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  Abstract 

 Osteoarthritis (OA) is the most common type of arthritis and the most 
common cause of disability in the elderly. It is a disease process that affects 
the total joint. OA may occur as the consequence of a number of different 
pathways that ultimately result in joint failure. It is increasingly recog-
nized that in fl ammation is an important component in the pathophysiology 
of OA. The main clinical feature of OA is pain that tends to be transient 
early in the disease course but becomes persistent with disease progres-
sion. Radiographic features of OA may precede the development of pain. 
OA is the most common reason for joint replacement, and there have been 
striking increases in the rates of knee and hip replacement. Important OA 
risk factors include age, obesity, genetic factors and joint injury/trauma. 
With the aging of the population and the epidemic of obesity, there have 
been dramatic increases in the public health impact of OA, and the inci-
dence, prevalence and public impact of OA are expected to rise.  
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   Abbreviations 

  2C    Type II collagen   
  AC    Cartilage Surface   
  AGEs    Advanced Glycation End-products   
  bFGF    Basic Fibroblast Growth Factor   
  BMD    Bone Mineral Density   
  BML    Bone Marrow Lesions   
  BMI    Body Mass Index   
  C1    Type I collagen   
  C2C    Collagenase-generated neoepitope 

of type II collagen   
  cAB    Cartilage-covered subchondral 

bone   
  CDC    Centers for Disease Control   
  CPII    Type II collagen propeptide   
  CS846    Aggrecan chondroitin sulfate 846 

epitope   
  CTX-I    Carboxy-telopeptide of type I col-

lagen   
  CTX-II    Carboxy-telopeptide of type II 

collagen   
  dAB    Subchondral bone that is not cov-

ered by cartilage   
  DALYs    Disability-Adjusted Life Years   
  dGEMRIC    Delayed gadolinium-enhanced 

MR imaging of cartilage   
  DMOADs    Disease-Modifying OA Drugs   
  HA    Hyaluronan   
  IL    Interleukin   
  MMPs    Matrix Metalloproteases   
  MMP-3    Metalloproteinase of stormelysin   
  MRI    Magnetic Resonance Imaging   
  NTX-1    N-telopeptide of type I collagen   
  OA    Osteoarthritis   
  OARSI    Osteoarthritis Research Society 

International   
  PIIANP    Type IIA procollagen amino pro-

peptide   
  PIICP    Type II collagen propeptide   
  RKOA    Radiographic Knee Osteoarthritis   
  ROS    Reactive Oxygen Species   
  tAB    Total area of subchondral bone   
  TGF a     Transforming Growth Factor 

Alpha   
  TGF b     Transforming Growth Factor Beta   
  ThCtAB    Cartilage thickness over the total 

bone area   
  TNF a     Tumor Necrosis Factor Alpha   

  US    United States   
  VC    Cartilage Volume   
  WHO    World Health Organization   
  YLDs    Years Lived with Disability         

    29.1   Introduction 

 Osteoarthritis (OA), also known as degenerative 
joint disease, is the most common type of arthri-
tis. OA is a disease of the synovial joints that 
encompasses the pathophysiologic changes that 
result from alterations in joint structure due to the 
failed repair of joint damage, as well as the indi-
vidual’s illness experience, which is most charac-
teristically manifested by pain. 

 OA may occur as the consequence of a num-
ber of different pathways that ultimately result in 
joint failure, a disease process that affects the 
total joint, including the subchondral bone, liga-
ments, joint capsule, synovial membrane, periar-
ticular muscles, peripheral nerves, menisci (when 
present) and articular cartilage  [  1  ] . These path-
ways may consist of abnormal intra- and extra-
articular processes that involve a combination of 
biomechanical, biochemical and genetic factors 
which results in matrix destruction. The matrix 
destruction is, in turn, de fi ned as the failure of the 
repair response and mechanical failure that 
 ultimately lead to joint destruction and the mani-
festations of joint pain and disability. Examples 
of these pathways include bone trauma and repet-
itive injury; malalignment; joint instability due to 
muscle weakness and ligamentous laxity; nerve 
injury, neuronal sensitization and/or hyper-
excitability; low grade systemic in fl ammation 
due to subacute metabolic syndrome; or local 
in fl ammation due to synovitis. The destruction of 
the joint, including the wearing away of articular 
cartilage, is therefore best viewed as the  fi nal 
product of a variety of possible etiologic factors. 

 In this chapter, we will review the clinical fea-
tures and pathophysiology of OA, as well as the 
diagnosis and natural history of the disease. We 
will then review the descriptive epidemiology of 
OA, including prevalence and incidence, describe 
the impact of OA on the public, and review the 
non-modi fi able and potentially modi fi able risk 
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factors for OA. We will  fi nish with a review of 
OA prevention and of the dif fi culties with and 
need for prevention clinical trials.  

    29.2   Clinical Features 

 The main clinical feature of OA is pain, though 
radiographic features of OA may be evident prior 
to the onset of the characteristic OA pain pattern. 
Pain is generally worse with activity and/or 
weight-bearing, and better with rest. Pain tends to 
be transient early in the course of the disease and 
more persistent with disease progression. In later 
stages, pain may also occur when at rest. Recent 
research has found that pain in OA may be 
reported as either a constant aching or as a more 
severe, intermittent pain  [  2  ] . OA pain tends to be 
localized to the speci fi c joint involved, but may 
also be referred to a more distant site. A subset of 
individuals may experience neuropathic pain  [  3  ] . 
A number of patient-speci fi c factors may modify 
pain reception and pain reporting. A patient’s 
affective status (e.g., depression, anxiety, anger) 
may impact the level of pain reported. Similarly, 
a patient’s cognitive status (e.g., pain beliefs, 
expectations, memories of past pain experiences, 
communication skills) may determine how pain 
is reported. Studies have shown that pain report-
ing may also be impacted by demographic factors 
such as age, sex, socio-economic status, race/eth-
nicity and cultural background  [  4  ] . 

 The etiology of OA pain is unclear and is 
likely to be heterogeneous. OA pain may be the 
result of an interaction among the following fac-
tors: structural pathology; the motor, sensory and 
autonomic innervation of the joint; pain processing 
at both the spinal and cortical levels; and speci fi c 
individual and environmental factors  [  4  ] . 
Cartilage is aneural, but the subchondral bone, 
periosteum, peri-articular ligaments, peri-articu-
lar muscle, synovium and joint capsule are all 
richly innervated and may be sources of nocicep-
tive pain in OA. Sources of pain in subchondral 
bone include bone marrow lesions, perostitis with 
osteophyte formation, subchondral microfrac-
tures and bone ischemia due to decreased blood 
 fl ow and/or elevated interosseous pressure  [  5  ] , 

in fl ammation in the synovium and irritation of 
nerve endings by osteophytes. There may be 
peripheral sensitization as a result of hyperalge-
sia and central sensitization that leads to pain 
persistence. Allodynia may also be present. Pain 
in OA has been reported to be associated with the 
presence and size of bone marrow lesions seen on 
magnetic resonance imaging (MRI)  [  6  ] . A recent 
systematic review examined the associations of 
MRI  fi ndings (e.g., cartilage defects, bone mar-
row lesions [BML], osteophytes, meniscal lesion, 
effusion/synovitis, ligamentous abnormalities, 
subchondral cysts and bone attrition) with the 
presence of pain in patients with knee OA  [  7  ] . 
Only the presence of BMLs and effusion/synovi-
tis were signi fi cantly associated with the presence 
of knee pain. 

 Stiffness in the affected joint may be present, 
particularly after prolonged inactivity, but it is 
not a major feature of OA and is of short dura-
tion, usually lasting for less than 30 minutes. In 
addition to loss of function, impaired quality of 
life, fatigue, sleep disturbance and mood distur-
bance may also be prominent features as the 
result of chronic pain  [  5  ] . Patients with knee OA 
may also complain of knee buckling. 

 Examination of an involved joint may reveal 
joint-line tenderness and bony enlargement of the 
joint. Joint effusion and/or soft-tissue swelling 
may be present, but tend to be intermittent. 
Crepitus with movement, limitation of joint 
motion, joint deformity and/or joint laxity may 
also be present. An involved joint does not gener-
ally show persistent in fl ammation with joint 
warmth, effusion and soft-tissue swelling. 

 Several subtypes of generalized OA have been 
identi fi ed. The nodal form of OA, involving primar-
ily the distal interphalangeal joints, is most common 
in middle-aged women, typically those with a 
strong family history among  fi rst-degree relatives. 
Erosive, in fl ammatory OA is associated with prom-
inent erosive and destructive changes, especially in 
the  fi nger joints, and may suggest rheumatoid 
arthritis, though systemic in fl ammatory signs and 
other typical features of rheumatoid arthritis 
(e.g., nodules, proliferative synovitis, extra-articular 
features, rheumatoid factor) are absent. 
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 The diagnosis of OA is based on history, phys-
ical examination and characteristic radiographic 
features. The physician must distinguish OA 
from other in fl ammatory joint diseases such as 
rheumatoid arthritis. Distinguishing OA from 
other in fl ammatory joint diseases involves identi-
fying the characteristic pattern of joint involve-
ment and the nature of the individual joint 
deformity. Joints commonly involved in OA 
include the distal interphalangeal joints, proximal 
interphalangeal joints,  fi rst carpometacarpal 
joints,  fi rst metatarsophalangeal joints, hips, 
knees and facet joints of the cervical and lumbar 
spine. Heberden’s and Bouchard’s nodes may be 
present in the hands. Involvement of the wrist, 
elbows, shoulders and ankles is uncommon 
except in the case of trauma, congenital disease, 
or endocrine or metabolic disease.  

    29.3   Pathophysiology 

 The causes of OA are complex and heteroge-
neous, but our understanding of its pathophysiol-
ogy has increased over the years. The cardinal 
feature of OA is the progressive loss of articular 
cartilage with associated remodeling of subchon-
dral bone. As noted previously, OA is ultimately 
joint failure due to a variety of pathways. 

 At the tissue level, normal cartilage exhibits a 
continuous extracellular matrix turnover with a 
balance of synthesis and degradation  [  8  ] . In OA, 
there is an imbalance of these two processes, with 
an excess of matrix degradation that exceeds the 
ongoing matrix synthesis. Excess degradation is 
the result of the overproduction of catabolic fac-
tors such as proin fl ammatory cytokines (e.g., 
interleukin [IL]-1, IL-6, IL-7, IL-8, and tumor 
necrosis factor alpha [TNF a ]) and other catabolic 
factors such as transforming growth factor alpha 
(TGF a ), nitric oxide and other reactive oxygen 
species (ROS), Oncostatin M, basic  fi broblast 
growth factor (bFGF) and matrix fragments. 
These factors stimulate the chondrocyte to pro-
duce matrix metalloproteases (MMPs), aggreca-
nase and other proteases, which results in 
extracellular matrix degradation. At the same 
time, there is a decrease in the production of 

matrix and growth factors (e.g., bone morpho-
genic protein [BMP-7] and transforming growth 
factor beta [TGF-  b ]). An imbalance between tis-
sue inhibitors of metalloproteases and the produc-
tion of metalloproteases may be operative in OA. 

 Loeser  [  8  ]  described a number of age-related 
changes that contribute to the susceptibility of 
OA. At the cellular level, decreased levels of 
growth factors and decreased growth factor 
responsiveness lead to reduced matrix synthesis 
and repair. There is an increased formation of 
advanced glycation end-products (AGEs), which 
leads to the increased cross-linking of collagen 
molecules, more brittle tissues and increased sus-
ceptibility to fatigue failure of cartilage. 
Decreased aggrecan size, increased cleavage of 
collagen and decreased cartilage hydration lead 
to the reduced tensile strength of cartilage. With 
aging, there is oxidative stress, an increase in 
ROS and an accumulation of oxidative damage 
that is manifested by reduced anabolic signaling 
and increased catabolic signaling, which ulti-
mately result in decreased matrix synthesis and 
increased matrix degradation. 

 At the tissue level, an age-related decrease in 
the number of chondrocytes and an increase in 
chondrocyte senescence are manifested by telomere 
shortening. There is also the transformation of 
chondrocytes into the senescent secretory phe-
notype, which results in the increased production 
of in fl ammatory cytokines and MMPs that lead to 
matrix degradation. Aging chondrocytes are also 
less likely to respond to growth factors. Unlike in 
cartilage, within subchondral bone there is 
increased bone remolding with increased matrix 
calci fi cation and the production of an abnormal 
bone matrix. This alters the mechanical proper-
ties of the bone, increasing its stiffness and mak-
ing it less able to absorb loads, thereby transferring 
loadbearing to the cartilage. There are also age-
related changes (e.g., sarcopenia) which result in 
decreased muscle strength and the resultant 
decreased ability of the muscles to act as internal 
shock absorbers to absorb the forces transmitted 
to the subchondral bone and cartilage. With 
aging, there is also loss of proprioception, and the 
degeneration and increased stiffness of ligaments 
and menisci. 
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 The pathology of OA is seen in Fig.  29.1 . In 
OA, the entire joint is commonly involved. 
Cartilage degradation results in  fi brillation, thin-
ning and, ultimately, the loss of cartilage down to 
subchondral bone, leaving areas of denuded bone. 
There are changes in the subchondral bone with 
thickening; the development of BMLs which leads 
to subchondral bone cysts; the formation of mar-
ginal osteophytes; and bone remodeling, with bone 
attrition producing changes in bone curvature. 
There is often weakness of the bridging peri-artic-
ular muscles. If present, the menisci degenerate 
and may extrude beyond the bony margins. It is 
dif fi cult to say which of these processes occurs 
 fi rst, but all of these features may be present in the 
later stages. Scanzello et al.  [  9  ]  has described a 
number of changes in the synovium that occur in 
OA, including synovial hyperplasia, perivascular 
aggregates of small mononuclear cells, subintimal 
 fi brosis, and increased vascularity.  

 In OA, the earliest  fi nding is  fi brillation of the 
most super fi cial layer of the articular cartilage. 
With time, the disruption of the articular surface 
becomes deeper, with extension of the  fi brillations 
to subchondral bone, fragmentation of cartilage 

with release into the joint, matrix degradation, and 
eventually, the complete loss of cartilage, leaving 
only exposed bone. Early in this process, the carti-
lage matrix undergoes signi fi cant change, with 
increased water content and decreased proteogly-
can content. This progression is in contrast to the 
dehydration of cartilage that occurs with aging. 
The  tidemark  zone, which separates the calci fi ed 
cartilage from the radial zone, becomes invaded 
with capillaries. Chondrocytes are initially meta-
bolically active and release a variety of cytokines 
and metalloproteases that contribute to the matrix 
degradation, which, in later stages, results in the 
penetration of  fi ssures to the subchondral bone and 
the release of  fi brillated cartilage into the joint 
space. Subchondral bone increases in density, and 
cyst-like bone cavities occur which contain myx-
oid,  fi brous or cartilaginous tissue. Osteophytes 
(bony proliferations at the margin of joints at the 
site of bone-cartilage interface) may also form at 
capsule insertions. Osteophytes contribute to joint-
motion restriction and are thought to be the result 
of new bone formed in response to the degenera-
tion of articular cartilage; however the precise 
mechanism for their production remains unknown. 

  Fig. 29.1    Pathology of osteoarthritis. The osteoarthritic 
joint is characterized by degradation and loss of the articu-
lar cartilage, thickening of the subchondral bone accom-
panied by formation of bone marrow lesions and cysts, 

osteophytes at the joint margins, variable degrees of syno-
vitis with synovial hypertrophy, meniscal degeneration 
(knee), and thickening of the joint capsule (Reprinted with 
permission from Loeser  [  8  ] )       
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 The diversity of risk factors that predispose an 
individual to OA suggests that a wide variety of 
insults to the joints (e.g., biomechanical trauma, 
chronic articular in fl ammation, and genetic and 
metabolic factors) can contribute to or trigger the 
cascade of events that results in the characteristic 
pathologic features of OA. At some point, the car-
tilage degradative process becomes irreversible, 
perhaps the result of an imbalance of regulatory 
molecules such as tissue inhibitors of metallopro-
teases. With progressive changes in articular car-
tilage, joint mechanics become altered which, in 
turn, perpetuates the degradative process.  

    29.4   Measurement of Clinical 
and Subclinical Disease: 
Diagnosis and Natural History 

 The diagnosis of OA is based on symptoms of 
pain, stiffness and/or poor sleep; the presence of 
characteristic radiographic features; or the pres-
ence of bony and intermittent soft tissue swelling 
in a joint commonly affected by OA such as dis-
tal interphalangeal joints, proximal interphalan-
geal joints,  fi rst carpometacarpal joints,  fi rst 

metatarsophalangeal joints, hips, knees, or facet 
joints of the cervical and lumbar spine. 

 The natural history of OA is depicted sche-
matically in Fig.  29.2 . Initially, one or more trig-
gering event(s) initiates the disease process in a 
susceptible individual. Susceptibility may be 
increased by aging-related cellular and tissue 
changes that may occur either before or after the 
triggering events. Currently, clinically detectable 
OA is de fi ned by the presence of abnormalities 
on plain radiographs. Unfortunately this stage 
occurs late in the disease course and is indicative 
of “joint failure.” Depending on the joint and 
other circumstances, symptoms may precede or 
follow evidence of clinically detectable radio-
graphic OA. Since there are no currently approved 
disease-modifying OA drugs (DMOADs) that 
slow disease progression, patients may progress 
to end-stage disease (i.e., joint death) where the 
only effective treatment is joint replacement. The 
challenge is to identify pre-clinical OA through 
morphologic changes in joint structures that are 
detectable by MRI, ultrasound or—at an even 
earlier stage—by molecular changes in joint 
structures that are detectable by MRI or other 
biomarkers.  

  Fig. 29.2    The natural history of OA. Abbreviations:  MRI  magnetic resonance imaging,  OA  osteoarthritis       
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 The characteristic radiographic features of OA 
are the result of pathologic changes. Joint space 
narrowing is felt to be a consequence of cartilage 
loss. Osteophytes may be a consequence of mar-
ginal lipping and outgrowths of bone. Subchondral 
bone cysts and sclerosis may be the result of 
osteonecrosis and the healing of microfractures. 
Altered bone contours may be due to bone attri-
tion and the remodeling of bone surfaces. 

 The current de fi nition of OA is based on the 
presence of features that are seen on conventional 
radiography. That is, osteophytes and joint space 
narrowing as a surrogate for the loss of cartilage. 
In most epidemiologic studies, the de fi nition of 
OA is based on a combination of pain and the 
radiographic disease as assessed by the Kellgren-
Lawrence grading system, which is scored using 
an ordinal scale from 0 to 4. On the scale, 0 indi-
cates normal (i.e., no features of OA); 1 indicates 
“doubtful” and is characterized by the presence 
of a minute osteophyte of doubtful signi fi cance; 
2 indicates the level most used to categorize 
“de fi nite OA” and is characterized by the pres-
ence of a de fi nite osteophyte without impairment 
of joint space; 3 indicates moderate OA and is 
characterized by the presence of multiple osteo-
phytes and moderate diminution of joint space as 
a surrogate for cartilage loss; and 4 indicates 
severe OA and is characterized by the marked 
impairment of joint space, often bone on bone 
and with the presence of a sclerosis of subchon-
dral bone  [  10  ] . These categories may often be 
dif fi cult to assess and are based on the presump-
tion of a progression of radiographic features 
with increasing severity, which may not always 
be the case. This has led to the development of an 
alternative scale developed by the Osteoarthritis 
Research Society International (OARSI), which 
provides an accompanying radiographic atlas 
that enables the separate scoring of features such 
as osteophytes, joint space narrowing and sclero-
sis  [  11  ] . Unfortunately, radiographs are limited in 
that they only provide images of bony structure 
and are two-dimensional projections of the three-
dimensional joint(s) involved in OA. 

 The advent of MRI has greatly advanced our 
knowledge of OA and has enabled the visualization 
of pre-radiographic OA. MRI has demonstrated 

that additional morphologic abnormalities (e.g., 
BMLs, synovitis) may also be important features 
of OA  [  12  ] . MRI also has the advantage of greater 
resolution and the ability to visualize all of the joint 
tissues to assess their involvement. Other features 
of joint morphology that may be important in OA 
and can be assessed by MRI include subchondral 
cyst-like lesions; subchondral bone attrition; joint 
effusion; meniscal degeneration and/or sublux-
ation; periarticular cysts and bursae; marginal and 
central osteophytes; and the integrity of the anterior 
cruciate, posterior cruciate, medial collateral and 
lateral collateral ligaments  [  13  ] . These features 
may be assessed using recently-developed semi-
quantitative scoring systems  [  14,   15  ] . High resolu-
tion images have also enabled the quantitative 
assessment of joint structures through the manual 
segmentation of joint morphology, including carti-
lage volume (VC), total area of subchondral bone 
(tAB), the area of the cartilage surface (AC), the 
cartilage thickness over the total bone area 
(ThCtAB), the area of cartilage-covered subchon-
dral bone (cAB) and the area of denuded subchon-
dral bone that is not covered by cartilage (dAB) 
 [  16  ] . These parameters may be calculated for 
speci fi c regions or subregions within a joint. 

 Advances in MRI have also enabled the devel-
opment of non-contrast and contrast-enhanced 
imaging methods for assessing morphometric and 
compositional parameters that occur with degra-
dation of the extracellular matrix as potential 
imaging biomarkers of preclinical OA. Examples 
include T2 mapping, T1 rho mapping, Ultrashort 
TE imaging, sodium imaging, diffusion-weighted 
imaging and delayed gadolinium-enhanced MR 
imaging of cartilage (dGEMRIC)  [  17  ] . 

 A recent review has recommended a panel of 
12 OA-related biomarkers that have been vali-
dated for a variety of OA outcomes  [  18  ] . All 12 
are commercially available and include the fol-
lowing: Urinary carboxy-telopeptide of type II 
collagen (CTX-II), Serum CTX-II, Serum 
hyaluronan (HA), Serum and urine collagenase-
generated neoepitope of types I and II collagens 
(C1, 2C), Serum and urine collagenase-gener-
ated neoepitope of type II collagen (C2C), Serum 
and urine Coll2-1 and Coll2-1NO2, Serum type 
II collagen propeptide (CPII or PIICP), type IIA 
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procollagen amino propeptide (PIIANP), Urine/
serum N-telopeptide of type I collagen (NTX-1), 
Urine/serum carboxy-telopeptide of type I 
collagen (CTX-1), Serum aggrecan chondroitin 
sulfate 846 epitope (CS846), and Serum metal-
loproteinase of stormelysin (MMP-3). The 
identi fi cation of these biomarkers and of changes 
in bone and cartilage composition is a step 
toward the classi fi cation of preclinical OA prior 
to morphologic changes in joint structure which 
may be apparent on conventional radiographs 
and MRI.  

    29.5   Descriptive Epidemiology 

    29.5.1   Prevalence 

 Over 26.9 million Americans >25 years of age 
have some form of OA, and the prevalence of OA 
increases with age. The prevalence of radio-
graphic OA varies by the joint involved, with 
27.2% of all adults and over 80% of those 
>65 years of age having evidence of hand OA 
(Table  29.1 ). With regard to knee OA, 37.4% of 
those  ³ 60 years of age have radiographic evi-

dence of disease. The prevalence of symptomatic 
OA is lower, with 6.8% of all adults having evi-
dence of symptomatic hand OA and 16.7% of 
those  ³ 45 years of age having evidence of symp-
tomatic knee involvement. Hand and knee OA is 
more common among women, especially after 
age 50, and also more common among African-
Americans. Nodal OA, involving the distal and 
proximal interphalangeal joints, is signi fi cantly 
more common in women and also more common 
among female  fi rst-degree relatives of those who 
have nodal OA.  

 In the Framingham study, radiographic evi-
dence of knee OA increased from 27.4% in par-
ticipants <70 years of age to 43.7% in those 
 ³ 80 years of age  [  20  ] . There was a slightly 
higher prevalence of radiographic changes of 
OA in women than in men (34 versus 31%); 
however, there was a signi fi cantly higher pro-
portion of women with symptomatic disease 
(11% of all women versus 7% of all men; 
p = 0.003). 

 A meta-analysis of population-based studies 
of OA estimated that, compared to women, men 
have a decreased risk of prevalent hand and 
knee OA, but not hip OA  [  26  ] . The worldwide 

   Table 29.1    Prevalence of radiographic OA in the hands, knees and hips by age and sex, from population-based 
studies   

 Patient characteristics 
 Study sample 

 % with mild, moderate or 
severe radiographic OA 

 % with mild, moderate or 
severe symptomatic OA 

 Anatomic site  Age  Male  Female  Total  Male  Female  Total 

 Hands   ³ 26  Framingham  [  19  ]   25.9  28.2  27.2  3.8  9.2  6.8 

 Knees   ³ 26  Framingham  [  20  ]   14.1  13.7  13.8  4.6  4.9  4.9 

  ³ 45  Framingham  [  20  ]   18.6  19.3  19.2  5.9  7.2  6.7 

 <70  Framingham  [  20  ]   30.4  25.1  27.4  6.2  7.6  7.0 
 70–79  Framingham  [  20  ]   30.7  36.2  34.1  7.8  13.0  11.0 

  ³ 80  Framingham  [  20  ]   32.6  52.6  43.7  5.4  15.8  11.2 

  ³ 45  Johnston Co.  [  21  ]   24.3  30.1  27.8  13.5  18.7  16.7 

  ³ 60  NHANES III 
 [  22  ]  

 31.2  42.1  37.4  10.0  13.6  12.1 

 Hips   ³ 45  Johnston Co.  [  23  ]   25.7  26.9  27.0  8.7  9.3  9.2 

 60–74  NHANES I  [  24  ]   4.5  3.8  –  –  –  – 
 65–89  Study of 

osteoporotic 
fractures  [  24  ]  

 –  5.5  –  –  2.2  – 

  Adapted from Lawrence et al.  [  25  ]  
 Abbreviations:  Co  county,  OA  osteoarthritis  
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age-standardized prevalence rates per 100,000 
individuals of hip and knee OA are 426 and 1,170 
in men, respectively, and 371 and 2,693 for 
women, respectively  [  24  ] . For hip OA in men and 
women, these estimated age-standardized preva-
lence rates per 100,000 individuals range from a 
low of 273 and 145, respectively, to a high of 700 
and 601, respectively, across World Health 
Organization (WHO) epidemiologic subregions. 
For knee OA in men and women, these estimated 
age-standardized prevalence rates per 100,000 
individuals range from a low of 1,163 and 1,773, 
respectively, to a high of 3,089 and 3,942, 
respectively.  

    29.5.2   Incidence 

 The age- and sex-standardized incidence rates of 
symptomatic OA are 100 per 100,000 person-
years for hand OA, 240 per 100,000 person-years 
for knee OA, and 88 per 100,000 person-years for 
hip OA  [  27  ] . The rates in both sexes rise with 
increasing age, especially after age 50. The rate 
of incident symptomatic knee OA is estimated to 
be 1% per year, and the rate of incident radio-
graphic knee OA is estimated to be 2% per year 
 [  28  ] . Men <55 years of age have a greater risk of 
incident cervical spine OA than do women of the 
same age group, whereas women have a greater 
risk of incident knee and hip OA than do men 
 [  26  ] . The lifetime risk of developing symptom-
atic knee OA is estimated to be about 40% in men 
and 47% in women  [  29  ] . The worldwide age-
standardized incidence rates of hip and knee OA 
per 100,000 individuals are 35.0 and 119.7 in 
men, respectively, and 30.8 and 178.6 for women, 
respectively  [  24  ] . For hip OA in men and women, 
these estimated age-standardized incidence rates 
per 100,000 individuals range from a low of 22.2 
and 12.8, respectively, to a high of 40.5 and 55.4, 
respectively, across WHO epidemiologic subre-
gions. For knee OA in men and women, these 
estimated age-standardized incidence rates per 
100,000 individuals range from a low of 67.7 and 
136.8, respectively, to a high of 194.9 and 253.1, 
respectively.   

    29.6   Public Health Impact 

 OA is associated with major morbidity and is one 
of the top  fi ve causes of long-term disability in 
the United States (US)  [  30  ] . Lower extremity OA 
is the most common cause of dif fi culty with 
walking or climbing stairs, preventing an esti-
mated 100,000 older US adults from indepen-
dently walking from bed to bathroom. Overall 
loss of joint function as a result of OA is a major 
cause of work disability and reduced quality of 
life  [  31  ] . About 80% of patients with OA have 
some degree of movement limitation. About 40% 
of adults with knee OA report their health as 
“poor” or “fair.” In 1997, a total of 4.9 million 
women and 2.2 million men had ambulatory 
medical care visits for OA, accounting for 19.5% 
of all arthritis-related ambulatory medical care 
visits  [  32  ] . 

 In 1999, adults with knee OA reported more 
than 13 days of lost work due to health problems. 
In the year 2000, the years lived with disability 
(YLDs)  [  33  ]  for men and women with OA were 
5,549 and 8,667, respectively. In the year 2000, 
the disability-adjusted life years (DALYs) for 
men and women with OA were 5,554 and 8,675, 
respectively. These YLDs and DALYs rank high 
among chronic diseases, and both have increased 
since 1990. 

 The Centers for Disease Control (CDC) esti-
mates that osteoarthritis and related arthritic con-
ditions cost the US economy nearly $81 billion 
per year in direct medical care, with indirect 
expenses (including lost wages and lost produc-
tion) of about $47 billion. CDC  fi gures further 
estimate the total annual direct cost per person of 
OA and related conditions is approximately 
$1,752  [  31  ] . A large proportion of these costs are 
associated with total joint replacement, with costs 
for total joint replacement in the US estimated to 
be $79 billion in 1997  [  34  ] . The job-related costs 
of OA are estimated to be $3.4–$13.2 billion per 
year  [  35  ] . 

 OA wields a large economic impact as the 
result of both direct medical costs (e.g., physician 
visits, laboratory tests, medications, surgical pro-
cedures) and indirect costs (e.g., lost wages, 
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home care, lost wage-earning opportunities). 
With the aging of the US population, the burden 
of OA is expected to increase throughout the 
coming years.  

    29.7   Risk Factors 

 OA is a complex disorder with identi fi able risk 
factors that include biomechanical, metabolic or 
in fl ammatory processes; congenital or develop-
mental deformities of the joint; and genetic fac-
tors. As noted above, age, sex and race are 
prominent risk factors for OA. Biomechanical 
contributors include repetitive or isolated joint 
trauma related to certain occupations or physical 
activities that involve repeated joint stress. These 
can predispose an individual to early OA. Obesity 
may contribute from a biomechanical perspec-
tive, or from a systemic perspective related to a 
subacute metabolic syndrome. Certain metabolic 
disorders (e.g., hemochromatosis, ochronosis) 
are also associated with OA. High bone mineral 
density (BMD) has been shown to be associated 
with hip or knee OA. Estrogen de fi ciency may 
also be a risk factor for hip or knee OA. 
In fl ammatory joint diseases, such as rheumatoid 
arthritis, may result in cartilage degradation and 
biomechanical factors that lead to secondary OA. 
Candidate gene studies and genome-wide scans 
have identi fi ed a number of potential genetic 
markers of OA. 

    29.7.1   Non-Modi fi able Risk Factors 

    29.7.1.1   Demographic Risk Factors 
 Prior studies have reported an increase in the 
risk of radiographic knee OA (RKOA) with 
advancing age, as well as an increased risk of 
RKOA in women compared to men. Data from 
the NHANES III and the Johnston County OA 
Study have reported an increased risk of RKOA 
among African-Americans compared to whites, 
particularly among African-American women 
 [  21,   22  ] . NHANES III did not  fi nd either educa-
tion level or income to be associated with risk of 
RKOA  [  22  ] .  

    29.7.1.2   OA in Other Joints 
 Studies have suggested that risk of knee OA 
might be related to the presence of hand OA  [  36–
  38  ] . In the Bristol cohort  [  36  ]  the association was 
with Herberden’s nodes. Data from the Rotterdam 
study  [  38  ]  reported an increased risk of RKOA 
associated with radiographic hand OA of the 
metacarpophalangeal and carpometacarpal joints, 
with a higher risk among individuals who were 
overweight. In the Croatian study  [  37  ] , the 
association was greater in women compared to 
men, and was greater for OA in the distal inter-
phalangeal joints compared to the proximal 
interphalangeal joints. That study also found an 
increased risk of RKOA with carpometacarpal 
involvement in men. Radiographic hand OA has 
been reported to be associated with increased risk 
of RKOA in the both the index knee after meni-
sectomy and in the contralateral knee  [  39  ] .   

    29.7.2   Potentially Modi fi able Risk 
Factors 

    29.7.2.1   Body Composition 
 In prior studies, obesity and increased body 
mass index (BMI) have been reported to increase 
the risk of RKOA. Data on more detailed mea-
sures of body composition are now available. 
Multiple studies have suggested that increased 
waist circumference and increased waist-to-hip 
ratio may be associated with increased risk of 
RKOA, but this increased risk was no longer 
signi fi cant after adjusting for BMI  [  40,   41  ] . In 
contrast, analysis of the NHANES III data sug-
gested that waist circumference was still an 
important risk factor when analyzed by different 
strata of BMI, particularly in the medium and 
highest BMI tertiles  [  42  ] . Data from the Johnston 
County OA Study suggested that increasing fat 
mass and increasing lean mass are both associ-
ated with increased risk of radiographic knee 
OA, but neither were signi fi cant after adjusting 
for BMI  [  40  ] . Data from a study in Sweden sug-
gest that the presence of metabolic syndrome 
may also be associated with increased risk of 
radiographic knee OA, but this association was 
also no longer signi fi cant after adjusting for 
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BMI  [  43  ] . Obesity also increases with increasing 
age, at least until reaching very old age when 
weight begins to decrease. 

 Data from a case–control study from southern 
Sweden suggest that changes in BMI from 
younger ages to older ages may be an important 
consideration  [  44  ] . Increasing BMI after age 30 
was associated with increased risk of RKOA in 
both men and women. Decreasing BMI after age 
30 helped to decrease the risk of RKOA. The 
highest risk of RKOA was seen in men and 
women who were already obese at a young age.  

    29.7.2.2   Bone Mineral Density 
 A number of prior studies, including some using 
data from the Framingham Study, have reported an 
association between increased BMD and increased 
risk of OA in a separate joint  [  45  ] . Data from the 
Johnston County OA Study reported that increased 
bone mass and lower percent bone mass were both 
associated with increased risk of RKOA, but this 
association was no longer signi fi cant after control-
ling for either BMI or weight  [  40  ] . The mecha-
nisms behind this association are still unclear and 
require further investigation.  

    29.7.2.3   Malalignment 
 There is limited data on the association of the 
presence of malalignment with the risk of RKOA. 
A number of studies have demonstrated the 
importance of malalignment in the progression of 
RKOA, but few have looked at malalignment as a 
risk factor for the development of RKOA. Data 
from the Framingham Study was unable to dem-
onstrate a relationship between various measures 
of alignment and increased risk of RKOA  [  46  ] , 
whereas data from the Rotterdam Study indicated 
that varus malalignment was associated with an 
increased risk of RKOA, and that varus and val-
gus malalignment were both important in the 
development of RKOA in obese individuals  [  47  ] . 
It is important to note that both of these studies 
were based on the assessment of alignment using 
standing, fully-extended anteroposterior knee 
radiographs. These  fi ndings should be replicated 
using the measurement of alignment from full 
limb  fi lms, which may be more accurate in assess-
ing the mechanical angle.  

    29.7.2.4   Physical Characteristics 
 A number of physical features have been associ-
ated with the risk of developing RKOA. Data 
from the Johnston County OA Study indicated 
that leg length inequality increased the risk of 
RKOA  [  48  ] . Data from the Beijing OA Study 
suggested that higher knee height was associated 
with increasing prevalence of both radiographic 
and symptomatic OA  [  49  ] . In addition, data from 
the Matsudai Knee Survey suggested that the 
presence of a round back also increased the risk 
of developing RKOA  [  50  ] . 

 Data from Nottingham, UK suggested that the 
pattern of the second digit being shorter than the 
fourth digit is also associated with increased risk 
of knee OA  [  51  ] . The relationship between dif-
ferences in joint shape (often related to congeni-
tal abnormalities of the hip) and the increased 
risk of hip OA has been clearly demonstrated. 
More work is needed to determine whether dif-
ferences in joint shape and limb development 
may increase the risk of RKOA.  

    29.7.2.5   Knee Injury 
 Studies have shown a relationship and increased 
risk of RKOA with previous knee injury. The risk 
is increased in both men and women, and in both 
white women and African-American women 
 [  52  ] . With regard to knee surgery, the risk seems 
to be increased with subtotal or total menisec-
tomy, as well as with degenerative tears of the 
meniscus  [  53  ] . Data from the Beijing OA Study 
indicated a trend toward increased quadriceps 
strength having a protective effect against the 
development of both tibiofemoral and patell-
ofemoral RKOA, with the results becoming 
signi fi cant when both outcomes were considered 
together  [  54  ] .  

    29.7.2.6   Recreational Activity 
 A number of studies have looked at the associa-
tion of recreational activities and the risk of 
RKOA. It does not appear that the risk of RKOA 
is increased by walking for exercise, recreational 
walking or other levels of recreational activity 
such as working up a sweat or having a higher 
level of activity compared to peers  [  55,   56  ] . 
Regular sports participation may increase the risk 
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of RKOA, particularly speci fi c types of activities 
such as soccer, ice hockey or tennis in men. 
However, the increased risk was more likely due 
to the occurrence of injury rather than to partici-
pation in these activities  [  36,   57  ] . The association 
with these activities was no longer signi fi cant 
after controlling for prior knee injury.  

    29.7.2.7   Occupational Activity 
 NHANES III demonstrated an increase in risk of 
RKOA in men with manual labor occupations 
 [  22  ] . Data from southern Sweden suggest that 
working in building construction increases the 
risk of RKOA in overweight men, and farm work 
increases the risk of RKOA in both men and 
women if they are overweight. Certain speci fi c 
occupational activities (e.g., climbing more than 
15  fl ights of stairs per day, lifting more than 10 kg 
ten times/week, squatting) seem to increase the 
risk of RKOA.  

    29.7.2.8   Hormone Therapy 
 Few studies have examined the relationship 
between the use of hormone therapy in women 
and the risk of radiographic OA. Previous data 
had been con fl icting, depending on the joint of 
interest. Recent data from the Rotterdam study 
and the Melbourne Women’s Life Study have not 
demonstrated an association of radiographic OA 
with the use of hormone therapy  [  56,   58  ] . 
Although the prevalence of radiographic OA was 
higher in the Rotterdam study among women 
who had previously used hormone therapy, this 
did not reach statistical signi fi cance (27 vs. 21%, 
p = 0.26). Data from the Melbourne Women’s 
Life Study suggested that women who had never 
used hormone therapy had an increased risk of 
0.29, but this did not reach statistical signi fi cance 
(95% CI: 0.8–11.6, p = 0.12).    

    29.8   Prevention, Including 
Prevention Clinical Trials 

 Possible targets of primary prevention, alone or 
in combination, include weight gain/obesity, joint 
injury related to recreational and/or occupational 
activities, or structural issues such as joint bio-

mechanics. Secondary prevention in individuals 
with early disease could also be directed toward 
these targets, or directed toward other joints in 
individuals who already have OA in a joint. 

 It is dif fi cult to design prevention trials in OA 
due to current de fi nitions of the disease being 
based on radiographic changes, which are insen-
sitive to detecting preclinical disease or changes 
early in the disease course  [  59  ] . With advances in 
biomarker technology (both imaging and bio-
chemical markers), it will be possible to identify 
high-risk individuals with preclinical disease and 
to characterize changes early in the disease 
course. Such trials would likely involve large 
study samples with follow-up over several years, 
and would therefore be costly and complex to 
conduct. However, prevention studies are ulti-
mately needed to decrease the large burden of 
disease due to OA.  

    29.9   Summary 

 OA is a disease of the whole joint, with altera-
tions in joint structure due to the failed repair of 
joint damage. OA is a common disease and a 
leading cause of disability, particularly in older 
populations. Pain is the presenting symptom of 
the individual’s illness experience, and the treat-
ment for end-stage OA is joint replacement. With 
the aging of the population and the epidemic of 
obesity, the prevalence and public health impact 
of OA are expected to increase dramatically. 
Obesity and joint trauma have been identi fi ed as 
important modi fi able risk factors and are poten-
tial targets for prevention studies.      
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