-Modifying Anti-rheumatic Drugs
	Colchicine
	Biologic Agents


	Conclusion
	Selected References
	References

	12 T Lymphocytes
	Key Points
	T Cell Development
	Abnormalities of Human T Cell Development

	Peripheral Migration and Homeostatic Proliferation of T Cells
	Activation of T Cells
	TCR and Tyrosine Kinases
	Adaptor Proteins
	Downstream Transcription Factors
	Co-Stimulation
	The Immunologic Synapse
	Tolerance and Control of Autoreactive T Cells

	T Cell Subsets
	CD4+ Helper and CD8+ Cytolytic T Cells
	T Cells in the Innate Immune Response
	γδ T Cells
	Natural Killer T Cells
	Naïve Versus Memory T Cells
	T Helper Subsets
	Molecular Mimicry
	Death of T cells
	T Cells at Sites of Inflammation

	References

	13 B Cells
	Key Points
	Immunoglobulins: Structure and Function
	Immunoglobulin Heavy Chain Constant Region
	Immunoglobulin M
	Immunoglobulin G
	Immunoglobulin A
	Immunoglobulin E
	Immunoglobulin D

	Light Chains
	Immunoglobulin Variable Region
	Generation of Immunoglobulin Diversity


	B Cell Development
	Niches for Human B Lymphopoiesis
	B Cell Ontogeny
	Pro-B Cells
	Pre-B Cells
	Immature B Cells

	Peripheral Naïve B Cell Subsets
	Transitional B Cells
	BAFF Family of Cytokines
	Mature B Cells
	Marginal Zone B Cells
	B1 Cells


	Sites of B Cell Homing and Activation
	Circulation and Homing
	Mucosa-Associated Compartments

	B Cell Activation and Differentiation
	B Cell Receptor Signaling
	Surface Co-Receptors
	FcγRllB
	CD5
	CD72
	PIR
	PD-1

	Phosphatases
	Signal Transduction in Immature versus Mature B Cells
	B Cell Activation
	B1 Cell Activation
	Marginal Zone B Cell Activation
	Follicular B Cell Activation

	Germinal Centers
	Ectopic Lymphoid Structures
	B Cell Differentiation
	Memory B Cells
	Plasma Cells

	Trafficking of Postimmune Cells
	Nonconventional B Cell Activation
	Mucosal T?Independent Class Switch Recombination

	Repertoire Selection
	Tolerance
	Receptor Editing
	Deletion
	Anergy

	B Cells as Immune Regulators
	Regulation by Small Molecules
	Vitamin D
	Estrogens
	Leptin


	B Cell?Mediated Autoimmunity
	Origin of Autoreactive B Cells
	Autoreactivity in the Preimmune B Cell Repertoire
	Autoreactivity in the Postimmune B Cell Repertoire
	Molecular Triggers of Autoimmunity
	Molecular Mimicry
	Supraoptimal B Cell Co-Stimulation
	B Cell Signaling Thresholds


	Conclusion
	Selected References
	References

	14 Fibroblasts and Fibroblast-like Synoviocytes
	Key Points
	What Is a Fibroblast?
	Fibroblast Identity and Microenvironments
	Embryologic Origins
	Origins of Fibroblasts in Tissue
	Fibroblasts versus Mesenchymal Progenitor Cells


	Physiologic Characteristics and Functions of Fibroblasts
	Production of ECM Components
	Attachment to and Interaction with Extra-cellular Matrix
	Integrins
	Syndecans
	Immunoglobulin Superfamily Receptors
	Cadherins
	Adhesion Molecule-Mediated Signaling

	Degradation of Extra-cellular Matrix by Fibroblasts
	Fibroblasts as Innate Immune Sentinels
	Role of Specialized Fibroblast Subsets within Tissue Microenvironments
	Fibroblast-like Synoviocytes in the Normal Synovium

	Fibroblasts in Rheumatic Diseases
	Role of Fibroblasts in Persistent Inflammation

	Fibroblast-Like Synoviocytes in Rheumatoid Arthritis
	Persistent Activated Fibroblast Phenotype in the Rheumatoid Arthritis Synovium
	Interactions of Fibroblasts with Leukocytes
	Recruitment of Inflammatory Infiltrates into the Joint
	Fibroblast Support for Leukocyte Survival
	Fibroblast-Mediated Retention of Leukocytes in Tissue
	Constitutive Chemokines and Lymphoid Neogenesis

	Role of Fibroblast Subsets in Disease
	Epigenetic Regulation of Fibroblast Gene Expression in Rheumatic Disease
	MicroRNAs and Fibroblast-like Synoviocytes

	Lessons Learned from Cancer

	Conclusion
	Selected References
	References

	15 Mast Cells
	Key Points
	Basic Biology of Mast Cells
	Development and Tissue Distribution
	Mast Cell Heterogeneity: Common Progenitor, Multiple Subsets, and Phenotypic Plasticity
	Stem Cell Factor
	T Lymphocytes and Other Cells
	Different Functions for MCT and MCTC Mast Cells

	Mast Cell Activation
	Immunoglobulin E
	Immunoglobulin G and Immune Complexes
	Soluble Mediators and Cell-Cell Contact
	Danger and Injury
	Inhibitory Signals for Mast Cells

	Mast Cell Mediators
	Granule Contents: Proteases, Amines, Proteoglycans, and Cytokines
	Tryptase.
	Chymase.
	β-Hexosaminidase.
	Vasoactive Amines.
	Heparin and Chondroitin Sulfate E.
	Pre-Formed Cytokines and Chemokines.

	Newly Synthesized Mediators: Lipid Mediators, Cytokines, Chemokines, and Growth Factors
	Lipid Mediators.
	Cytokines, Chemokines, and Growth Factors.



	Role of Mast Cells in Health and Disease
	Mast Cells in Allergic Disease: Anaphylaxis, Allergic Disease, and Asthma
	Mast Cells in Nonallergic Inflammation
	Pathogen Defense: Mast Cells as Sentinels of Innate Immunity
	Mast Cells and the Adaptive Immune Response
	Neurogenic Inflammation
	Autoimmune Disease

	Mast Cells as Anti-Inflammatory Cells
	Mast Cells and Connective Tissue
	Wound Healing and Tissue Fibrosis
	Bone
	Angiogenesis

	Mast Cells in Arthritis
	Mast Cells in Acute Arthritis: Insights from Animal Models
	Mast Cells in Chronic Arthritis

	Therapeutic Potential of Mast Cell Antagonism in Rheumatic Disease
	Mast Cell Protease Inhibition
	SCF/c-Kit Antagonism
	Signaling Pathways


	Conclusion
	Selected References
	References

	16 Platelets
	Key Points
	Platelet Structure
	Platelet Production
	Platelets and Hemostasis
	Signaling Pathways in Platelet Activation
	The Platelet as an Inflammatory Cell
	Platelets and Rheumatic Diseases
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus
	Other Rheumatic Diseases

	Conclusion
	Selected References
	References

	17 Innate Immunity
	Key Points
	Evolutionary Origins of Innate Immunity
	Pathogen Recognition by the Innate Immune System
	Pamps and Damps: Patterns for Innate Immune Recognition
	Pathogen-Associated Molecular Patterns
	Pattern Recognition Receptors
	Pattern Recognition Receptors of the Lectin Family
	Pattern Recognition Receptors of the Scavenger Receptor Family
	Pattern Recognition Receptors with Leucine-Rich Repeat Domains
	Toll-Like Receptors.
	Toll-Like Receptor 4 and the Response to Lipopolysaccharide.
	Other Pathogen-Associated Molecular Patterns Recognized by Toll-Like Receptors.
	CARD and Pyrin Domain Proteins.



	Effector Mechanisms of Innate Immune Responses
	Cell Types Mediating Innate Immunity
	Innate-like Lymphocytes
	Anti-microbial Peptides

	Influence of Innate Mechanisms on Adaptive Immunity
	Disease Associations Involving Innate Immunity
	Future Directions
	Connection to the Clinic
	References

	18 Adaptive Immunity and Organization of Lymphoid Tissues
	Key Points
	Lymphocyte Migration Paradigms for Homing, Interstitial Navigation, and Egress
	Multistep Paradigm for Extravasation
	Tissue Organization and Interstitial Migration
	Immunologic Synapses Maintain Antigen-Specific Interactions with Dendritic Cells
	Egress from Lymph Nodes and the Thymus: Sphingosine 1 Phosphate

	Primary Lymphoid Tissues: Sites Where T and B Cells are Generated and Self-Tolerance Mechanisms are Initiated
	B Cell Development in the Bone Marrow
	T Cell Development in the Thymus

	Secondary Lymphoid Tissues: Sites Where Antigen Finds Rare Specific T and B Cells
	Antigens from Blood Are Detected Most Efficiently in the Spleen and Liver Portal System
	Antigens from Mucosal Surfaces Are Detected Most Efficiently in Peyer’s Patches and Mesenteric Lymph Nodes
	Antigens from Other Tissues and Solid Organs Are Detected in Peripheral Lymph Nodes
	Peripheral Tolerance Induction under Steady-State Conditions
	Regulatory T Cells Reduce Autoreactivity by Inhibiting Immunologic Synapse Formation
	Changes in the Lymph Node during Infection/Vaccination
	Tissue Environment of Immature Dendritic Cells Determines T Cell Imprinting
	Germinal Center Reactions: Sites of Antibody Affinity Maturation and Class Switch Recombination

	Tertiary Lymphoid Tissues are Generated at Sites of Chronic Inflammation
	Five Major Types of Effector T Cells
	Conclusion
	References

	19 Autoimmunity
	Key Points
	Definition and Classification of Pathogenic Autoimmunity
	Animal Models of Autoimmunity
	Tolerance Mechanisms
	Clone-Specific Self/Nonself Recognition
	The Innate System and Tolerance
	T Cell Tolerance
	B Cell Tolerance

	Theories of Autoimmunity
	Defective Tolerance
	Autoimmunity Caused by Activation of Intolerant or Partially Tolerant T Cells

	Immunologic Mechanisms of Tissue Inflammation and Dysfunction
	Pathophysiology of Autoimmune Rheumatic Diseases
	Genetics of Autoimmune Diseases
	Gender and Autoimmunity
	Microbial and Other Environmental Triggers
	Conclusion
	Selected References
	References

	20 Metabolic Regulation of Immunity
	Key Points
	Overview
	Metabolic Rewiring in Innate Immunity
	Macrophage Metabolism
	Dendritic Cell Metabolism

	Metabolic Rewiring in Adaptive Immunity
	T Cell Metabolism
	T Cell Activation
	T Cell Differentiation

	B Cell Metabolism

	Mitochondria and Immunity
	Mitochondria and NOD-Like Receptor Signaling
	Mitochondria and RIG-I-Like Signaling
	Mitochondria and Toll-Like Receptor Signaling
	Mitochondria as a Source of Danger Signals

	Metabolic Interplay in the Immune Microenvironment
	Metabolic Antagonism in Immunity
	Metabolic Symbiosis in Immunity

	Conclusion
	References

	21 Genetics of Rheumatic Diseases
	Key Points
	Evidence for a Genetic Component to Rheumatic Diseases
	Study Design
	Linkage Studies
	Population-Association Studies and the Calculation of the Odds Ratio, an Estimate of Relative Risk
	Family-Based Versus Case-Control Approaches
	Choice of Genetic Marker to Test
	Candidate Gene Versus Genome-wide Association Studies
	Genome-wide Association Studies
	Linkage Disequilibrium

	Common Versus Rare Variants
	Interpreting Statistical Association from Case-Control Studies
	Rheumatoid Arthritis Susceptibility Genes
	Class I and Class II Human Leukocyte Antigen Isotypes: Functional Correlates
	Rheumatoid Arthritis: HLA-DRB1 Associations and the “Shared Epitope?
	The Genome-Wide Association Studies Era of Rheumatoid Arthritis Genetics
	Juvenile Idiopathic Arthritis
	Psoriatic Arthritis
	Ankylosing Spondylitis
	Systemic Lupus Erythematosus: Identification of the Interferon Pathway
	Osteoarthritis
	Clinical Translation
	Identification of Drug Targets: Lessons from Rheumatoid Arthritis Genetics
	Prognosis
	Treatment Response


	Identification of High-Risk Groups
	References

	22 Epigenetics of Rheumatic Diseases
	Key Points
	Epigenetic Regulation
	Epigenetics and the Immune Response
	Epigenetics in Rheumatic Diseases
	Systemic Lupus Erythematosus
	DNA Methylation Regulation and Candidate Gene Studies in Systemic Lupus Erythematosus T Cells
	Genome-wide DNA Methylation Studies in Systemic Lupus Erythematosus T Cells
	Genetic?Epigenetic Interaction in Systemic Lupus Erythematosus
	Histone Modifications in Systemic Lupus Erythematosus
	MicroRNAs and the Pathogenesis of Systemic Lupus Erythematosus

	Rheumatoid Arthritis
	Primary Sjögren’s Syndrome
	Systemic Sclerosis
	Behçet’s Disease
	Osteoarthritis

	Future Directions
	References

	23 Complement System
	Key Points
	Functions of the Complement System
	Terminology Used to Describe Complement and Its Activation Fragments
	Activation Pathways
	Regulation of Complement Activation
	Receptors for Complement Fragments
	Functions of the Complement System
	Innate Immune Responses
	Clearing Immune Complexes and Apoptotic Material
	Regulating Adaptive Immune Responses
	Measuring Complement Activation

	Complement Deficiency
	Primary Complement Deficiency
	Secondary Complement Deficiency

	Targeted Complement Therapeutics
	Complement in Rheumatic Diseases
	Systemic Lupus Erythematosus
	Rheumatoid Arthritis
	Other Systemic Rheumatic Conditions

	Conclusion
	References

	24 Prostaglandins, Leukotrienes, and Related Compounds
	Key Points
	Biosynthesis of Eicosanoids
	Phospholipases
	Cyclooxygenase Pathway
	Regulation of Cyclooxygenase-1 Expression
	Regulation of Cyclooxygenase-2 Expression
	Cyclooxygenase-3
	Prostaglandin Synthases


	Products of the Cyclooxygenase Pathway
	Prostaglandins
	Prostacyclin
	Thromboxanes
	Lipoxygenase Pathways
	Products of the Lipoxygenase Pathways
	Lipoxins
	Isoeicosanoids
	Isoprostanes

	Endocannabinoids

	Eicosanoid Receptors
	Prostaglandin Receptors
	Leukotriene Receptors
	Lipoxin Receptors
	Nuclear Receptors

	Platelet-Activating Factor
	Eicosanoids as Regulators of Inflammation and Immune Responses
	Modulation of Eicosanoid Synthesis by Administration of Precursor Fatty Acids
	Selected References
	References

	25 Cell Recruitment and Angiogenesis
	Key Points
	Endothelial Pathophysiology in Inflammation
	Endothelial Permeability
	Endothelial Injury and Regeneration

	Cell Adhesion Molecules
	Integrins
	Immunoglobulin Superfamily Members
	Selectins
	Cadherins
	Other Adhesion Receptors

	Chemokines and Chemokine Receptors
	Chemokine Superfamilies and Their Receptors
	CXC Chemokines in Arthritis
	CC Chemokines in Rheumatoid Arthritis
	C and CX3C Chemokines in Rheumatoid Arthritis
	Chemokine Receptors in Arthritis


	Angiogenesis in Inflammation
	Angiogenic Process
	Mediators of Angiogenesis in Rheumatoid Arthritis
	Vasculogenesis in Arthritis

	Cellular and Molecular Regulation of Leukocyte Recruitment and Angiogenesis
	Process of Leukocyte Extravasation in Inflammation
	Interactions among Chemokines, Adhesion Receptors, and Angiogenic Factors

	Targeting Cell Adhesion, Chemokines, Angiogenesis, and Vasculogenesis in Inflammatory Rheumatic Disease
	Inhibition of Cell Adhesion Receptors
	Chemokine and Chemokine Receptor Targeting
	Angiogenesis Targeting: Use of Angiostatic Compounds
	Restoration of Impaired Vasculogenesis

	Conclusion
	Selected References
	References

	26 Cytokines
	Key Points
	Classification of Cytokines
	Assessing Cytokine Function in Vitro and in Vivo
	Cytokine Receptors
	Regulation of Cytokine Expression
	Effector Function of Cytokines
	Cytokines in Acute Inflammation
	Cytokines in Chronic Inflammation
	T Cell Effector Function in Chronic Inflammation
	Cell-to-Cell Interactions
	Agonist/Antagonist Cytokine Activities in Chronic Inflammation
	Disease-Modifying Anti-rheumatic Drugs
	Cellular Interactions Across Diverse Tissues
	B Cells and Cytokine Release in Chronic Inflammation
	Innate Cell Lineages in Chronic Inflammation
	Growth Factors in Chronic Inflammation


	Cytokine Effects Beyond Immune Regulation
	Conclusion
	References

	27 Principles of Signaling
	Key Points
	Receptors with Enzymatic Activity
	Receptors That Recruit Molecules with Enzymatic Activity
	Cytokine Receptors
	JAK/STAT Pathway
	Tumor Necrosis Factor Receptor Signaling

	G Protein?Coupled Receptors
	Immunoreceptors: T Cell Receptor, B Cell Receptor, and FcRs
	PI3K/Akt Pathway
	Phospholipase C Signaling: Calcium Flux and Protein Kinase C Activation
	MAP Kinase Pathway

	Co-stimulatory Receptors
	Adhesion Molecules

	Innate Receptor Signaling
	Intra-cellular Receptor Signaling
	Conclusion
	References

	28 Immunologic Repercussions of Cell Death
	Key Points
	Types of Cell Death
	Apoptosis
	Necrosis?Classical or Noncanonical?
	Pyroptosis
	Autophagy

	Molecular Mechanisms of Cell Death
	Apoptosis
	Caspase Substrates of Note
	Caspase Regulation: Activation and Inhibition
	Caspase Inhibitors Inhibitors of Apoptosis Proteins
	Caspase Recruitment Domains and Death Effector Domains?Activation Platforms of the Initiator Caspases
	The Inflammasome-Activation Platform for Procaspase-1 and -11
	The PIDDosome Activation Platform for Procaspase-2
	The Death-Inducing Signaling Complex Activation Platform for Procaspase-8
	The Apoptosome-Activation Platform for Procaspase-9
	Mitochondria and Apoptosis? Intrinsic Apoptosis
	Release of Intermitochondrial Regulators to Activate Caspases

	Mitochondrial Outer Membrane Permeabilization and Apoptosis
	Regulation of Mitochondrial Outer Membrane Permeabilization
	Post-Translational Regulation of Bcl-2 Protein Function
	Alternative/Additional Roles of Bcl-2 Proteins
	Is MOMP Really the End of It All?
	Death Receptor?Associated Signaling Events?Extrinsic Apoptosis
	Molecular Interaction with the Mitochondrial Pathway?Caspase-8/BID

	Noncanonical Forms of Caspase-Mediated Cell Death
	Cell Death, Inflammasomes, and Caspase-1 Activation
	Canonical NLRP3 Inflammasome
	NLRC4 IPAF or CARD12 Inflammasome
	NLRP1b Inflammasome
	NLRP6 Inflammasome
	AIM2 Pyrin Inflammasome
	Noncanonical Inflammasome

	Nonapoptotic Cell Death Signaling Pathways
	Necrosis and Secondary Necrosis
	Necrosis and the Mitochondrial Permeability Transition
	Poly-ADP-Ribose Polymerase and Necrosis Parthanatos
	Excitotoxicity and Necrosis
	Ferroptosis
	Programmed Necrosis or Necroptosis
	Were We Missing Something?
	Molecular Regulation of Programmed Necrosis
	RIPK1?Apoptosis, Necroptosis, or Survival?Take Your Pick
	RIPK1-Independent Necroptosis
	Pro-inflammatory Effects of Programmed Necrosis

	Autophagy
	Molecular Mechanisms of Autophagy
	Overeating Is Good for You?Autophagy and the Immune System
	Mitophagy
	Mitophagy and Immune Function
	“Like All Successful Relationships, It’s Complex??Interaction between Cell Death and Immune Function

	Conclusion
	Caspase Inhibitors
	Necroptosis Inhibitors
	BH3 Mimetics and BCL-2/MCL-1 Inhibitors
	IAP Inhibitors
	Autophagy Regulators

	Selected References
	References

	29 Experimental Models for Rheumatoid Arthritis
	Key Points
	Arthritis Caused by Infectious Agents
	Mycoplasma Arthritides
	Lyme Arthritis
	Staphylococcal Arthritis
	Arthritis and Ankylosing Spondylitis Induced by Intra-cellular Bacteria

	Arthritis Caused by Bacterial Fragments
	Adjuvant-induced Arthritis
	Cartilage Protein-Induced Arthritis
	Collagen II-Induced Arthritis
	Genetic Basis of Collagen-Induced Arthritis
	Autoimmunity Associated with the Major Histocompatibility Complex in Collagen-Induced Arthritis
	Induction of Arthritis with Other Cartilage and Joint-Related Proteins
	Type XI Collagen-Induced Arthritis
	Cartilage Oligomeric Matrix Protein-Induced Arthritis
	Proteoglycan Aggrecan-Induced Arthritis
	Antigen-Induced Arthritis
	Glucose-6-Phosphate Isomerase-Induced Arthritis


	Spontaneous Arthritis
	Spontaneous Arthritis in Genetically Modified Strains

	Use of Animal Models
	Increasing the Knowledge of Disease Pathways
	Developing New Therapeutic Strategies

	Ethical Considerations
	Conclusion
	References

	30 Neuronal Regulation of Pain and Inflammation
	Key Points
	Primary Afferent Fibers
	Skin
	Joint Afferents
	Fascia
	Muscle
	Mechanically Sensitive Afferents? “Silent Nociceptors?
	Sensitization

	Efferent Functions of Primary Afferent Fibers
	Neurogenic Inflammation
	Neurogenic Anti-Inflammation
	Dorsal Root Reflex
	Pain Transmission in the Dorsal Horn
	Descending Modulation

	Neuronal Regulation of Inflammation in Acute Inflammatory Models
	Neuronal Regulation of Inflammation in Chronic Models of Inflammation
	Sympathetic Effects on Peripheral Inflammation are Time Dependent
	Parasympathetic Effects on Peripheral Inflammation
	Role of Pain in Inflammatory Disease
	Selected References
	References

	31 Clinical Research Methods in Rheumatic Disease
	Key Points
	Measures of Disease Occurrence
	Incidence

	Measures of Effect
	Clinical Research Study Designs
	Observational Studies
	Ecological Studies
	Cross-Sectional Surveys
	Case-Control Studies
	Selection of Controls for Case-Control Study
	Weaknesses of the Case-Control Design

	Cohort Studies
	Prospective Cohort Study
	Retrospective Cohort Study
	Nested Case-Control and Case-Cohort Studies

	Clinical Trials
	General Principles of Clinical Trial Design
	Noninferiority Trials
	Pragmatic Clinical Trials
	Cluster Randomized Implementation Trials

	Comparative Effectiveness Research and Patient-Centered Outcomes Research
	Patient-Reported Outcomes


	Biases in Study Design
	Selection Bias
	Information and Recall Bias
	Confounding
	Confounding by Indication and Channeling in Observational Studies of Therapeutics
	Analytic Methods to Address Confounding by Indication


	Effect Measure Modification
	Screening
	Sensitivity
	Specificity
	Predictive Value

	Conclusion
	References

	32 Economic Burden of Rheumatic Diseases
	Key Points
	Studies of the Costs of All Forms of Musculoskeletal Disease
	Other Nations
	Cost of Discrete Conditions
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus
	Osteoarthritis
	Back Conditions
	Ankylosing Spondylitis
	Fibromyalgia
	Gout

	Conclusions
	References

	33 Assessment of Health Outcomes
	Key Points
	What Types of Outcomes are Typically Measured in Arthritis?
	Arthritis/Disease Specific Instruments: The Core Outcome Sets
	Indicators of Pathophysiologic Manifestations of the Disease
	Life Impact of the Disease
	General Health Status.
	Utilities: Value of Health State.

	Symptoms
	Disability Scales
	Self-Efficacy/Effective Consumer.

	Work Disability: Looking Beyond Absenteeism
	Nonpaid Work Roles.
	Patient-Specific Indices.

	Toxicity/Adverse Events
	Death
	Resource Utilization Costs


	How Do You Know What You Need to Measure? Defining Your Measurement Needs
	What Do You Want to Measure?
	Why Are You Measuring?
	Who Comprises the Target Population?

	Decision-Making Instrument for Selecting the Outcome That Can Meet Your Measurement Needs
	Step 1: Is It a Good Match with Your Needs?
	Step 2: Is It Feasible to Use?
	Content Validity

	Step 3: Do Its Numeric Scores Make Sense? Construct Validity
	Item onto Scale Only for Multi-item Reflective Scales: Structural Validity
	Score Level Analysis: Construct Validity


	Step 4: Can This Instrument Evaluate Change during a Period of Time in a Group of Patients?
	Test-Retest Reliability

	Step 5: are Thresholds of Meaning Defined for This Scale?
	Benchmarking States
	Changes in State
	American College of Rheumatology Response Criteria
	Minimal Clinically Important Differences/Improvements
	Combined Approaches: Change and State


	Areas of Growth in Health Outcome Assessment
	Systematic Reviews of Measurement Properties
	The Message Could Be in the Subgroups: The Rise of Cluster Analysis to Uncover Patterns of Responses
	Adaptation to an Ongoing Disease

	Conclusion
	References

	34 Biologic Markers in Clinical Trials and Clinical Care
	Key Points
	Molecular Biomarkers
	Characteristics of Biomarker Measurement
	Biomarker Validation
	Biomarker Timing
	Mechanistic and Descriptive Biomarkers
	Biologic Sample Sources for Biomarker Assays
	Biomarker Discovery
	Biomarker Profiles

	Application of Biomarkers in Clinical Practice and Drug Development
	Diagnosis of Established Disease
	Diagnosis of Pre-clinical or Asymptomatic Disease
	Assessment of Disease Activity and Prognosis

	Pharmacodynamic Biomarkers
	Assessing Response to Therapy
	Assessing Toxicity

	Predictive Biomarkers
	Mechanistic Biomarkers
	Cytokines
	Autoantibodies
	Epigenetic Biomarkers
	Metabolomics

	Tissue Degradation Product Biomarkers

	Conclusion
	References

	35 Occupational and Recreational Musculoskeletal Disorders
	Key Points
	Occupation-Related Musculoskeletal Disorders
	Occupation-Related Rheumatic Diseases
	Osteoarthritis
	Other Occupational Rheumatologic Disorders

	Recreation- and Sports-Related Musculoskeletal Disorders
	Performing Arts?Related Musculoskeletal Disorders
	Instrumentalists
	Vocal Artists
	Dancers

	References

	36 Cardiovascular Risk in Inflammatory Rheumatic Disease
	Key Points
	Biologic Mechanisms: Relationship between Inflammation and Cardiovascular Disease
	Cardiovascular Morbidity in Rheumatoid Arthritis and Systemic Lupus Erythematosus
	Rheumatoid Arthritis
	Ischemic Heart Disease in Rheumatoid Arthritis
	Heart Failure in Rheumatoid Arthritis

	Systemic Lupus Erythematosus
	Ischemic Heart Disease in Systemic Lupus Erythematosus
	Heart Failure in Systemic Lupus Erythematosus


	Cardiovascular Mortality in Rheumatoid Arthritis and Systemic Lupus Erythematosus
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus

	Risk Factors for Cardiovascular Disease
	Traditional Cardiovascular Risk Factors in Rheumatoid Arthritis: Occurrence and Impact
	Smoking in Persons with Rheumatoid Arthritis
	Hypertension in Rheumatoid Arthritis
	Dyslipidemia in People with Rheumatoid Arthritis
	Diabetes Mellitus and Metabolic Syndrome in Rheumatoid Arthritis
	Body Composition/Obesity in Rheumatoid Arthritis

	Nontraditional Cardiovascular Risk Factors in Rheumatoid Arthritis: Occurrence and Impact
	The Impact of Rheumatoid Arthritis Disease Activity and Severity on Cardiovascular Co-Morbidity
	Medications as Cardiovascular Risk Factors

	Traditional and Nontraditional Cardiovascular Risk Factors in Systemic Lupus Erythematosus

	Cardiovascular Mortality, Morbidity, and Risk Factors in Other Rheumatic Diseases
	Ankylosing Spondylitis
	Psoriasis and Psoriatic Arthritis
	Giant Cell Arteritis and Polymyalgia Rheumatica
	Dermatomyositis and Polymyositis
	Osteoarthritis
	Pediatric-Onset Rheumatological Diseases

	Cardiovascular Risk Assessment
	Connection to the Clinic
	Risk Scores and Risk Markers: Biomarkers and Tests for Subclinical Disease
	Translating Knowledge into Clinical Practice
	Managing CVD Risk in Patients with Rheumatic Disease
	Patient Awareness of Cardiovascular Disease Risk

	Future Directions
	Selected References
	References

	37 Cancer Risk in Rheumatic Diseases
	Key Points
	Malignancy in Autoimmune Rheumatic Diseases
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus
	Systemic Sclerosis Scleroderma
	Idiopathic Inflammatory Myopathy
	Sjögren’s Syndrome
	Vasculitis
	Seronegative Spondyloarthritis
	Cancer Risks Associated with Anti-rheumatic Drug Therapies
	Nonbiologic Disease-Modifying Anti-rheumatic Drug Therapy
	Methotrexate
	Azathioprine
	Cyclosporine
	Alkylating Agents

	Biologic Therapeutic Agents
	Anti?Tumor Necrosis Factor Agents
	Rituximab
	Abatacept
	Tocilizumab
	Anakinra
	Tofacitinib


	Cancer Screening in Patients with Rheumatic Disease
	Conclusion
	References

	38 Introduction to Physical Medicine, Physical Therapy, and Rehabilitation
	Key Points
	Brief History of Rehabilitation in Rheumatology
	Goals of Rehabilitation, Rehabilitation Team Members, and Models of Team Care
	International Classification of Functioning, Disability, and Health: A Framework for Rehabilitation Management
	Assessment Tools and the Rehabilitation Cycle
	What Do Current Guidelines Suggest for Rehabilitation Management of Select Rheumatologic Conditions?
	Nonpharmacologic Interventions to Manage Rheumatologic Conditions
	Principles Guiding Rehabilitation in People with Rheumatologic Conditions
	Rehabilitation of Select Rheumatologic Conditions
	Rheumatoid Arthritis and Inflammatory Arthritis
	Systemic Lupus Erythematosus
	Osteoarthritis
	Ankylosing Spondylitis
	Strategies to Increase Adherence to Exercise and Rehabilitation

	Conclusion
	References

	39 Pregnancy and Rheumatic Diseases
	Key Points
	Interplay of Rheumatic Disease and Pregnancy Physiology
	General Principles of Pregnancy and Rheumatic Disease: Pre-pregnancy Assessment
	Severe Disease Damage
	Disease Activity
	Medication Review
	Assessment of Autoantibodies
	Counseling

	Systemic Lupus Erythematosus
	Maternal Outcomes
	Fetal and Neonatal Outcomes
	Management

	Mixed Connective Tissue Disease and Undifferentiated Connective Tissue Disease
	Maternal Outcomes
	Fetal and Neonatal Outcomes

	Sjögren’s Syndrome
	Maternal Outcomes
	Fetal and Neonatal Outcomes
	Management

	Anti-phospholipid Antibody
	Maternal Outcomes
	Fetal and Neonatal Outcomes
	Management

	Inflammatory Arthritis
	Rheumatoid Arthritis
	Maternal Outcomes
	Fetal and Neonatal Outcomes

	Psoriatic Arthritis and Ankylosing Spondylitis
	Management

	Inflammatory Myositis
	Maternal Outcomes
	Fetal and Neonatal Outcomes
	Management

	Systemic Sclerosis
	Maternal Outcomes
	Fetal Outcomes
	Management

	Vasculitis
	Large Vessel Vasculitis: Takayasu’s Arteritis
	Medium Vessel Vasculitis: Polyarteritis Nodosa
	ANCA-Associated Vasculitis
	Behçet’s Disease

	Medications during Pregnancy and Breastfeeding
	Aspirin, Nonsteroidal Anti-inflammatory Medications, and Cyclooxygenase-2 Inhibitors
	Glucocorticoids
	Antimalarial Agents
	Sulfasalazine
	Immunosuppressive Agents
	Intravenous Immunoglobulin
	Tumor Necrosis Factor Inhibitors
	Other Biologic Agents
	Other Medications

	Pregnancy-Related Issues for Rheumatic Disease Patients
	Contraception
	Contraceptive Methods

	Fertility and Assisted Reproductive Techniques

	Conclusion
	References

	40 History and Physical Examination of the Musculoskeletal System
	Key Points
	History in a Patient with Musculoskeletal Disease
	Pain
	Stiffness
	Limitation of Motion
	Swelling

	Weakness
	Fatigue
	Loss of Function

	Systematic Method of Examination
	General Observation
	Swelling
	Tenderness
	Limitation of Motion
	Crepitus
	Deformity
	Instability
	Other Aspects of the Examination

	Recording the Joint Examination
	Interpreting the Joint Examination
	Examination of Specific Joints
	Temporomandibular Joint
	Cricoarytenoid Joints
	Sternoclavicular, Manubriosternal, and Sternocostal Joints
	Acromioclavicular Joint
	Shoulder
	Elbow
	Wrist and Carpal Joints
	Metacarpophalangeal and Proximal and Distal Interphalangeal Joints
	Hip
	Knee
	Ankle
	Foot

	References

	41 Acute Monoarthritis
	Key Points
	Patient Assessment
	History

	Examination
	Investigations
	Blood
	Urine
	Imaging Studies

	Synovial Fluid
	Synovial or Bone Biopsy
	Specific Diagnoses
	Acute Monoarthritis
	Septic Arthritis Bacterial

	Crystal Arthritis
	Gout
	Acute Calcium Pyrophosphate Crystal Arthritis
	Acute Calcific Periarthritis
	Calcium Phosphate Crystal Arthritis
	Cholesterol Crystal Arthritis

	Reactive Arthritis

	Lyme Disease
	Plant Thorn Synovitis
	Other Organisms That Produce Monoarthritis


	Trauma and Internal Derangement
	Polyarthritis Presenting as Acute Monoarthritis
	Monoarthropathies Arising From Other Joint Diseases
	Synovial Causes of Non-inflammatory Monoarticular Pain
	Monoarticular Arthritis in Systemic Diseases
	Regional Differential Diagnosis of Musculoskeletal Pain
	Monoarticular Pain Resulting From Periarticular Disorders
	Conclusion
	References

	42 Evaluation and Differential Diagnosis of Polyarthritis
	Key Points
	Differential Diagnosis of Polyarthritis
	Viral Infections
	Bacterial Infections
	Malignancy-Associated Polyarthritis
	Crystal-Associated Polyarthritis
	Degenerative Arthritis
	Metabolic Diseases
	Autoimmune Diseases
	Drug-Induced Arthritis and Serum Sickness

	Approach to the Patient with Polyarthritis
	History
	Physical Examination
	Laboratory Investigation
	Genetic Testing
	Synovial Fluid Analysis

	Imaging and Additional Diagnostic Procedures

	Formal Criteria and Their Role in Clinical Diagnosis
	Preliminary Diagnoses, Working Diagnoses, Presumptive Treatments, and Reassessments: a Longitudinal View
	Differential Diagnosis of Polyarthritis: Future Perspectives
	References

	43 Skin and Rheumatic Diseases
	Key Points
	Diagnosis of Skin Lesions Associated with Rheumatic Diseases
	Psoriasis
	Reactive Arthritis
	Rheumatoid Arthritis
	Juvenile Rheumatoid Arthritis/Still’s Disease
	Lupus Erythematosus
	Lupus-Specific Skin Lesions
	Nonspecific Cutaneous Lesions

	Neonatal Lupus Syndrome
	Sjögren’s Syndrome
	Dermatomyositis
	Scleroderma and Other Sclerosing Conditions
	Morphea
	Systemic Scleroderma
	Eosinophilic Fasciitis
	POEMS Syndrome
	Scleromyxedema
	Nephrogenic Systemic Fibrosis

	Primary Vasculitis Involving the Skin
	Cutaneous Small Vessel Vasculitis and Its Variants
	Granulomatous Vasculitides
	Polyarteritis Nodosa and Related Conditions
	Large Vessel Vasculitis

	Infections
	Lyme Borreliosis
	Parvovirus
	Atypical Infections: Mycobacterium marinum

	Panniculitis
	Relapsing Polychondritis
	Infiltrative Diseases
	Amyloid
	Sarcoidosis

	Miscellaneous Skin Diseases and Arthritis
	Behçet’s Disease
	Familial Mediterranean Fever
	Multicentric Reticulohistiocytosis
	Cryopyrin-Associated Periodic Syndromes

	References

	44 The Eye and Rheumatic Diseases
	Key Points
	Ocular Anatomy and Physiology
	Ocular Immune Response
	Uveitis
	Scleritis and Corneal Melt
	Orbital Disease
	Optic Neuritis
	Medication-Related Ocular Toxicity
	Conclusion
	References

	45 Neck Pain
	Key Points
	Epidemiology
	Anatomy
	Axial Neck Pain
	Radiculopathy and Myelopathy
	Infection/Neoplasm

	Clinical Features
	Patient History
	Localization of Pain Generators
	Clinical Examination

	Diagnostic Evaluation
	Differential Diagnosis and Treatment
	References

	46 Shoulder Pain
	Key Points
	Anatomy and Function
	Diagnosis
	Clinical Evaluation of the Shoulder
	History
	Physical Examination

	Imaging
	Radiographic Assessment
	Scintigraphy
	Arthrography
	Computed Tomography
	Ultrasonography
	Magnetic Resonance Imaging

	Arthroscopy
	Electromyography and Nerve Conduction Velocity Studies
	Injection
	Potential Diagnostic Tests

	Intrinsic Factors Causing Shoulder Pain
	Periarticular Disorders
	Shoulder Impingement and Rotator Cuff Tendinopathy
	Calcific Tendinitis
	Rotator Cuff Tear
	Pathophysiology.
	Diagnosis?History.
	Diagnosis?Imaging.
	Treatment?Nonsurgical.
	Treatment?Surgical.
	Acute Tears.
	Chronic Tears.
	Economic Aspect of Rotator Cuff Repair.

	Bicipital Tendinitis and Rupture

	Acromioclavicular Disorders
	Glenohumeral Disorders
	Inflammatory Arthritis
	Osteoarthritis
	Osteonecrosis
	Cuff-Tear Arthropathy
	Septic Arthritis
	Labral Tears
	Adhesive Capsulitis
	Glenohumeral Instability

	Extrinsic or Regional Factors Causing Shoulder Pain
	Cervical Radiculopathy
	Brachial Neuritis
	Nerve Entrapment Syndromes
	Sternoclavicular Arthritis
	Reflex Sympathetic Dystrophy
	Neoplasms
	Miscellaneous Conditions

	Selected References
	References

	47 Low Back Pain
	Key Points
	Epidemiology
	Anatomy
	Clinical Evaluation
	History
	Physical Examination
	Diagnostic Tests
	Imaging
	Electrodiagnostic Studies
	Laboratory Studies


	Differential Diagnosis
	Lumbar Spondylosis
	Disk Herniation

	Spondylolisthesis
	Spinal Stenosis
	Diffuse Idiopathic Skeletal Hyperostosis
	Nonspecific Low Back Pain
	Neoplasm
	Infection
	Inflammation
	Metabolic Disease
	Visceral Pathology
	Miscellaneous

	Treatment
	Acute Low Back Pain
	Chronic Low Back Pain
	Spine Patient Outcomes Research Trial
	Disk Herniation
	Spinal Stenosis
	Spondylolisthesis


	Outcome
	Conclusion
	References

	48 Hip and Knee Pain
	Key Points
	Knee Pain
	History
	Physical Examination
	General
	Ligaments
	Menisci
	Quadriceps Tendon
	Patella Tendon
	Patellofemoral Pain

	Imaging
	Conventional Radiographs
	Computed Tomography
	Ultrasound
	Nuclear Scintigraphy
	Magnetic Resonance Imaging

	Common Disorders in the Differential Diagnosis of Knee Pain
	General
	Bursitis
	Neoplasia
	Popliteal Cysts


	Hip Pain
	History
	Physical Examination
	Imaging
	Conventional Radiographs
	Computed Tomography
	Nuclear Scintigraphy
	Magnetic Resonance Imaging
	Ultrasound
	Hip Arthrography

	Common Disorders in the Differential Diagnosis of Hip Pain

	References

	49 Foot and Ankle Pain
	Key Points
	Etiology
	Functional Anatomy and Biomechanics
	Diagnostic Evaluation
	Physical Examination

	Imaging
	Differential Diagnosis of Ankle Pain
	Anterior Ankle Pain
	Central Joint Pain
	Posterior Joint Pain
	Medial and Lateral Ankle Pain

	Differential Diagnosis of Foot Pain
	Nonoperative Treatment
	Operative Treatment
	Arthrodesis
	Arthroplasty
	Osteotomy
	Ostectomy
	Synovectomy

	Conclusion
	References

	50 Hand and Wrist Pain
	Key Points
	Patient Evaluation
	Anatomy
	History

	Physical Examination
	Imaging Studies
	Additional Diagnostic Tests
	Neurodiagnostic Tests
	Injections and Aspirations
	Arthroscopy


	Common Causes of Hand and Wrist Pain
	Wrist Pain: Palmar
	Carpal Tunnel Syndrome
	Ulnar Nerve Entrapment: Cubital Tunnel Syndrome
	Ulnar Nerve Entrapment: Guyon’s Canal
	Flexor Carpi Radialis and Flexor Carpi Ulnaris Tendinitis
	Hamate Fracture

	Wrist Pain: Dorsal
	Ganglion
	Carpal Boss
	Extensor Tendinopathies
	Kienböck’s Disease
	Scapholunate Interosseous Ligament Injury
	Gout and Inflammatory Arthritis

	Wrist Pain: Ulnar
	Triangular Fibrocartilage Complex Injury and Ulnocarpal Impaction Syndrome
	Extensor Carpi Ulnaris Tendinitis and Subluxation
	Pisotriquetral Arthritis

	Wrist Pain: Radial and Thumb
	De Quervain’s Disease and Intersection Syndrome
	Basal Joint Arthropathy
	Thumb Metacarpophalangeal Joint Injuries and Instability
	Volar Ganglion
	Scaphoid Fracture with Nonunion
	Distal Radius Fractures

	Palm
	Trigger Finger
	Retinacular Cysts

	Digits
	Mallet Finger
	Osteoarthritis of the Digits
	Tumors
	Infection


	Selected References
	References

	51 Temporomandibular Joint Pain
	Key Points
	Arthritis of the Temporomandibular Joint
	Osteoarthritis
	Clinical Findings
	Imaging Findings
	Diagnosis
	Treatment

	Rheumatoid Arthritis
	Clinical Findings
	Imaging Findings
	Diagnosis
	Treatment

	Spondyloarthropathies
	Psoriatic Arthritis
	Ankylosing Spondylitis
	Reactive Arthritis

	Traumatic Arthritis
	Infectious Arthritis
	Clinical Findings
	Imaging Findings
	Treatment

	Metabolic Arthritis
	Gout
	Pseudogout


	Internal Derangements
	Clinical Findings
	Etiology
	Imaging Findings
	Treatment

	Neoplasms
	Myofascial Pain and Dysfunction
	Etiology
	Clinical Findings
	Diagnosis
	Treatment

	Conclusion
	References
	Websites

	52 Fibromyalgia
	Key Points
	Historical Perspective
	Diagnostic Criteria
	Epidemiology
	Clinical Features
	Differential Diagnosis and Rheumatologic Comorbidities
	Assessment of Severity
	Mechanisms
	Genetic Risk
	Central Pain Amplification and Potential Peripheral Mechanisms
	Stress Response Systems

	Social and Psychological Factors
	Life Stress and Socioeconomic Factors
	Personality, Cognitive, and Psychological Factors

	Treatment Approaches
	Education and Self-Management
	Exercise and Body-Based Therapies
	Cognitive Behavioral Therapy
	Pharmacologic Approaches
	Practical Advice

	Outcome
	Selected References
	References

	53 Synovial Fluid Analyses, Synovial Biopsy, and Synovial Pathology
	Key Points
	Synovial Fluid Analysis
	Synovial Fluid in Health
	Accumulation of Synovial Effusions
	Arthrocentesis
	Gross Examination
	Leukocyte Count
	Synovial Fluid Cytology
	Wet Smear Analysis by Polarized Microscopy
	Detection of Microorganisms by Gram Stain, Culture, and Polymerase Chain Reaction Analysis of Synovial Fluid

	Biochemical Analysis of Synovial Fluid
	Synovial Fluid Analysis in Arthritis Research

	Synovial Biopsy
	Blind Percutaneous Synovial Biopsy
	Arthroscopically Guided Synovial Biopsy
	Processing Synovial Tissue Samples

	Synovial Pathology
	Synovial Membrane in Healthy Individuals
	Synovial Histopathology in the Evaluation of Monoarthritis
	Synovial Histopathology in the Evaluation of Polyarthritis

	Synovial Immunohistology
	Sampling Error and Quantitative Analysis
	Synovial Lining Cell Layer
	Synovial Lymphocytes and Plasma Cells
	Synovial Sublining Macrophages and Dendritic Cells
	Synovial Microvasculature, Endothelium, and Stromal Mesenchymal Cells
	Synovium-Cartilage-Bone Interface
	Synovial Biopsy and Pathology as Research Tools for Clinical Biomarker Development

	Conclusion
	Selected References
	References

	54 Arthrocentesis and Injection of Joints and Soft Tissue
	Key Points
	Indications and Contraindication of Arthrocentesis and Soft Tissue Injections
	Drugs and Preparations Used for Injection
	Procedures Description
	Upper Limb Injections
	Proximal Interphalangeal Joint Injection
	Metacarpophalangeal Joint Injection
	Wrist Joint Injection
	Elbow Joint Injection
	Shoulder Joint Glenohumeral Injection
	Acromioclavicular Joint Injection

	Lower Limbs
	Metatarsophalangeal Joint
	Midfoot Joints Talonavicular and Navicular Cuniform
	Ankle Tibiotalar Joint
	Subtalar Joint
	Knee Joint Injection

	Soft Tissue Injections: Upper Limbs
	Trigger Finger and Tendon Sheath Injection
	Carpal Tunnel Injection
	De Quervain Tendonitis Injection
	Tennis Elbow Injection
	Subacromial Bursa

	Soft Tissue Injections: Lower Limbs
	Morton’s Neuroma Injection
	Plantar Fascia Injection
	Retrocalcaneal Bursa Injection
	Tibialis Posterior and Peroneal Tendon-Sheath Injection
	Tarsal Tunnel Syndrome Injection
	Trochanteric Bursa

	Conclusion
	References

	55 Anti-nuclear Antibodies
	Key Points
	History
	Relevance of Anti-nuclear Antibodies to Disease Pathogenesis
	Methods of Detection
	Immunofluorescence
	Enzyme-Linked Immunosorbent Assay
	Anti-DNA Antibody Tests
	Other Assays

	Interpretation of the FANA
	Pattern
	Titer

	Diseases Associated with Anti-nuclear Antibodies
	Systemic Lupus Erythematosus
	Chromatin-Associated Antigens
	Anti-DNA.
	Anti-histone Nucleosome.
	Other Chromatin-Associated Autoantigens.

	Ribonucleoproteins
	Anti?Small Nuclear Ribonucleoproteins.
	Anti-Ro/SS-A and La/SS-B.
	Antiribosome.
	Other ANAs in SLE.


	Systemic Sclerosis Scleroderma
	Anti-Kinetochore Centromere and Anti-Topoisomerase I
	Anti-RNA Polymerases
	Anti?Polymyositis Scleroderma
	Other SSc-Related ANAs

	Inflammatory Muscle Diseases
	Myositis-Specific Autoantibodies
	Myositis Overlap Autoantibodies

	Sjögren’s Syndrome
	Mixed Connective Tissue Disease and Overlap Syndromes
	Other Conditions

	Clinical Utility of Anti-nuclear Antibody Testing
	References

	56 Autoantibodies in Rheumatoid Arthritis
	Key Points
	Rheumatoid Factor
	Antibodies Against Citrullinated Antigens
	Antikeratin Antibodies and Antiperinuclear Factor: Initial Insights into a Novel Group of Autoantibodies in Rheumatoid Arthritis
	Discovery of Autoantibodies That Recognize Peptidylcitrulline
	Anti?Cyclic Citrullinated Peptide Antibodies

	Anti-citrullinated Protein Antibodies
	Anti?Cyclic Citrullinated Peptide Antibodies/Anti-citrullinated Protein Antibodies: Clinical Relevance
	Kinetics of Appearance of Anti?Cyclic Citrullinated Peptide Antibodies/Anti-citrullinated Protein Antibodies in Rheumatoid Arthritis
	Genetic Associations with Anti?Cyclic Citrullinated Peptide Antibodies/Anti-citrullinated Protein Antibodies
	Citrullinated Antigen Generation in Rheumatoid Arthritis
	The Peptidylarginine Deiminase Enzymes
	Peptidylarginine Deiminase Structure, Activity, and Regulation
	Structural and Functional Implications of Protein Citrullination
	Peptidylarginine Deaminases in Rheumatoid Arthritis


	Anti?Peptidylarginine Deiminase Autoantibodies
	Mechanisms of Citrullinated Autoantigen Production in Rheumatoid Arthritis
	Novel Post-Translational Modifications Targeted by Antibodies in Rheumatoid Arthritis
	Anti?Carbamylated Protein Antibodies
	Anti?Malondialdehyde-Acetaldehyde Adducts Antibodies
	Anti-citrullinated Protein Antibodies, Anti?Carbamylated Protein, and Anti? Malondialdehyde-Acetaldehyde Antibodies in Rheumatoid Arthritis: Insights into Pathogenesis

	Other Autoantibody Specificities in Rheumatoid Arthritis Recognizing Nonmodified Autoantigens
	Anti-citrullinated Protein Antibodies in Rheumatoid Arthritis: Insights Into Disease Mechanism
	Potential Environmental Factors in Rheumatoid Arthritis Pathogenesis

	Selected References
	References

	57 Acute Phase Reactants and the Concept of Inflammation
	Key Points
	Acute Phase Response
	Erythrocyte Sedimentation Rate
	C-Reactive Protein
	Procalcitonin
	Other Acute Phase Proteins
	Cytokines

	Acute Phase Reactants in the Management of Rheumatic Diseases
	Rheumatoid Arthritis
	Systemic Lupus Erythematosus
	Polymyalgia Rheumatica and Giant Cell Arteritis
	Adult-Onset Still’s Disease
	Ankylosing Spondylitis
	Osteoarthritis
	Other Rheumatic Diseases

	Practical Use of Acute Phase Reactants
	C-Reactive Protein and Health: Associations with Nonrheumatologic Conditions
	Selected References
	References

	58 Imaging in Rheumatic Diseases
	Conventional Radiography
	Technical Aspects
	Rheumatoid Arthritis
	Spine
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring.
	Predicting Outcome.


	Ankylosing Spondylitis
	Sacroiliac Joints
	Spine
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Psoriatic Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Gout
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Calcium Pyrophosphate Dihydrate Crystal Deposition Disease
	Septic Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Osteoarthritis.

	Use in Diagnosis, Monitoring, and Predicting Outcome


	Computed Tomography
	Technical Aspects
	Rheumatoid Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Ankylosing Spondylitis/Axial Spondyloarthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring Disease Activity and Damage.
	Predicting Outcome.


	Psoriatic Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Gout
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Calcium Pyrophosphate Dihydrate Crystal Deposition Disease
	Septic Arthritis
	Osteoarthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome


	Magnetic Resonance Imaging
	Technical Aspects
	Rheumatoid Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring Disease Activity and Structural Damage.
	Predicting Outcome.


	Ankylosing Spondylitis/Axial Spondyloarthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring Disease Activity and Damage.
	Predicting Outcome.


	Psoriatic Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring.
	Predicting Outcome.


	Gout
	Use in Diagnosis, Monitoring, and Predicting Outcome

	Calcium Pyrophosphate Dihydrate Crystal Deposition Disease
	Septic Arthritis
	Osteoarthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring.
	Predicting Outcome.



	Ultrasonography
	Technical Aspects
	Examination Technique
	Rheumatoid Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring Disease Activity and Damage.
	Predicting Outcome.


	Ankylosing Spondylitis/Axial Spondyloarthritis
	Psoriatic Arthritis
	Use in Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring.
	Predicting Outcome.


	Gout
	Use in Diagnosis, Monitoring, and Prognostication

	Calcium Pyrophosphate Dihydrate Crystal Deposition Disease
	Septic Arthritis
	Osteoarthritis
	Diagnosis, Monitoring, and Predicting Outcome
	Diagnosis.
	Monitoring.
	Predicting Outcome.



	Other Imaging Modalities
	Digital X-ray Radiogrammetry
	Nuclear Medicine
	Bone Scintigraphy Planar
	Single-Photon Emission Computer Tomography with and without Computed Tomography
	Positron Emission Tomography


	Conclusion
	Selected References
	References

	59 Biology and Therapeutic Targeting of Prostanoids
	Key Points
	History
	Cyclooxygenase Biology and Bioactive Lipids
	Prostaglandin Production and Action
	Biochemistry and Structural Biology
	Molecular Biology

	Mechanism of Action
	Cyclooxygenase Inhibition
	COX-2 Selectivity
	Cyclooxygenase-Independent Mechanisms of Action
	Mechanism of Acetaminophen and Other Analgesic Antipyretic Drugs

	Pharmacology and Dosing
	Classification
	NSAID Metabolism
	Salicylate Metabolism and Aspirin Resistance
	Pharmacologic Variability
	Routes of Drug Delivery
	Combination Drugs

	Therapeutic Effects
	Anti-inflammatory Effects
	Analgesic Effects
	Antipyretic Effects
	Other Therapeutic Effects
	Anti-platelet Effects
	Cancer Chemoprevention


	Adverse Effects
	Gastrointestinal Tract Effects
	Dyspepsia
	Gastritis and Gastroduodenal Ulcer
	Esophageal Injury
	Small Bowel Injury
	Colitis

	Renal Effects
	Sodium Excretion
	Hypertension
	Acute Renal Failure and Papillary Necrosis
	Interstitial Nephritis
	Chronic Kidney Disease

	Cardiovascular Effects
	Heart Failure
	Closure of the Ductus Arteriosus

	Hepatic Effects
	Asthma and Allergic Reactions
	Asthma
	Allergic Reactions

	Hematologic Effects
	Effects on the Immune System
	CNS Effects
	Effects on Bone
	Effects on Ovarian and Uterine Function
	Salicylate Intoxication and NSAID Overdose
	Adverse Effects of Acetaminophen

	Effects of Concomitant Drugs, Diseases, and Aging
	Drug-Drug Interactions
	Drug-Disease Interactions
	Drug Reactions in Elderly Persons
	Colchicine
	Mechanism of Colchicine Action
	Adverse Effects of Colchicine


	Choosing Anti-inflammatory Analgesic Therapy
	Conclusion
	Selected References
	References

	60 Glucocorticoid Therapy
	Key Points
	Characteristics of Glucocorticoids
	Structure
	Classification
	Activation

	Genomic and Nongenomic Modes of Action
	Genomic Mechanisms
	Nongenomic Mechanisms

	Glucocorticoid Effects on Hypothalamic-Pituitary- Adrenal Axis
	Hypothalamic-Pituitary-Adrenal Axis and Inflammation
	Tertiary Adrenal Insufficiency

	Glucocorticoid Effects on the Immune System
	Leukocytes and Fibroblasts
	Cytokines
	Inflammatory Enzymes
	Adhesion Molecules and Permeability Factors

	Pharmacology and Clinical Considerations
	Pharmacokinetics
	Glucocorticoid Resistance
	Drug Interactions

	Glucocorticoid Therapy
	Indications
	Glucocorticoid Therapy in Rheumatoid Arthritis
	Signs and Symptoms
	Radiologic Joint Damage: Glucocorticoids as Disease-Modifying Anti-rheumatic Drugs
	Prevention of Early Rheumatoid Arthritis Development with Glucocorticoids

	Glucocorticoid Pulse Therapy
	Glucocorticoid Tapering Regimens
	Stress Regimens and Perioperative Care
	Pregnancy and Lactation
	Intralesional and Intra-articular Glucocorticoid Injections
	Improving the Therapeutic Ratio of Glucocorticoids
	Alternate-Day Regimens
	Glucocorticoid-Sparing Agents
	Modified-Release Prednisone
	Other Developments


	Adverse Effects and Monitoring
	Infections
	Cardiovascular Adverse Effects
	Mineralocorticoid Effects
	Atherosclerosis and Dyslipidemia

	Mortality
	Skeletal Adverse Effects
	Osteoporosis
	Osteonecrosis
	Myopathy

	Gastrointestinal Adverse Effects
	Peptic Ulcer Disease
	Other Gastrointestinal Adverse Effects

	Ocular Adverse Effects
	Cataract
	Glaucoma

	Dermal Adverse Effects
	Endocrine Adverse Effects
	Glucose Intolerance and Diabetes Mellitus
	Increased Body Weight and Altered Fat Redistribution
	Suppression of the Hypothalamic-Pituitary- Adrenal Axis

	Adverse Behavioral Effects
	Steroid Psychosis
	Minor Mood Disturbances

	Monitoring

	Future Directions
	Selected References
	References

	61 Traditional DMARDs
	Key Points
	Methotrexate
	Chemical Structure
	Actions of Methotrexate
	Pharmacology
	Absorption and Bioavailability
	Distribution and Half-Life
	Elimination
	Indications
	Rheumatoid Arthritis.
	Rheumatoid Arthritis?Related Conditions.
	Juvenile Idiopathic Arthritis.
	Psoriatic Arthritis PsA.
	Systemic Lupus Erythematosus SLE.
	Vasculitis.
	Inflammatory Myopathies.
	Other Rheumatic Diseases.


	Dose and Drug Administration
	Geriatric Patients
	Pediatric Patients

	Toxicity
	Gastrointestinal and Hepatic Side Effects
	Hematologic Side Effects
	Pulmonary Side Effects
	Mucocutaneous Side Effects
	Malignancies
	Miscellaneous
	Methotrexate Flu.
	Nodulosis.
	Vasculitis.

	Fertility, Pregnancy, and Lactation
	Toxicity Monitoring

	Drug Interactions and Contraindications
	Drug Interactions
	Contraindications


	Leflunomide
	Chemical Structure
	Actions of Leflunomide
	Pharmacology
	Absorption and Bioavailability
	Distribution and Half-Life
	Elimination
	Indications
	Rheumatoid Arthritis.
	Other Rheumatic Diseases.


	Dose and Drug Administration
	Geriatric Patients
	Pediatric Patients

	Toxicity
	Gastrointestinal and Hepatic Side Effects
	Cardiovascular Side Effects
	Miscellaneous
	Dermatologic.
	Pulmonary.
	Hematologic.
	Weight Loss.

	Fertility, Pregnancy, and Lactation
	Toxicity Monitoring

	Drug Interactions and Contraindications
	Drug Interactions
	Contraindications


	Sulfasalazine
	Chemical Structure
	Actions of Sulfasalazine
	Pharmacology
	Absorption and Bioavailability
	Distribution and Half-Life
	Elimination
	Indications
	Rheumatoid Arthritis.
	Spondyloarthropathies
	Psoriatic Arthritis.
	Ankylosing Spondylitis.
	Reactive Arthritis.
	Inflammatory Bowel?Associated Arthritis.

	Juvenile Inflammatory Arthritis.


	Dosing
	Geriatric Patients
	Pediatric Patients

	Toxicity
	Gastrointestinal and Hepatic
	Hematologic
	Dermatologic
	Pulmonary
	Miscellaneous
	Fertility, Pregnancy, and Lactation
	Toxicity Monitoring

	Drug Interactions and Contraindications
	Drug Interactions
	Contraindications


	Anti-malarials
	Chemical Structure
	Actions of Hydroxychloroquine
	Pharmacology
	Absorption and Bioavailability
	Distribution and Half-Life
	Elimination
	Indications
	Rheumatoid Arthritis.
	Systemic Lupus Erythematosus.
	Discoid Lupus.
	Anti-phospholipid Antibody Syndrome.
	Sjögren’s Syndrome.
	Miscellaneous.


	Dosing
	Geriatric Patients
	Pediatric Patients

	Toxicity
	Ophthalmologic
	Dermatologic
	Neuromuscular
	Cardiovascular
	Gastrointestinal
	Metabolic
	Fertility, Pregnancy, and Lactation
	Toxicity Monitoring

	Drug Interactions and Contraindications
	Drug Interactions
	Contraindications


	Combination DMARD Therapy in Rheumatoid Arthritis
	History of Combination DMARD Therapy
	Early Rheumatoid Arthritis
	Patients with Active Disease Despite Methotrexate
	Corticosteroids in DMARD Combinations
	Biologic Agents in DMARD Combinations
	Selecting the Right Patients for the Right Combination Therapy

	Selected References
	References

	62 Immunosuppressive Drugs
	Key Points
	Cyclophosphamide
	Structure
	Mechanisms of Action
	Pharmacology
	Absorption and Distribution
	Metabolism and Elimination
	Pharmacokinetic Considerations in Special Circumstances
	Liver Disease.
	Renal Impairment.


	Clinical Indications
	Dosage and Route of Administration
	Toxicity
	Hematologic
	Infection
	Urologic
	Malignancy
	Reproductive
	Pulmonary
	Miscellaneous
	Strategies to Minimize Toxicity

	Pregnancy and Lactation
	Drug Interactions

	Azathioprine
	Structure
	Mechanisms of Action
	Pharmacology
	Absorption and Distribution
	Metabolism and Elimination
	Dosage

	Clinical Indications
	Toxicity
	Hematologic
	Gastrointestinal
	Malignancy
	Hypersensitivity
	Other Toxicities
	Strategies to Minimize Toxicity

	Drug Interactions
	Pregnancy and Lactation

	Cyclosporine
	Structure
	Mechanism of Action
	Pharmacology
	Absorption and Distribution
	Metabolism and Elimination
	Dosage

	Clinical Indications
	Toxicity
	Hypertension
	Nephrotoxicity
	Gastrointestinal
	Malignancy
	Other Toxicities
	Strategies to Minimize Toxicity

	Pregnancy and Lactation
	Drug Interactions

	Tacrolimus FK506
	Structure
	Mechanisms of Action
	Pharmacology
	Dosage
	Clinical Indications
	Toxicity

	Mycophenolate Mofetil
	Structure
	Mechanism of Action
	Pharmacology
	Toxicity
	Dosage
	Clinical Indications
	Pregnancy and Lactation
	Drug Interactions

	Conclusion
	Selected References
	References

	63 Anti-cytokine Therapies
	Key Points
	Tumor Necrosis Factor Inhibitors
	Infliximab
	Structure
	Pharmacokinetics
	Drug Dose

	Etanercept
	Structure
	Pharmacokinetics
	Drug Dose

	Adalimumab
	Structure
	Pharmacokinetics
	Drug Dose

	Golimumab
	Structure
	Pharmacokinetics
	Drug Dose

	Certolizumab Pegol
	Structure
	Pharmacokinetics
	Drug Dose
	Efficacy of Tumor Necrosis Factor Inhibitors
	Rheumatoid Arthritis.
	Psoriatic Arthritis PsA.
	Ankylosing Spondylitis.


	Mechanism of Action of TNF Inhibitors
	Other Considerations
	Treatment in Other Autoimmune Conditions
	Cardiovascular Risk and Lipid Profile
	Monitoring
	Pregnancy and Breastfeeding
	Vaccinations
	Toxicity
	Infusion and Injection Site Reactions.
	Antigenicity.
	Infection.
	Malignancy.
	Autoimmune Disorders.
	Demyelinating Syndromes.
	Congestive Heart Failure.



	Interleukin-1
	Anakinra
	Structure and Mechanism of Action
	Pharmacokinetics
	Drug Dose
	Rilonacept.
	Canakinumab.


	Efficacy
	Rheumatoid Arthritis.
	Autoinflammatory Diseases.

	Gout
	Other Disorders

	Other Considerations
	Toxicity
	Monitoring
	Pregnancy and Breastfeeding


	Interleukin-6
	Tocilizumab
	Structure and Mechanism of Action
	Pharmacokinetics
	Drug Dose
	Efficacy
	Safety
	Drug Interactions
	Monitoring
	Pregnancy and Breastfeeding
	Other IL-6 Blockers
	Sarilumab.
	Sirukumab.

	Emerging Therapies
	IL-17 Blockers.
	B cell?Targeted Therapies.



	Conclusion
	References

	64 Cell-Targeted Biologics and Emerging Targets
	Key Points
	Targeting B Cells
	Rituximab and Rheumatoid Arthritis
	Clinical Studies
	Disease Modification
	Safety Issues
	Duration of Benefit
	Current Role
	Future Directions and Other Approaches to B Cell?Targeted Therapy

	Rituximab in Other Rheumatic Conditions
	Targeting Co-Stimulatory Molecules
	Abatacept and Rheumatoid Arthritis
	Clinical Studies
	Safety Issues
	Current Role
	Implications for Understanding the Pathogenesis of Rheumatoid Arthritis

	Abatacept in Other Rheumatic Conditions
	Targeting T Cells
	Clinical Studies

	Future Directions
	Conclusion
	Selected References
	References

	65 Novel Intra-cellular Targeting Agents in Rheumatic Disease
	Key Points
	Signal Transduction Pathways
	P38 Map Kinase Inhibitors
	Mek Inhibitors
	Spleen Tyrosine Kinase Inhibitors
	Janus Kinase Inhibitors
	Tofacitinib
	Efficacy
	Safety

	Other JAK Inhibitors
	Fibotinib GLPG0634
	Decernotinib VX-509
	Peficitinib ASP015K
	ABT-494


	Btk Inhibitors
	PI3k Inhibitors
	Sphingosine 1 Phosphate Modulators
	Phosphodiesterase Inhibitors
	Conclusion
	References

	66 Urate-Lowering Therapy
	Key Points
	Nonpharmacologic Treatment of Hyperuricemia
	Patient Selection and Timing of Treatment Initiation
	Duration of Urate-Lowering Therapy
	Target Serum Urate Goals
	Anti-inflammatory Prophylaxis with Urate-Lowering Therapy Administration
	Urate-Lowering Therapy Adherence


	Xanthine Oxidase Inhibition
	Allopurinol
	Role in Rheumatic Disease and Indications
	Chemical Structure and Mechanism of Action
	Pharmacology
	Dose and Drug Administration
	Toxicity
	Fertility, Pregnancy, and Lactation
	Drug Interactions and Contraindications


	Febuxostat
	Role in Rheumatic Diseases and Indications
	Chemical Structure and Mechanism of Action
	Pharmacology
	Dose and Drug Administration
	Toxicity
	Fertility, Pregnancy, and Lactation
	Drug Interactions and Contraindications


	Uricosurics
	Role in Rheumatic Disease and Indications
	Mechanism of Action
	Pharmacology
	Dose and Drug Administration
	Toxicity
	Fertility, Pregnancy, and Lactation
	Drug Interactions and Contraindications

	Uricases
	Pegloticase
	Role in Rheumatic Disease and Indications
	Chemical Structure and Mechanism of Action
	Pharmacology
	Dose and Drug Administration
	Toxicity
	Fertility, Pregnancy, and Lactation
	Drug Interactions and Contraindications


	Urate-Lowering Drugs in Development
	Selected References
	References

	67 Analgesic Agents in Rheumatic Disease
	Key Points
	The Physiology of Pain Perception the Pain Experience
	Pain Classification
	Pharmacologic Treatment of Chronic Pain
	Opioids
	Opiate Receptor Classes
	Opiate Receptor Distribution and Mechanisms of Opioid-Induced Analgesia
	Tolerance
	Physical Dependence
	Addiction

	Opioid Pharmacology
	Morphine
	Methadone
	Fentanyl
	Oxycodone and Oxymorphone
	Hydromorphone
	Meperidine
	Hydrocodone
	Codeine
	Tramadol
	Tapentadol

	Toxicity
	Respiration
	Sedation
	Neuroendocrine Effect
	Miosis
	Myoclonus and Seizure
	Nausea and Vomiting
	Constipation
	Biliary Spasm
	Urinary Retention
	Pruritus
	Immunosuppression
	Sweating


	Anti-depressants
	Tricyclic Anti-depressants
	Side Effects

	Serotonin-Norepinephrine Reuptake Inhibitors
	Side Effects


	Anti-convulsants
	Mechanism of Action
	Pharmacology of Gabapentin and Pregabalin
	Gabapentin
	Pregabalin
	Toxicity of Gabapentin and Pregabalin


	Muscle Relaxants
	Antispasmodic Medications
	Baclofen
	Dantrolene
	Tizanidine
	Diazepam

	Antispasmodic Medications
	Cyclobenzaprine
	Carisoprodol
	Methocarbamol
	Metaxalone
	Chlorzoxazone
	Orphenadrine
	Efficacy


	Emerging Targets
	Nerve Growth Factor Inhibitors
	Cannabinoid Agonists
	AMPA/Kainate Antagonists
	Angiotensin II Type 2 Receptor Antagonists

	References

	68 Nutrition and Rheumatic Diseases
	Key Points
	Nutrition and the Inflammatory Process
	Role of Omega-3 Fatty Acids and the Inflammatory Process
	Fatty Acid Biochemistry
	Pro-inflammatory Actions of Eicosanoids
	Effect of n-3 Fatty Acids on Pro-inflammatory Cytokine Production
	Effects of n-3 Fatty Acids on Major Histocompatibility Expression
	Effect of n-3 Fatty Acids on Adhesion Molecule Expression
	Effect of n-3 Fatty Acids on Degradative Enzymes
	Importance of the Balance of n-3 and n-6 Fatty Acids in the Inflammatory Process


	Specialized Proresolving Mediators and N-3 Fatty Acids
	Vitamin D and the Inflammatory Process
	Reactive Oxygen Species/Antioxidants and the Inflammatory Process
	Obesity and the Inflammatory Process
	Probiotics and the Inflammatory Process
	Summary

	Nutrition in the Etiology of Rheumatic Diseases
	Rheumatoid Arthritis
	Omega-3 Fatty Acid Consumption
	Red Meat and Protein Consumption
	Tea and Coffee Consumption
	Alcohol Consumption
	Sugar-Sweetened Beverages
	Vitamin D
	Antioxidants and Risk of Rheumatoid Arthritis
	Obesity and Rheumatoid Arthritis

	Gout
	Dietary Factors and Gout
	Fasting and Gout
	Obesity and Gout

	Osteoarthritis

	Nutrition in the Management of Rheumatic Diseases
	Rheumatoid Arthritis
	Dietary n-3 Fatty Acids in the Management of Rheumatoid Arthritis
	Adverse Effects of Fish Oils.
	Role of Omega-3 Supplementation in Rheumatic Diseases with Increased Cardiovascular Disease Risk.

	Antioxidants in the Management of Rheumatoid Arthritis
	Vitamin E.
	Vitamin C.
	Selenium.

	Vitamin D and the Management of Rheumatoid Arthritis
	Dietary Restriction in Rheumatoid Arthritis?Fasting, Vegetarian, and Elimination Diets
	Interactions between Diet, Obesity, and Disease-Modifying Anti-rheumatic Drugs

	Gout
	Osteoarthritis
	Probiotics in the Management of Rheumatic Diseases

	Conclusion
	Selected References
	References

	69 Etiology and Pathogenesis of Rheumatoid Arthritis
	Key Points
	How Rheumatoid Arthritis Begins
	Etiology
	Role of Human Leukocyte Antigen-DR in the Disease Susceptibility and Severity
	Additional Polymorphisms: Cytokines, Citrullinating Enzymes, PTPN22, and Others
	Interactions between Genes and Environment
	Microbiome
	Sex
	Epigenetics
	Changing Epidemiology

	Pathogenic Mechanisms
	Infectious Agents: Direct Infection and Innate Immune Responses
	Toll-like Receptors and the Inflammasome in the Joint
	Bacteria, Mycobacteria, Mycoplasma, and Their Components
	Epstein-Barr Virus, dnaJ Proteins, and Molecular Mimicry
	Parvovirus
	Other Viruses

	Autoimmunity
	Anti-citrullinated Protein Antibodies
	Antibodies to Other Modified Antigens: Anti-carbamylated Peptide Antibodies
	Rheumatoid Factor
	Autoimmunity to Cartilage-Specific Antigens
	Type II Collagen.
	gp39 and Other Cartilage-Specific Antigens.

	Autoimmunity to Nonarticular Antigens
	Glucose-6-Phosphoisomerase
	Heterogeneous Nuclear Ribonucleoprotein-A2 and Heavy-Chain Binding Protein.
	Heat Shock Proteins.



	Synovial Disease and Biology
	Synovial Intimal Lining Cells: Type A and Type B Synoviocytes
	Aggressive Behavior of RA Fibroblast-like Synoviocytes
	Tumor-like Properties.
	Matrix Invasion.


	Synovial T Lymphocytes
	Immunohistologic Patterns
	Regulation of T Cell Aggregate Formation.
	Synovial T Cell Phenotype
	Co-stimulatory Molecules.
	Adhesion Molecules.
	Chemokine Receptors.
	T Cell Receptor Rearrangements.
	Determinants of T Cell Phenotype.


	Synovial T Cell Immunoreactivity

	Activation of Synovial Cells by Cell-Cell Contact with T Lymphocytes
	Restoring T Cell Tolerance

	Regulatory T Cells
	Synovial B Cells
	Cytokine Regulation of Synovial B Cells
	Synovial B Cell Maturation
	Role of B Cells in RA: Clinical Improvement after B Cell Depletion

	Dendritic Cells
	Mast Cells, Polymorphonuclear Leukocytes, and Natural Killer Cells
	Bone Marrow Cells
	Synovitis in Pre- versus Early-Stage versus Late-Stage Rheumatoid Arthritis

	Synovial Fluid and the Synovial Fluid Cartilage Interface
	Polymorphonuclear Leukocytes
	Synovial Fluid Lymphocytes
	Platelets and Platelet Microparticles
	Intra-articular Immune Complexes and Complement Fixation
	Synovial Fluid Immune Complexes
	Immune Complexes Embedded in Cartilage
	Synovial Fluid Complement
	Targeting Complement

	Arachidonate Metabolites
	Prostaglandins
	Leukotrienes
	Anti-inflammatory Arachidonic Acid Metabolites


	Peripheral Blood Lymphocytes
	Role of T Cell Cytokines
	Type 1 T Helper Cell Cytokines
	Type 2 T Helper Cell Cytokines
	Type 17 T Helper Cytokines
	T Helper Cell Cytokine Imbalance

	Role of Macrophage and Fibroblast Cytokines
	Pro-inflammatory Macrophage and Fibroblast Cytokines
	Interleukin-1 Family
	Interleukin-1.
	Interleukin-18.
	Interleukin-33 and Other Alarmins.

	Tumor Necrosis Factor and the Tumor Necrosis Factor Superfamily
	Interleukin-6 Family
	Interleukin-12 Family
	Interleukin-15
	Interleukin-32
	Colony-Stimulating Factors
	Interferons
	Chemokines
	Platelet-Derived Growth Factor and Fibroblast Growth Factor

	Immunosuppressive Cytokines and Cytokine Antagonists
	Interleukin-1 Receptor Antagonist
	Interleukin-10
	Transforming Growth Factor-β
	Soluble Cytokine Receptors and Binding Proteins

	Perpetuation of Synovitis by Cytokine Networks

	Signal Transduction and Transcription Factors
	Nuclear Factor-κB
	Activator Protein-1
	Mitogen-Activated Protein Kinases
	Janus Kinases and the Signal Transducers and Activators of Transcription
	Interferon Regulation: IKK-Related Kinases and Interferon Regulatory Factors
	Spleen Tyrosine Kinase
	PI3 Kinases and Other Signaling Pathways

	Cell Survival and Death in Rheumatoid Synovium
	Reactive Oxygen and Nitrogen
	Apoptosis and Autophagy
	Genes Regulating Apoptosis
	Genes Regulating Autophagy
	Possible Therapeutic Interventions that Increase Apoptosis
	Tumor Suppressor Genes


	Blood Vessels and the Synovial Vasculature
	Angiogenesis: Feeding the Starved Synovium
	Hypoxia
	Angiogenic Factors
	Targeting Angiogenesis

	Adhesion Molecule Regulation
	Integrins and Their Ligands
	Therapeutic Potential of Blocking Adhesion Molecules


	Cartilage and Bone Destruction
	Cartilage Destruction and the Pannus-Cartilage Junction
	Proteases: Mediators of Joint Destruction
	Matrix Metalloproteinases
	Regulation of MMP Production.
	MMP Expression in Synovium.

	Cysteine Proteases: The Cathepsins
	Aggrecanases

	Endogenous Protease Inhibitors
	Regulation of Bone Destruction
	Tissue Repair

	Conclusion
	Selected References
	References

	70 Clinical Features of Rheumatoid Arthritis
	Key Points
	Epidemiology and Disease Burden
	Disease Frequency
	Disease Outcomes

	Pre-clinical Rheumatoid Arthritis
	Diagnosis

	Clinical Presentations of Early Rheumatoid Arthritis
	Patterns of Onset
	Insidious Onset
	Acute or Intermediate Onset
	Atypical Onset
	Other Patterns of Onset
	Palindromic Rheumatism.
	Arthritis Robustus.
	Extra-articular Disease as Initial Presentation.



	Course and Complications of Established Rheumatoid Arthritis
	Articular Manifestations
	Hands and Wrists
	Feet and Ankles
	Cervical Spine
	Intermediate and Large Peripheral Joints
	Temporomandibular, Cricoarytenoid, Sternoclavicular and Manubriosternal Joints

	Extra-articular Manifestations
	Mucocutaneous
	Ocular
	Bone
	Muscle
	Hematologic
	Vasculitis
	Pulmonary
	Pleural Disease.
	Interstitial Lung Disease.
	Obstructive Lung Disease.
	Nodular Lung Disease.

	Cardiovascular
	Atherosclerosis.
	Pericarditis.
	Myocarditis.
	Conduction Defects.
	Endocardial Inflammation and Granulomatous Aortitis.

	Prognosis and Individual Patient Follow-up


	References

	71 Treatment of Rheumatoid Arthritis
	Key Points
	Goal of Rheumatoid Arthritis Treatment
	Classes of Drugs
	Disease-Modifying Anti-rheumatic Drugs
	Methotrexate, Sulfasalazine, Hydroxychloroquine, Leflunomide, and Azathioprine
	Biologic Disease-Modifying Anti-rheumatic Drugs
	Glucocorticoids
	Other Conventional Disease-Modifying Anti-rheumatic Drugs
	Azathioprine.
	Cyclosporine.


	Minocycline and Doxycycline
	Nonsteroidal Anti-inflammatory Drugs

	Treatment Approaches and Strategies
	Treatment of the Disease-Modifying Anti-rheumatic Drug?Naïve Patient
	Initial Therapy?The First Disease-Modifying Anti-rheumatic Drug
	Initiating Treatment with a Single Disease-Modifying Anti-rheumatic Drug versus Combinations of Disease-Modifying Anti-rheumatic Drugs

	The BeSt Study
	Conclusions from the BeSt Study

	Treatment of Early Aggressive Rheumatoid TEAR Trial
	Conclusions from the TEAR Trial

	Treatment of Patients with Active Disease Despite Treatment with Methotrexate
	Rheumatoid Arthritis: Comparison of Active Therapies Trial
	Conclusions from the RACAT Trial

	Treatment of “Refractory? Patients or Those with Active Disease Despite TNF Inhibition
	The Niche for Tofacitinib and Potentially Other Janus Kinase Inhibitors
	How to Manage Patients in Remission Who Are Taking Disease-Modifying Anti-rheumatic Drugs
	Use of Combinations of Biologic Agents

	Interpreting Radiographic Progression and the Use of Other Imaging Modalities
	Adjuncts to Medications
	Patient Education
	Pain Control
	Rest and/or Exercise and Activities of Daily Living

	Treatment of Rheumatoid Arthritis Comorbidities and the Interactions of Rheumatologists with Primary Care Physicians
	Evidence That Patients with Rheumatoid Arthritis are Doing Better
	Research Agenda: Unmet Needs
	The Horizon
	Selected References
	References

	72 Early Synovitis and Early Undifferentiated Arthritis
	Key Points
	What is Early-Stage Synovitis?
	Early-Stage Arthritis Clinics
	What is Undifferentiated Arthritis?
	Characteristics of Early-Stage Undifferentiated Arthritis

	Remission Rates in Early-Stage Undifferentiated Arthritis and Rheumatoid Arthritis
	Joint Destruction in Early-Stage Undifferentiated Arthritis and Rheumatoid Arthritis
	Biologic Mechanisms in Undifferentiated Arthritis and Determinants of Progression to Rheumatoid Arthritis
	Window of Opportunity
	Treatment of Undifferentiated Arthritis
	Individualized Treatment of Undifferentiated Arthritis

	References

	73 Sjögren’s Syndrome
	Key Points
	Historic Perspective
	Definitions and Classification Criteria
	Epidemiology
	Etiology and Pathogenesis
	Genetics
	Adaptive and Innate Immunity
	Autoantibodies
	Glandular Epithelium

	Clinical Features
	Keratoconjunctivitis Sicca
	Xerostomia
	Involvement of Other Exocrine Glands
	Extraglandular Manifestations
	Fatigue
	Raynaud’s syndrome
	Skin
	Joints
	Lung
	Kidney
	Gastrointestinal
	Nervous System
	Vasculitis
	Risk for Cardiovascular Disease

	Lymphoma
	Associated Diseases

	Diagnosis and Diagnostic Tests
	Keratoconjunctivitis Sicca and Xerostomia
	Labial Salivary Gland Biopsy
	Laboratory Evaluation
	Approach to Diagnosis
	Differential Diagnosis

	Treatment
	Outcome
	Conclusion
	Selected References
	References

	74 Etiology and Pathogenesis of Spondyloarthritis
	Key Points
	Etiology of Spondyloarthritis
	Genetics
	Environment

	Pathogenesis of Spondyloarthritis
	Functional Genomics
	HLA-B27
	Arthritogenic Peptides
	HLA-B27 Misfolding
	Free Heavy Chain Dimers and Monomers

	ERAP1
	Genetic Susceptibility Distinct from the Major Histocompatibility Class I Pathway
	IL-23 and the Spondyloarthritis Phenotype
	Cytokines and Cytokine-Producing Cells in Spondyloarthritis


	Structural Damage in Ankylosing Spondylitis
	Bone Homeostasis and Aberrant Bone Formation
	Inflammation and New Bone Formation in Spondyloarthritis

	Current and Future Therapeutic Targets in Spondyloarthritis
	Targeting the IL-23/IL-17 Axis

	Selected References
	References

	75 Ankylosing Spondylitis
	Key Points
	Classification
	Criteria for Ankylosing Spondylitis and Axial Spondyloarthritis

	Epidemiology
	Prevalence
	Incidence
	Racial Distribution
	Burden of Disease

	Genetics
	Major Histocompatibility Complex Associations with Ankylosing Spondylitis
	Non?Major Histocompatibility Complex Associations of Ankylosing Spondylitis
	Aminopeptidase Genes and Ankylosing Spondylitis
	Interleukin-23 Pathway Genes and Ankylosing Spondylitis
	Lymphocyte Development and Activation Genes

	Pathogenesis
	HLA-B27
	ERAP1 and Other Aminopeptidases
	IL-23 Signaling Pathway

	Structural Remodeling and Ankylosis
	Clinical Manifestations
	Skeletal Manifestations
	Low Back Pain and Stiffness
	Chest Pain
	Tenderness
	Joints

	Extraskeletal Manifestations
	Eye Disease
	Cardiovascular Disease
	Pulmonary Disease
	Neurologic Involvement
	Renal Involvement
	Osteoporosis


	Physical Examination
	Spinal Mobility
	Chest Expansion
	Enthesitis
	Sacroiliitis
	Posture

	Laboratory Tests
	Imaging Studies
	Conventional Radiography
	Computed Tomography and Magnetic Resonance Imaging

	Diagnosis
	Ankylosing Spondylitis in Males and Females
	Outcome
	Assessment and Monitoring
	Management
	Physiotherapy
	Pharmacotherapy
	Nonsteroidal Anti-inflammatory Drugs
	Second-Line Drugs

	Biologic Therapies
	Anterior Uveitis
	Surgery
	Osteoporosis


	Conclusion
	Selected References
	References

	76 Undifferentiated Spondyloarthritis
	Key Points
	Epidemiology
	Genetics, Pathogenesis, and Etiology
	Clinical Features
	Laboratory, Radiographic, and Advanced Imaging Findings
	Diagnosis
	Treatment
	References

	77 Psoriatic Arthritis
	Key Points
	Epidemiology
	Clinical Features
	Differential Diagnosis
	Laboratory Features
	Radiographic Features
	Plain Radiography

	Musculoskeletal Ultrasound
	Magnetic Resonance Imaging
	Other Imaging Modalities

	Diagnosis
	Clinical Course and Outcome
	Comorbidities in Psoriatic Arthritis
	Outcome Domains and Instruments
	Pathogenesis
	Genetic Factors
	Environmental Factors
	Animal Models
	Immunopathology
	Psoriasis Skin
	Psoriatic Synovium
	Entheseal Sites

	Cytokines
	Matrix Metalloproteinases and Cartilage Destruction
	Bone Remodeling

	Conclusion
	Treatment
	Traditional Agents

	Biologics
	Selected References
	References

	78 Enteropathic Arthritis
	Key Points
	Gut Mucosa Biology
	Gut Microbiota
	Gastrointestinal-Associated Lymphoid Tissue

	Inflammatory Bowel Disease
	Epidemiology
	Genetics
	Pathogenesis
	Clinical Features
	Diagnosis
	Treatment
	Outcome

	Brucella Arthritis
	Epidemiology
	Etiology and Pathogenesis
	Clinical Features and Diagnosis
	Treatment and Outcome

	Bowel-Associated Dermatosis-Arthritis Syndrome
	Epidemiology
	Etiology and Pathogenesis
	Clinical Features and Diagnosis
	Treatment and Outcome

	Celiac Disease
	Epidemiology
	Genetics
	Etiology and Pathogenesis
	Clinical Features and Diagnosis
	Treatment and Outcome

	Whipple’s Disease
	Epidemiology
	Genetics and Pathogenesis
	Clinical Features
	Diagnosis
	Treatment
	Outcome

	Microscopic Colitis
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Diagnosis
	Treatment and Outcome

	Poncet’s Disease and Bacille Calmette-Guérin?Induced Arthritis
	Epidemiology
	Etiology and Pathogenesis
	Clinical Features and Diagnosis
	Treatment and Outcome

	Enteroviral and Hepatitis Virus?Associated Arthritis
	Epidemiology
	Genetics and Pathogenesis
	Clinical Features

	References

	79 Etiology and Pathogenesis of Systemic Lupus Erythematosus
	Key Points
	Historic View of Lupus Pathogenesis
	Genetic Contributions to Lupus Pathogenesis
	Female Predominance of Systemic Lupus Erythematosus
	Environmental Triggers of Lupus
	Innate Immune System Activation in Systemic Lupus Erythematosus
	Adaptive Immune System Alterations in Systemic Lupus Erythematosus
	Autoimmunity in Systemic Lupus Erythematosus
	Mechanisms of Target Organ Damage
	Conclusion
	References

	80 Clinical Features of Systemic Lupus Erythematosus
	Key Points
	Epidemiology
	Clinical Features
	Mucocutaneous Involvement
	Acute Cutaneous Lupus Erythematosus
	Subacute Cutaneous Lupus Erythematosus
	Chronic Cutaneous Lupus Erythematosus
	Other Systemic Lupus Erythematosus Skin Lesions
	Photosensitivity
	Alopecia
	Mucosal Ulcers
	Dermatopathology and Immunopathology

	Musculoskeletal Involvement
	Arthritis
	Avascular Necrosis
	Myositis
	Renal Involvement
	General Considerations
	Types of Renal Involvement in Systemic Lupus Erythematosus


	Laboratory Evaluation
	Urinalysis
	Measurement of Renal Function
	Renal Biopsy
	Outcome

	Pleuropulmonary Involvement
	Pleuritis
	Lupus Pneumonitis
	Chronic Interstitial Lung Disease
	Diffuse Alveolar Hemorrhage
	Pulmonary Hypertension
	Other

	Cardiovascular Involvement
	Pericarditis
	Myocarditis
	Valvular Abnormalities
	Coronary Artery Disease

	Neuropsychiatric Involvement
	General Considerations
	Pathogenesis
	Approach to Diagnosis
	Selected Neuropsychiatric Lupus Syndromes

	Gastrointestinal Involvement
	Occular Involvement
	Hematologic Involvement
	Anemia
	Leukopenia
	Thrombocytopenia

	Lymphadenopathy and Splenomegaly

	Diagnosis
	Serologic Tests

	Differential Diagnosis
	Neonatal Lupus
	Selected References
	References

	81 Treatment of Systemic Lupus Erythematosus
	Key Points
	General Treatment Strategy
	Drugs Used to Treat Systemic Lupus Erythematosus
	Glucocorticoids
	Anti-malarials and DMARD Therapy
	Hydroxychloroquine
	Methotrexate
	Leflunomide

	Cytotoxic Therapy
	Cyclophosphamide
	Pharmacology and Route of Administration.
	Use in Lupus Nephritis.
	Use in Extrarenal Disease.


	Anti-metabolites
	Azathioprine
	Mycophenolate Mofetil
	Pharmacology.
	Use in Lupus Nephritis.
	Induction Therapy.
	Maintenance Therapy.

	Use in Extrarenal Lupus.


	Calcineurin Inhibitors
	Cyclosporin A
	Pharmacology.
	Use in Proliferative Lupus Nephritis.
	Use in Membranous Lupus Nephropathy.
	Use in Extrarenal Lupus.

	Tacrolimus

	Biologic Therapies
	Belimumab
	Rituximab
	Use in Extrarenal Lupus.
	Use in Lupus Nephritis.


	Biologic Therapies Under Development
	Ocrelizumab
	Epratuzumab
	Atacicept
	Blisibimod
	Abatacept
	Interferon Inhibition
	Anti-IL-6 Therapy

	Other Therapies
	Intravenous Immunoglobulin
	Synthetic Tolerogens


	Management of Specific Systemic Lupus Erythematosus Manifestations and Treatment Algorithms
	Mucocutaneous and Joint Disease
	Lupus Nephritis
	Induction Therapy
	Treatment of Renal Flares

	Central Nervous System Disease
	Hematologic Disease
	Presence of APAs/APS

	Refractory Disease, Pregnancy, and Children
	Treatment of Refractory Systemic Lupus Erythematosus
	Treatment of Lupus in Pregnancy

	Comorbidities
	Infections and Immunizations
	Risk Factors and General Management
	Immunizations

	Chronic Kidney Disease and End-Stage Renal Disease
	Risk Factors and Dialysis
	Renal Transplantation

	Cardiovascular Morbidity
	Osteoporosis
	Malignancy in Lupus
	Emergencies in Patients with Lupus

	Women’s Health Issues
	Conclusion
	Selected References
	References

	82 Anti-phospholipid Syndrome
	Key Points
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Vascular Occlusion
	Pregnancy Morbidity
	Miscellaneous and Noncriteria Manifestations
	Catastrophic Anti-phospholipid Syndrome

	Diagnosis and Diagnostic Tests
	Laboratory Studies
	Imaging Studies
	Pathology
	Differential Diagnosis

	Treatment
	Thrombosis
	Pregnancy Morbidity
	Asymptomatic Anti-phospholipid Antibody?Positive Persons
	Anti-phospholipid Antibody?Positive Persons with Ambiguous or Noncriteria Events
	Catastrophic Anti-phospholipid Syndrome
	Anti-phospholipid Antibody?Negative Persons with a Clinical Event

	Outcome
	References

	83 Etiology and Pathogenesis of Scleroderma
	Key Points
	Etiology
	Genetic Risk: Family Studies
	Genetic Association Studies
	Other Candidate Genes and Genome-wide Association Studies
	Epigenetic Factors

	Infectious Agents and Viruses
	Environmental Exposures, Dietary Supplements, Drugs, and Radiation
	Microchimerism
	Pathology
	General Features
	Vascular Pathology
	Tissue Fibrosis

	Organ-Specific Pathologic Findings
	Skin
	Lungs
	Gastrointestinal Tract
	Kidneys
	Heart
	Pathologic Findings in Other Organs

	Animal Models of Scleroderma
	Heritable Animal Models of Scleroderma
	Inducible Animal Models of Scleroderma
	Genetic Manipulations in Mice Giving Rise to Scleroderma-like Phenotypes

	Pathogenesis
	Integrated Overview
	Vasculopathy
	Vascular Injury and the Activated Endothelium
	Vascular Damage and Failure of Compensatory Vascular Repair
	Hypoxia
	Oxidative Stress and Reactive Oxygen Species

	Inflammation and Immune Dysregulation in the Pathogenesis of Systemic Sclerosis
	Cellular Effectors of Dysregulated Immunity: T Cells, B Cells, and Monocytes/Macrophages
	T Cell Subsets and Activation
	T Helper 1/T Helper 2 Cytokine Balance and Polarized Immune Responses
	Other T Cell Subsets in SSc

	Monocytes and Macrophages
	Dendritic Cells

	Humoral Autoimmunity and B Cells
	Autoantibodies in Scleroderma: Pathogenetic Considerations
	B Cells in Scleroderma
	Type I Interferon Signature and Innate Immune Signaling: Similarities to Systemic Lupus Erythematosus

	Fibrosis
	Extra-cellular Matrix
	Regulation of Collagen Synthesis
	Effector Cells of Fibrosis: Fibroblasts
	Effector Cells of Fibrosis: Myofibroblasts, Pericytes, Endothelial Cells, and Cellular Plasticity
	Fibrocytes and Monocyte-Derived Mesenchymal Progenitor Cells

	Molecular Determinants of Fibrosis: Transforming Growth Factor-β
	Cellular Signaling by Transforming Growth Factor-β: Canonical Smad Pathways
	Noncanonical Transforming Growth Factor-β Signaling

	Cytokines, Growth Factors, Chemokines, and Lipid Mediators
	Connective Tissue Growth Factor/CCN2
	Platelet-Derived Growth Factor
	Developmental Pathways: Wnt and Notch
	Interleukins
	Chemokines
	Angiotensin II
	Bioactive Lipids
	Regulation of Fibroblast Function via Innate Immune Signaling: Toll-like Receptors and the Inflammasome
	Negative Regulation of Extra-cellular Matrix Accumulation
	Interferon-γ
	Peroxisome Proliferator-Activated Receptor-γ

	Scleroderma Fibroblast
	Conclusion
	Selected References
	References

	84 Clinical Features and Treatment of Scleroderma
	Key Points
	Epidemiology
	Incidence and Prevalence
	Survival
	Environmental Exposures

	Clinical Features
	Diagnostic Criteria
	Classification and Clinical Subsets
	Natural History of Disease

	General Principles of Disease Evaluation
	Measuring Disease Activity and Severity
	Autoantibodies

	Clinical Manifestations
	General Principles
	Raynaud’s Phenomenon
	Treatment of Raynaud’s Phenomenon and Digital Ischemia
	Skin Involvement
	Gastrointestinal Involvement
	Oropharynx
	Esophagus
	Stomach
	Lower Gastrointestinal Tract

	Pulmonary Involvement
	Interstitial Lung Disease
	Pulmonary Hypertension

	Cardiac Involvement
	Renal Involvement
	Musculoskeletal Involvement
	Endrocrine Involvement
	Other Associated Manifestations
	Psychosocial Aspects

	Treatment
	Immunotherapy
	Treatment of Fibrosis
	Treatment of Vascular Disease

	Summary of Current Practical Recommendations for Treatment
	Selected References
	References

	85 Inflammatory Diseases of Muscle and Other Myopathies
	Key Points
	Epidemiology
	Etiology of Myositis
	Genetic Risk Factors
	Environmental Risk Factors
	Mimics of Myositis

	Pathogenesis
	Humoral Immune Response
	Cell-Mediated Immune Response
	Class I Major Histocompatibility Complex Expression
	Cytokines and Hypoxia
	Proposed Mechanisms of Muscle Damage

	Clinical Features
	Polymyositis and Dermatomyositis
	Skin
	Lungs
	Arthritis
	Heart
	Gastrointestinal Tract
	Anti-synthetase Syndrome
	Amyopathic Dermatomyositis
	Juvenile Dermatomyositis

	Inclusion Body Myositis
	Necrotizing Myopathies
	Statin Myopathy
	Non?Statin-Induced Necrotizing Myopathy

	Myositis Associated with Malignancies

	Classification and Diagnostic Criteria
	Physical Findings
	Laboratory Findings
	Biochemical Tests
	Histopathology

	Imaging
	Muscles
	Lungs

	Electromyography
	Pulmonary Function Tests
	Differential Diagnosis
	Dystrophic Myopathies
	Dysferlinopathy
	Facioscapulohumeral Muscular Dystrophy
	Dystrophinopathies
	Proximal Myotonic Myopathy
	Sarcoglycanopathy

	Neuromuscular Disorders
	Motoneuron Diseases
	Spinal Muscular Atrophy
	Myasthenia Gravis

	Metabolic Myopathies
	Acid Maltase Deficiency
	McArdle’s Disease

	Mitochondrial Myopathies
	Endocrine Myopathies
	Cushing’s Syndrome
	Hyperthyroid and Hypothyroid Myopathy

	Infectious Myopathies
	Human Immunodeficiency Virus Myopathy
	Human T-Lymphotropic Virus I Myopathy

	Parasitic Myopathies
	Drug-Induced Myopathies

	Management and Outcome
	Pharmacologic Treatment
	Nonpharmacologic Treatment
	Assessing Disease Activity and Outcome
	Muscle Examination
	Manual Muscle Test.
	Functional Index in Myositis.

	Extramuscular Involvement
	Disease Activity and Damage


	Selected References
	References

	86 Overlap Syndromes
	Key Points
	Epidemiology
	Autoimmunity in Overlap Syndromes
	Autoimmunity to Spliceosomal Components
	Autoimmunity to Nucleosomal Components
	Autoimmunity to Proteasomal Components
	Generation of Autoimmunity
	Regulation of Autoimmunity

	Undifferentiated Connective Tissue Disease
	Scleroderma Overlap Syndromes
	Lupus Overlap Syndromes
	Myositis Overlap Syndromes
	Mixed Connective Tissue Disease
	Serologic Features
	Clinical Features
	Diagnosis
	Early Symptoms
	Fever
	Bones and Joints
	Skin and Mucous Membranes
	Muscle
	Blood Vessels
	Heart
	Lung
	Kidney
	Gastrointestinal
	Nervous System
	Blood
	Pregnancy
	Juvenile Mixed Connective Tissue Disease
	Is Mixed Connective Tissue Disease a Distinct Clinical Entity?


	Management of Overlap Syndromes
	Outcome
	Selected References
	References

	87 Classification and Epidemiology of Systemic Vasculitis
	Key Points
	Classification
	First Modern Case: “Periarteritis Nodosa?
	Polyarteritis Nodosa as a Reference Point
	Classification by Vessel Size
	Additional Considerations in Classification
	Historical Efforts at Classification and Nomenclature
	The Zeek Classification
	The American College of Rheumatology Criteria for the Classification of Vasculitides
	The First and Second Chapel Hill Consensus Conferences on Nomenclature

	Sources of Confusion in Classification

	Epidemiology
	Geography
	Age, Sex, and Ethnicity
	Genetics
	Environment

	Additional Resources
	References

	88 Giant Cell Arteritis, Polymyalgia Rheumatica, and Takayasu’s Arteritis
	Key Points
	Giant Cell Arteritis and Polymyalgia Rheumatica
	American College of Rheumatology Criteria
	Definitions
	Giant Cell Arteritis

	Polymyalgia Rheumatica
	Epidemiology
	Etiology, Pathology, and Pathogenesis
	Clinical Features
	Giant Cell Arteritis
	Classic Manifestations.
	Atypical Manifestations.
	Clinical Subsets.

	Polymyalgia Rheumatica

	Laboratory Studies
	Differential Diagnosis
	Diagnostic Evaluation in Giant Cell Arteritis
	Treatment and Outcome
	Initial Treatment for Giant Cell Arteritis
	Subsequent Treatment for Giant Cell Arteritis
	Treatment for Polymyalgia Rheumatica


	Takayasu’s Arteritis
	American College of Rheumatology Classification Criteria
	Epidemiology
	Etiology and Pathogenesis
	Clinical Features
	Laboratory Studies
	Imaging

	Diagnosis and Diagnostic Tests
	Treatment
	Medical Therapy
	Surgical Therapy

	Outcome

	References

	89 Anti-neutrophil Cytoplasmic Antibody?Associated Vasculitis
	Key Points
	Classification Criteria and Nomenclature
	Epidemiology
	Triggering Factors

	Genetics
	Clinical Manifestations
	Granulomatosis with Polyangiitis
	Microscopic Polyangiitis
	Eosinophilic Granulomatosis with Polyangiitis Churg-Strauss Syndrome

	Diagnostic Testing
	Treatment
	Induction of Remission for Granulomatosis with Polyangiitis and Microscopic Polyangiitis
	Maintenance of Remission for Granulomatosis with Polyangiitis and Microscopic Polyangiitis
	Adjunctive and Alternative Agents
	Treatment of EGPA

	Outcomes
	Pathogenesis
	Conclusion
	Selected References
	References

	90 Polyarteritis Nodosa and Related Disorders
	Key Points
	Polyarteritis Nodosa
	Definition and Classification
	Epidemiology
	Etiology and Pathogenesis
	Pathologic Features
	Clinical Features
	Clinical Assessment of Patients
	Laboratory Testing
	Radiology
	Polyarteritis Nodosa in Children
	Microscopic Polyangiitis Versus Polyarteritis Nodosa
	Cutaneous Polyarteritis Nodosa
	Hepatitis B Virus Polyarteritis Nodosa
	Non?Hepatitis B Virus Polyarteritis Nodosa
	Outcome

	Cogan’s Syndrome
	Pathology
	Clinical Features
	Treatment

	Buerger’s Disease
	Pathology
	Clinical Features
	Treatment

	Susac’s Syndrome
	Virus-Induced Vasculitis
	Infections and Vasculitis
	References

	91 Immune Complex?Mediated Small-Vessel Vasculitis
	Key Points
	Pathogenesis
	Arthus Reaction
	Immunogenicity

	Cutaneous Manifestations
	Histopathology
	Light Microscopy
	Direct Immunofluorescence

	Differential Diagnosis
	Clinical Syndromes
	Hypersensitivity Vasculitis
	IgA Vasculitis Henoch-Schönlein Purpura
	Cryoglobulinemic Vasculitis
	Hypocomplementemic Urticarial Vasculitis
	Erythema Elevatum Diutinum
	Vasculitis Associated with Immune-Mediated Disease
	Rheumatoid Vasculitis

	Conclusion
	References

	92 Primary Angiitis of the Central Nervous System
	Key Points
	Epidemiology
	Genetics
	Clinical Features
	Proposed Criteria for Primary Angiitis of the Central Nervous System

	Clinical Subsets
	Granulomatous Angiitis of the Central Nervous System
	Atypical Central Nervous System Vasculitis
	Mass-like Presentation
	Cerebral Amyloid Angiitis
	Angiographically Defined Central Nervous System Vasculitis
	Spinal Cord Presentation
	Nongranulomatous PACNS


	Diagnosis and Diagnostic Tests
	Diagnostic Tests
	Laboratory Findings
	Cerebrospinal Fluid Analysis
	Radiologic Evaluation
	Brain Biopsy


	Differential Diagnosis
	Reversible Cerebral Vasoconstriction Syndromes
	Primary Systemic Vasculitides
	Systemic Autoimmune Diseases
	Infections
	Lymphoproliferative Diseases
	Miscellaneous

	Treatment
	Outcome
	Conclusion
	References

	93 Behçet’s Disease
	Key Points
	Epidemiology
	Etiology and Pathogenesis
	Genetics
	Immune Mechanisms
	Infectious Agents

	Clinical Features
	Aphthae
	Cutaneous Manifestations
	Ophthalmic Manifestations
	Arthritis
	Other Systemic Manifestations

	Histopathology
	Diagnosis
	Treatment
	Mucocutaneous Disease
	Severe Mucocutaneous Disease
	Systemic Disease

	Outcome
	References

	94 Etiology and Pathogenesis of Hyperuricemia and Gout
	Key Points
	Evolutionary Considerations
	Uric Acid as a Danger Signal
	Uric Acid and Human Evolution

	Uric Acid Production and Excretion: Normal Levels and Hyperuricemia
	Urate Production: Purine Metabolism and Intake
	Purine Biosynthesis
	Urate Formation and Purine Salvage

	Urate Overproduction: Primary and Secondary Causes
	Primary Urate Overproduction
	Secondary Urate Overproduction and Hyperuricemia

	Urate Excretion: Gastrointestinal and Renal Mechanisms
	Gastrointestinal Excretion of Urate
	Renal Excretion of Uric Acid: Normal Mechanisms
	Urate Resorption.
	Urate Secretion.


	Renal Causes of Hyperuricemia
	Primary Urate Underexcretion
	Secondary Causes of Renal Urate Underexcretion
	Age and Sex.
	Systemic Illnesses.
	Medications.
	Toxins.


	Diet and Uric Acid
	Purine-Rich Foods
	Fructose
	Alcoholic Beverages
	Other Dietary Components


	Crystal Formation: the Transition From Hyperuricemia to Gout
	Acute Gout Flares: the Inflammatory Response to Monosodium Urate Crystals
	Uric Acid Crystals and Complement Activation
	Cellular Response to Crystals
	Cell Recognition of Crystalline Urate
	Intra-cellular Responses to Urate Crystal Encounters
	Initiation and Propagation of the Acute Gouty Flare
	Resolution of the Acute Gouty Flare

	Chronic Gouty Arthritis and Tophaceous Gout

	Effects of Hyperuricemia in the Absence of Gout
	Selected References
	References

	95 Clinical Features and Treatment of Gout
	Key Points
	Epidemiology
	Environmental Factors
	Genetics
	Clinical Features
	Asymptomatic Hyperuricemia
	Acute Gouty Arthritis
	Intercritical Gout
	Chronic Gouty Arthritis

	Associated Conditions
	Renal Disease
	Lead Intoxication
	Cyclosporine-Induced Hyperuricemia and Gout

	Classification of Hyperuricemia and Gout
	Primary Gout
	Secondary Gout

	Treatment
	Asymptomatic Hyperuricemia
	Acute Gouty Arthritis
	Colchicine
	Nonsteroidal Anti-inflammatory Drugs
	Corticosteroids
	Adrenocorticotropic Hormone
	IL-1 Inhibition
	Prophylaxis

	Control of Hyperuricemia

	Compliance with Treatment
	Management of Gout after Organ Transplantation
	Ancillary Factors
	Conclusion
	Selected References
	References

	96 Calcium Crystal Disease
	Key Points
	Epidemiology
	Genetics
	Etiology and Pathogenesis
	Dysregulated PPi Metabolism in Pathologic Articular Cartilage Calcification
	Role of ENPP1 and ANKH in PPi Metabolism in Chondrocalcinosis
	Imbalance of Chondrocyte Growth Factor Responses Affects PPi Metabolism in CPPD
	CPPD Deposition Disease Secondary to Primary Metabolic Disorders: Relationship to PPi Metabolism and Chondrocyte Differentiation
	Inflammation and Hypertrophic Chondrocyte Differentiation in Chondrocalcinosis
	Special Pathogenic Aspects of Articular and Periarticular Basic Calcium Phosphate Crystal Deposition
	Crystal-Induced Inflammation

	Clinical Features
	Calcium Pyrophosphate Dihydrate Crystal Deposition Disease
	Acute Calcium Pyrophosphate Dihydrate Crystal-Associated Synovitis Pseudogout
	Chronic Degenerative and Inflammatory Arthropathies
	Other Clinical Forms of CPPD
	Familial CPPD

	Articular Basic Calcium Phosphate Crystal Disease
	Diagnosis and Diagnostic Tests
	Differential Diagnosis
	Differential Diagnostic Considerations for Basic Calcium Phosphate Crystal Deposition
	Plain Radiographs
	High-Resolution Ultrasound and Advanced Imaging
	Laboratory Diagnostic Tests

	Treatment
	CPPD
	Basic Calcium Phosphate Crystal Arthropathies
	Future Directions in Treatment

	Outcome
	Conclusion
	Selected References
	References
	Websites

	97 Familial Autoinflammatory Syndromes
	Key Points
	Differential Diagnosis
	Familial Mediterranean Fever
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome

	Mevalonate Kinase Deficiency Hyper-IgD Syndrome
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome

	Tumor Necrosis Factor Receptor?Associated Periodic Syndrome TRAPS
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome

	Cryopyrin-Associated Periodic Syndrome
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features and Outcome
	Familial Cold Autoinflammatory Syndrome
	Muckle-Wells Syndrome
	Chronic Infantile Neurologic Cutaneous and Articular Syndrome

	Diagnosis and Diagnostic Tests
	Treatment

	Blau Syndrome/Early-Onset Sarcoidosis
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features and Outcome
	Diagnosis
	Treatment

	Pyogenic Sterile Arthritis, Pyoderma Gangrenosum, and Acne Syndrome
	Epidemiology
	Etiology/Pathogenesis
	Clinical Features and Outcome
	Diagnosis
	Treatment

	Deficiency of the IL-1 Receptor Antagonist
	Conclusion
	Selected References
	References

	98 Pathogenesis of Osteoarthritis
	Key Points
	Etiology
	Age
	Joint Location
	Obesity
	Genetic Predisposition
	Joint Malalignment and Trauma
	Sex

	Pathology
	Morphologic Changes
	Early Reparative, Proliferative, and Hypertrophic Changes in Cartilage
	Osteophyte Formation
	Cartilage Hypocellularity

	Alterations in Cartilage Matrix Metabolism
	Biochemical Changes
	Metabolic Changes
	Anabolic Factors �吀䜀䘀ⴃ눀Ⰰ 䈀漀渀攀 䴀漀爀瀀栀漀最攀渀椀挀 倀爀漀琀攀椀渀猀 and Cartilage Repair
	Catabolic Factors and Cartilage Degradation

	Classes of Proteinases
	Metalloproteinases
	Collagenases
	Cathepsins
	Aggrecanases
	Enzyme Inhibitors

	Alterations in Matrix Synthesis
	Chondrocyte Senescence
	Biomechanics and Disease Mechanisms
	Biomechanical Changes
	Muscle Weakening in Mechanical Loading
	Response of Cartilage to Mechanical Injury

	Mechanotransduction and Gene Expression
	Abnormalities of Bone
	Osteophyte Formation
	Subchondral Bone Sclerosis
	Bone Marrow Lesions

	Role of Inflammatory Mediators in Disease Progression
	Inflammatory Molecules Produced by Articular Cartilage
	Cytokines and Chemokines
	Proteinases
	Nitric Oxide
	Transforming Growth Factor-β
	Hyaluronic Acid
	Prostaglandins
	F-Spondin

	Inflammatory Mediators in Bone
	Abnormalities of Synovium

	Biomarkers
	Conclusion
	Selected References
	References

	99 Clinical Features of Osteoarthritis
	Key Points
	Epidemiology of Osteoarthritis
	Prevalence of Radiographic Osteoarthritis
	Prevalence of Symptomatic Osteoarthritis
	Racial Differences in OA Prevalence
	Primary and Secondary Osteoarthritis

	Clinical Features
	General Symptoms and Signs
	Joint-Specific Symptoms and Signs: Knee
	Joint-Specific Symptoms and Signs: Hip
	Joint-Specific Symptoms and Signs: Hand
	Joint-Specific Symptoms and Signs: Spine
	Joint-Specific Symptoms and Signs: Shoulder
	Joint-Specific Symptoms and Signs: Other Joints
	Polyarticular Osteoarthritis
	Nodal Osteoarthritis and Genetics

	Diagnostic Testing
	Diagnostic Approach
	Laboratory Testing
	Synovial Fluid
	Molecular Biomarkers

	Imaging: Conventional Radiography and General Considerations
	Imaging: Conventional Radiography of Specific Joints
	Imaging: Advanced Modalities
	Magnetic Resonance Imaging
	Ultrasound
	Computed Tomography
	Nuclear Medicine


	Outcome
	Pain and Functional Status Assessment
	Self-Reported Measures of Pain and Function
	Performance-Based Assessment

	Quality of Life
	Time to Total Joint Replacement
	Responder Criteria
	Mortality in Osteoarthritis

	Conclusion
	References

	100 Treatment of Osteoarthritis
	Key Points
	Nonpharmacologic Treatments
	Psychosocial Interventions
	Avoiding Painful Joint Loading
	Exercise
	Strategies to Realign the Joint

	Pharmacologic Treatments
	Acetaminophen Paracetamol
	NSAIDs Including Oral and Topical Agents and COX-2 Inhibitors
	Corticosteroids as a Treatment for Osteoarthritis
	Opioids
	Duloxetine

	Controversial Therapies
	Glucosamine and Chondroitin
	Hyaluronic Acid Injections
	Tetracyclines
	Hydroxychloroquine

	Unproven Remedies in Osteoarthritis
	Surgery for Osteoarthritis
	Arthroscopy and Meniscal Surgery
	Total Joint Arthroplasty
	Joint Distraction

	References

	101 Metabolic Bone Disease
	Key Points
	Osteoporosis
	Epidemiology and Clinical Signs
	Pathophysiology of Menopausal and Age-Related Bone Loss
	Osteoporosis in Men
	Osteoporosis in Rheumatic Diseases and Other Conditions

	Assessment of Bone Density and Osteoporotic Risk
	Markers of Bone Turnover
	Evaluation for Secondary Bone Loss


	Treatment
	Calcium
	Estrogen
	Selective Estrogen Receptor Modulators

	Testosterone
	Calcitonin
	Anti-resorptive Drugs
	Bisphosphonates
	RANK Ligand Inhibitor
	Adverse Events Associated with Potent Anti-resorptive Agents

	Parathyroid Hormone
	New Medications in Clinical Development
	Odanacatib
	Romosozumab

	Vitamin D
	Preventive Measures

	Glucocorticoid-Induced Osteoporosis
	Osteomalacia
	Paget’s Disease of Bone
	Cause
	Clinical Features
	Laboratory Findings
	Diagnosis
	Treatment
	Calcitonin
	Bisphosphonates


	Osteoporosis Induced by Other Medications
	Selected References
	References

	102 Proliferative Bone Diseases
	Key Points
	Diffuse Idiopathic Skeletal Hyperostosis
	Epidemiology
	Etiology and Pathogenesis
	Genetic Factors
	Metabolic Factors
	Other Bone Formation?Promoting Pathways

	Clinical Manifestations
	Spinal Involvement
	Extraspinal Involvement
	Fracture Risk and Heterotropic Ossification

	Treatment

	Hypertrophic Osteoarthropathy
	Etiology
	Primary Hypertrophic Osteoarthropathy
	Secondary Hypertrophic Osteoarthropathy

	Pathogenesis
	Clinical Manifestations
	Treatment

	SAPHO Syndrome
	Etiology and Pathogenesis
	Clinical Manifestations and Imaging
	Treatment

	Selected References
	References

	103 Osteonecrosis
	Key Points
	Epidemiology
	Etiology
	Clinical Features
	Osteonecrosis
	Staging Osteonecrosis
	Bone Marrow Edema
	Bisphosphonates, Denosumab, and Osteonecrosis of the Jaw

	Pathogenesis
	Anatomic Considerations in Trauma-Related Osteonecrosis
	Nontraumatic Osteonecrosis
	Mechanical and Vascular Considerations
	Osteoimmunology
	Osteoblast/Osteoclast Balance
	Apoptosis and Osteonecrosis
	Lipids and Osteonecrosis
	Coagulation and Osteonecrosis
	Oxidative Stress and Osteonecrosis
	Radiation and Osteonecrosis
	Nitric Oxide Synthase and Osteonecrosis
	Multihit Hypothesis
	Microorganisms and the Microbiota in Osteonecrosis: Environmental Considerations
	Genetic and Epigenetic Considerations

	Diagnosis
	History and Physical Examination
	Diagnostic Imaging
	Markers of Disease

	Outcome
	Treatment
	Surgery
	Nonsurgical Approaches

	Recent Developments
	Prevention Versus Treatment
	Mesenchymal Stem Cells

	Conclusion
	Selected References
	References

	104 Relapsing Polychondritis
	Key Points
	Epidemiology
	Pathology
	Normal Cartilage
	Relapsing Polychondritis Cartilage

	Pathogenesis
	Clinical Features
	Otorhinologic Disease
	Respiratory Disease
	Cardiovascular Disease
	Eye Disease
	Renal Disease
	Neurologic Disease
	Mucocutaneous
	Joint Disease

	Associated Disorders
	Differential Diagnosis
	Investigations
	Routine Laboratory Tests
	Tissue Sampling/Histopathology
	Pulmonary Studies
	Cardiac Studies
	Ophthalmologic Studies
	Imaging
	Additional Studies

	Treatment
	Outcome
	Conclusion
	References

	105 Heritable Diseases of Connective Tissue
	Key Points
	Skeletal Dysplasias
	Embryology
	Cartilage Structure
	Classification and Nomenclature
	Clinical Evaluation and Features
	Diagnostic Tests and Diagnosis
	Treatment
	Biochemical and Molecular Abnormalities

	Defects in Extra-Cellular Structural Proteins
	Type II Collagen and Type XI Collagen
	Cartilage Oligomeric Matrix Protein
	Conclusion

	Osteogenesis Imperfecta
	Mild Osteogenesis Imperfecta Type I OI
	Molecular Pathology

	Lethal Osteogenesis Imperfecta Type II OI
	Molecular Pathology

	Severely Deforming Osteogenesis Imperfecta Type III OI
	Molecular Pathology

	Osteogenesis Imperfecta of Moderate Severity Type IV OI
	Molecular Pathology

	Type V Osteogenesis Imperfecta
	Histopathology of Bone in Osteogenesis Imperfecta
	Treatment

	Ehlers-Danlos Syndrome
	Ehlers-Danlos Syndrome Classic Type
	Clinical Features

	Ehlers-Danlos Syndrome Hypermobility Type
	Structural and Molecular Pathology of the Classic and Hypermobile Type of Ehlers-Danlos Syndrome
	Ehlers-Danlos Syndrome Vascular Type
	Molecular Pathology

	Therapy in the Classic, Hypermobility, and Vascular Types of Ehlers-Danlos Syndrome
	Arthrochalasia Type
	Molecular Pathology
	Ehlers-Danlos Syndrome Dermatosparaxis Type
	Ehlers-Danlos Syndrome Kyphoscoliosis Type
	Molecular Pathology

	Other Ehlers-Danlos Syndrome Types

	Marfan Syndrome
	Clinical Features
	Differential Diagnosis
	Homocystinuria

	Molecular Biology of Marfan Syndrome
	Treatment

	Loeys-Dietz Syndrome
	Congenital Contractural Arachnodactyly
	Conclusion
	References

	106 Etiology and Pathogenesis of Juvenile Idiopathic Arthritis
	Key Points
	Histologic Features of Synovium in Juvenile Idiopathic Arthritis
	Genetics of Juvenile Idiopathic Arthritis

	Adaptive Immune System
	T Cells
	Antigen-Presenting Cells
	B Cells
	Innate Immune System
	Macrophages/Monocytes

	Neutrophils
	Stromal Cells

	Disease Subtype?Specific Pathogenesis
	Systemic Juvenile Idiopathic Arthritis
	Macrophage Activation Syndrome
	Oligoarthritis
	Rheumatoid Factor?Positive Polyarthritis
	Rheumatoid Factor?Negative Polyarthritis
	Enthesitis-Related Arthritis
	Psoriatic Arthritis

	Conclusion
	References

	107 Clinical Features and Treatment of Juvenile Idiopathic Arthritis
	Key Points
	Classification Criteria for Juvenile Idiopathic Arthritis and Differential Diagnosis
	Oligoarticular Juvenile Idiopathic Arthritis
	Rheumatoid Factor?Negative Polyarticular Juvenile Idiopathic Arthritis
	Rheumatoid Factor?Positive Polyarticular Juvenile Idiopathic Arthritis
	Juvenile Spondyloarthritis/ Enthesitis-Related Arthritis
	Juvenile Psoriatic Arthritis
	Systemic Juvenile Idiopathic Arthritis
	Special Considerations: Macrophage Activation Syndrome

	Treatment
	Nonsteroidal Anti-inflammatory Drug Use in Children
	Intra-articular Steroid Injections
	Corticosteroid Use in Children with Juvenile Idiopathic Arthritis
	Methotrexate
	Biologic Agents
	Tumor Necrosis Factor Inhibitors
	Abatacept
	IL-1 Inhibitors
	IL-6 Inhibitors

	Other Disease-Modifying Anti-rheumatic Drugs and Biologics

	Treatment of Juvenile Idiopathic Arthritis Subtypes
	Treatment of Oligoarticular Juvenile Idiopathic Arthritis
	Treatment of Polyarticular Juvenile Idiopathic Arthritis
	Treatment of Juvenile Spondylitis
	Treatment of Juvenile Psoriatic Arthritis
	Treatment of Systemic Juvenile Idiopathic Arthritis

	Uveitis
	Imaging
	Outcomes
	Oligoarticular Juvenile Idiopathic Arthritis
	Rheumatoid Factor?Negative Polyarticular Juvenile Idiopathic Arthritis
	Rheumatoid Factor?Positive Polyarticular Juvenile Idiopathic Arthritis
	Juvenile Spondyloarthritis
	Juvenile Psoriatic Arthritis
	Systemic Juvenile Idiopathic Arthritis

	Special Considerations in Children
	Conclusion
	Selected References
	References

	108 Pediatric Systemic Lupus Erythematosus, Juvenile Dermatomyositis, Scleroderma, and Vasculitis
	Pediatric Systemic Lupus Erythematosus
	Definition and Classification
	Epidemiology
	Genetics and Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome

	Drug-Induced Lupus
	Neonatal Lupus
	Definition and Classification
	Genetics and Pathogenesis
	Clinical Features
	Treatment
	Conclusion

	Juvenile Dermatomyositis
	Definition and Classification
	Epidemiology
	Genetics
	Etiology and Pathogenesis
	Maternal Microchimerism
	Infectious and Environmental Triggers

	Clinical Features
	Characteristic Rash
	Proximal Muscle Weakness
	Systemic Manifestations
	Lung Disease
	Heart Disease
	Amyotrophic Dermatomyositis
	Malignancy

	Diagnosis and Diagnostic Tests
	Autoantibody Profiles
	Muscle Pathology
	Peripheral Blood Phenotyping in Juvenile and Adult Dermatomyositis

	Differential Diagnosis
	Treatment
	Traditional Therapies
	Therapy for Refractory Disease
	Consensus Protocols

	Outcome
	Conclusion

	Pediatric Scleroderma: Systemic and Localized Forms
	Epidemiology
	Genetics
	Pathogenesis Shared Between LS and SSc
	Systemic Sclerosis
	Classification

	Clinical Features
	Vascular Manifestations
	Cutaneous Manifestations
	Gastrointestinal Manifestations
	Pulmonary Involvement
	Musculoskeletal Involvement
	Cardiac Involvement
	Renal Dysfunction
	Neurologic Involvement

	Diagnosis and Diagnostic Tests
	Evaluation/Disease Monitoring of the Patient with jSSc

	Treatment
	Outcome
	Localized Scleroderma
	Classification
	Clinical Features
	Cutaneous Manifestations
	Disease Activity and Damage Features: Clinical and Histologic Findings.

	Extracutaneous Manifestations.

	Diagnosis and Diagnostic Tests
	Diagnosis.
	Diagnostic Tests.

	Treatment
	Other Therapies.

	Outcome

	Conclusion: LS and SSc

	Pediatric Vasculitis
	Small-Vessel Vasculitis: Henoch-Schönlein Purpura
	Definition and Classification
	Epidemiology
	Etiology and Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcomes/Prognosis

	Medium-Vessel Vasculitis: Kawasaki’s Disease
	Classification
	Epidemiology
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome

	Anti-neutrophil Cytoplasm Antibody?Associated Vasculitis, Polyarteritis Nodosa, and Takayasu’s Arteritis
	Definition and Classification

	Anti-neutrophil Cytoplasm Antibody-Associated Vasculitis
	Epidemiology
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment

	Polyarteritis Nodosa
	Classification
	Clinical Features
	Diagnostic Testing and Treatment

	Takayasu’s Arteritis
	Classification and Epidemiology
	Clinical Features
	Treatment and Outcome

	Central Nervous System Vasculitis
	Definition and Classification
	Epidemiology
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Outcome


	Selected References
	References

	109 Bacterial Arthritis
	Key Points
	Epidemiology
	Etiology
	Pathogenesis
	Clinical Features
	Diagnosis and Diagnostic Tests
	Treatment
	Prosthetic Joint Infections
	Prevention of Prosthetic Joint Infections

	Conclusion
	References

	110 Lyme Disease
	Key Points
	Ecology and Epidemiology of Lyme Disease
	Ticks and Lyme Disease
	Pathogenesis
	Borrelia burgdorferi Invasion of the Mammalian Host
	Pathology of Lyme Disease
	Immune Response to Borrelia burgdorferi
	Mechanisms of Spirochete Persistence

	Clinical Features
	Early Localized Infection
	Early Disseminated Infection
	Skin Disease
	Cardiac Disease
	Nervous System Involvement
	Other Organ System Involvement

	Late Disease
	Neurologic Disease
	Skin Disease


	Lyme Arthritis and Other Musculoskeletal Manifestations of Lyme Disease
	Antibiotic-Refractory Lyme Arthritis

	Diagnosis
	Serologic Testing
	Antibodies to Borrelia burgdorferi in Cerebrospinal Fluid
	Polymerase Chain Reaction
	Other Tests
	Imaging

	Treatment and Outcome
	Pregnancy and Lyme Disease

	Outcome
	Chronic Lyme Disease and Post?Lyme Disease Syndrome

	Prevention
	Conclusion
	Selected References
	References

	111 Mycobacterial Infections of Bones and Joints
	Key Points
	Clinical Scenarios
	Direct Involvement of the Musculoskeletal System
	Spondylitis
	Tuberculous Osteomyelitis
	Septic Arthritis

	Emergence of Tuberculosis During the Treatment of Rheumatic Diseases
	Rheumatic Disorders Precipitated By the Treatment of Tuberculosis
	Reactive Immunologic Phenomena in the Setting of Tuberculosis

	Diagnosis
	Tuberculin Skin Test
	Interferon-γ Release Assays

	Imaging
	Culture
	Polymerase Chain Reaction


	Treatment
	Osteoarticular Infections Caused by Nontuberculous Mycobacteria
	Emergence of Nontuberculous Mycobacterial Infections During the Treatment of Rheumatic Diseases
	References

	112 Fungal Infections of Bones and Joints
	Key Points
	Coccidioidomycosis
	Blastomycosis
	Cryptococcosis
	Candidiasis
	Sporotrichosis
	Aspergillosis
	Histoplasmosis
	Scedosporiosis
	Treatment of Fungal Infection
	Fungal Infection as a Consequence of Anti-rheumatic Therapy
	Selected References
	References

	113 Rheumatic Manifestations of Human Immunodeficiency Virus Infection
	Key Points
	HIV-Associated Bone and Joint Disease
	HIV-Associated Arthralgia
	Painful Articular Syndrome
	HIV-Associated Arthritis
	Reactive Arthritis Occurring in HIV Infection
	Treatment

	Psoriasis and Psoriatic Arthritis
	Undifferentiated Spondyloarthritis
	Avascular Necrosis of Bone
	Hypertrophic Pulmonary Osteoarthropathy
	Osteopenia and Osteoporosis

	HIV-Associated Muscle Disease
	Myalgia and Fibromyalgia
	Non-inflammatory Necrotizing Myopathy and HIV-Related Wasting Syndrome
	Nemaline Myopathy
	HIV-Associated Polymyositis
	Inclusion Body Myositis
	Myopathy Associated with Treatment
	Rhabdomyolysis

	Diffuse Infiltrative Lymphocytosis Syndrome
	Vasculitis Associated with HIV Infection
	Primary Pulmonary Hypertension
	HIV-Associated Musculoskeletal Infection
	Pyomyositis
	Bacterial Arthritis and Osteomyelitis
	Musculoskeletal Tuberculosis
	Atypical Mycobacterial Infection
	Bacillary Angiomatosis Osteomyelitis
	Fungal Infections
	Parasitic Infections

	Response of Other Rheumatic Diseases to HIV Infection
	HAART-Related Immune Reconstitution Syndrome
	Rheumatologic Complications of HIV Treatment
	Laboratory Abnormalities Associated with HIV Infection
	Conclusion
	References

	114 Viral Arthritis
	Key Points
	Key Examples of Arthritogenic Viruses
	Parvovirus B19
	Rubella Virus
	Chikungunya Alphavirus
	Epstein-Barr Virus
	Hepatitis C Virus
	Arthritogenic Viruses Use the Innate Interferon-Type I Response to Favor Persistence
	Arthritogenic Viruses Engage Trojan Horse Scenario to Avoid Adaptive Immunity
	Other Mechanisms Favoring Viral Persistence Inside Synovial Tissues
	Mechanisms Involved in Chronic Arthralgias
	Mechanisms Involved in Chronic Inflammatory Viral Arthritis Resembling Rheumatoid Arthritis
	Treatment and Prevention

	Conclusion
	Selected References
	References

	115 Rheumatic Fever and Post-streptococcal Arthritis
	Key Points
	Rheumatic Fever and Rheumatic Heart Disease
	Etiologic Agent S. pyogenes
	Epidemiology
	Clinical Manifestations
	Acute Rheumatic Fever
	Pharyngitis
	Arthritis
	Acute Carditis
	Transition from Acute to Chronic Heart Disease
	Indolent Carditis
	Subclinical Carditis
	Rheumatic Heart Disease
	Sydenham’s Chorea
	PANDAS
	Fever
	Erythema Marginatum
	Subcutaneous Nodules

	Genetic Associations
	Innate Immunity
	Adaptive Immunity

	Pathologic Effector Mechanisms and Autoimmunity
	Immune Complex
	Molecular Mimicry and Epitope Spreading
	Arthritis
	Sydenham’s Chorea
	Rheumatic Heart Disease
	Cytokines and the Inflammatory Process

	Diagnostic Tests
	Throat Cultures
	Rapid Antigen Testing
	Streptococcal Antibody Tests
	Acute-Phase Reactants
	Other Laboratory Tests
	Chest Radiography
	Electrocardiography
	Echocardiography

	Diagnosis
	Treatment
	Primary Prophylaxis
	Acute Rheumatic Fever Treatment
	Eradication of Streptococcus.
	Acute Carditis.
	Heart Failure.
	Emergency Valve Surgery.
	Arthritis and Fever.
	Chorea.

	Rheumatic Heart Disease Management
	Secondary Prophylaxis
	Infective Endocarditis Prophylaxis

	Vaccine Development

	Post-streptococcal Arthritis
	Conclusion
	References

	116 Amyloidosis
	Key Points
	Classification and Epidemiology
	Pathology and Pathogenesis of Amyloid Fibril Formation
	Pathologic Features
	Pathogenesis of Amyloid Fibril Formation

	Diagnosis
	Clinical Features and Treatment
	AL Amyloidosis
	AA Amyloidosis
	Aβ2M Amyloidosis
	ATTR Amyloidosis

	Conclusion
	References

	117 Sarcoidosis
	Key Points
	Classification Criteria
	Epidemiology
	Etiology
	Genetics
	Pathogenesis
	Clinical Features
	Acute Sarcoid Arthritis
	Chronic Sarcoid Arthritis

	Diagnosis and Diagnostic Tests
	Treatment
	General Approach
	Management of Sarcoid Arthritis

	Outcome and Prognosis
	Conclusion
	References

	118 Hemochromatosis
	Key Points
	Iron Metabolism in Health and Disease
	Genetics
	Other Inherited Iron-Overload Syndromes

	Epidemiology
	Influence of Other Genes and Environment
	Pathogenesis
	Clinical Features
	Extra-Articular Manifestations
	Articular Features

	Differential Diagnosis
	Diagnostic Tests
	Screening
	Population Screening
	Screening People with a Positive Family History
	Screening in Patients with Related Diseases

	Treatment
	Outcome
	Conclusion
	References

	119 Hemophilic Arthropathy
	Key Points
	Clinical Features
	Acute Hemarthrosis
	Synovitis
	Hemophilic Arthropathy
	Muscle and Soft Tissue Hemorrhage
	Pseudotumor
	Osteoporosis

	Diagnosis
	Conventional Radiography
	Magnetic Resonance Imaging
	Ultrasonography
	Biochemical Markers

	Pathogenesis
	Synovial Inflammation and Proliferation
	Cartilage Degeneration

	Treatment of Hemophilia
	Complications of Treatment
	Inhibitors
	Viral Infections


	Treatment of Musculoskeletal Complications
	Comprehensive Care
	Acute Hemarthrosis
	Chronic Synovitis
	Hemophilic Arthropathy

	Conclusion
	References

	120 Rheumatic Manifestations of Hemoglobinopathies
	Key Points
	Thalassemias
	Sickle Cell Anemia and Related Disorders
	Diagnosis of Hemoglobinopathies
	Treatment
	Musculoskeletal Involvement: Sickle Cell Disease
	Vaso-Occlusive Crisis of Bone
	Dactylitis
	Osteomyelitis
	Acute Synovitis and Septic Arthritis
	Growth Disturbance
	Osteopenia and Osteoporosis
	Osteonecrosis
	Iron Metabolism

	Musculoskeletal Involvement: Thalassemias
	Decreased Bone Density, Osteoporosis
	Extramedullary Hematopoiesis
	Iron Metabolism

	Comorbid Rheumatic Disease
	Autoimmune Disorders
	Gout

	Conclusion
	References

	121 IgG4-Related Disease
	Key Points
	Epidemiology
	Etiology and Pathogenesis
	The IgG4 Molecule: Central or Not?
	B Cell Lineage
	T Cells
	Serum IgG4 Concentrations
	Dramatic IgG4 Elevations in a Minority of Patients
	A Diagnostic Paradox
	IgG4 as a Biomarker of Disease Activity
	Serum IgG4 in Other Conditions


	Clinical Manifestations
	Orbits
	Nervous System Disease
	Salivary Glands
	Ear/Nose/Throat
	Thyroid Gland
	Lymphadenopathy
	Thoracic Aorta, Branches of the Aorta, and Coronary Lesions
	Chronic Periaortitis and Retroperitoneal Fibrosis
	Lung
	Kidney
	Pancreas
	IgG4-Related Sclerosing Cholangitis and Cholecystitis
	Other

	Pathologic Features
	Histologic Features
	Immunostaining
	Morphologic Change of Affected Organs

	Differential Diagnosis
	Treatment
	References

	122 Arthritis Accompanying Endocrine and Metabolic Disorders
	Key Points
	Adrenal Gland Disorders
	Acromegaly
	Bone Mass and Quality in Acromegaly

	Hypothalamic-Gonadal Axis
	Adrenal Androgens in Rheumatoid Arthritis

	Diabetes Mellitus
	Shoulder
	Hands
	Feet
	Muscles
	Diffuse Idiopathic Skeletal Hyperostosis

	Hypothyroidism
	Thyroid Disease
	Thyroid Disorders in Patients with Rheumatic Disease
	Systemic Lupus Erythematosus
	Rheumatoid Arthritis and Psoriatic Arthritis
	Sjögren’s Syndrome
	Scleroderma and Mixed Connective Tissue Disease
	Juvenile Idiopathic Arthritis
	Spondyloarthritis
	Hashimoto’s Thyroiditis

	Hypoparathyroidism
	Similarities to Other Rheumatic Diseases
	Systemic Lupus Erythematosus

	Hyperparathyroidism
	Selected References
	References

	123 Musculoskeletal Syndromes in Malignancy
	Key Points
	Paraneoplastic Syndromes
	Carcinomatous Polyarthritis
	Vasculitis
	Cryoglobulinema
	Panniculitis
	Palmar Fasciitis
	Reflex Sympathetic Dystrophy
	Erythromelalgia
	Polymyalgia Rheumatica
	Raynaud’s Phenomenon and Digital Necrosis
	Remitting Seronegative Symmetric Synovitis with Pitting Edema
	Multicentric Reticulohistiocytosis
	Lupus-like Syndromes
	Anti-phospholipid Antibody Syndrome
	Osteomalacia
	Sarcoidosis
	Lymphomatoid Granulomatosis
	Inflammatory Myopathies
	Risk of Malignancy in Systemic Autoimmune Diseases
	Lymphoproliferative Disorders
	Sjögren’s Syndrome
	Rheumatoid Arthritis
	Disease-Modifying Anti-rheumatic Drug Therapy
	Risk of Solid Tumors

	Systemic Lupus Erythematosus
	Systemic Sclerosis


	Primary Tumors and Metastatic Disease
	Primary Musculoskeletal Tumors
	Metastatic Disease

	Post-chemotherapy Rheumatic Disease
	Lymphoproliferative and Myeloproliferative Diseases
	Leukemia
	Multiple Myeloma
	Lymphoma
	Angioimmunoblastic Lymphadenopathy
	Graft-Versus-Host Disease


	Conclusion
	Selected References
	References

	124 Tumors and Tumor-like Lesions of Joints and Related Structures
	Key Points
	Non-Neoplastic Lesions
	Synovial and Ganglion Cysts
	Loose Bodies
	Intra-articular Ossicles

	Neoplasms
	Fatty Lesions of the Synovium
	Vascular Lesions of the Synovium
	Fibroma of the Tendon Sheath
	Synovial Chondromatosis
	Chondroma of Tendon Sheath and Periarticular Structures
	Tenosynovial Giant Cell Tumor
	Tenosynovial Giant Cell Tumor of Joints and Tendon Sheaths: Diffuse Type Pigmented Villonodular Synovitis
	Malignant Diffuse Tenosynovial Giant Cell Tumor
	Localized Tenosynovial Giant Cell Tumor of the Joint Benign Giant Cell Synovioma, Benign Synovioma, and Localized Nodular Synovitis
	Localized Tenosynovial Giant Cell Tumor of the Tendon Sheath Giant Cell Tumor of the Tendon Sheath and Fibroxanthoma of the Tendon Sheath


	Malignant Tumors of the Joint
	Primary Sarcomas of Joints
	Conventional Chondrosarcoma
	Synovial Sarcoma

	Secondary Malignant Tumors of the Joint
	Sarcomas
	Metastatic Carcinoma

	Malignant Lymphoproliferative Disease

	References

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Chapter Acknowledgments

