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AADA  apatite associated destructive arthritis 
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BMI  body mass index

BMLs  bone marrow lesions

CMC  carpo-metacarpal (joint)

CT  computed tomography
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CVA  cerebrovascular accident

DIP  distal interphalangeal (joint)
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Chapter 1

What is osteoarthritis?

Osteoarthritis (OA) is by far the commonest condition to

affect synovial joints and a major global cause of suffering

and disability. Pathologically and clinically it is characterized

by the features shown in figure 1.1.

1

Background to
Osteoarthritis

1.1 Diagram showing the major
features of OA which include:
focal loss of articular hyaline
cartilage and bone response –
usually new bone formation
and remodelling with
osteophyte formation. However,
sub-chondral bone thinning
also occurs and may have
therapeutic implications. Other
joint tissues (synovium,
capsule, muscle) are also
involved and this may be of
equal or more importance in
determining symptomatic and
functional outcomes.

Epidemiology of osteoarthritis

Osteoarthritis is widespread in both humans and other

animals in which the epiphyses of synovial joints are fused.

Such phylogenetic preservation supports the view that

osteoarthritis may confer an evolutionary advantage (see page

20). 

Bursitis

Muscle atrophy

Osteophyte

Cyst

Cartilage
loss

Synovial
thickening

Osteochondral
body

Synovial
effusion
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1.2 Effect of obesity on the subsequent
development of knee OA, and the additional
effect of losing or gaining weight in the
preceding 10 years. (Data derived from Felson
DT, Zhang Y, Anthony JM, et al. [1992]. Weight
loss reduces the risk for symptomatic knee OA
in women. The Framingham study. Arthritis
Rheum, 116:535–539.)

The prevalence of osteoarthritis increases with age with a

rapid increase over the age of 40 years. Whether this rapid

increase is due to tissue senescence or cumulative insult is

unclear.

One intriguing situation is distal interphalangeal joint

osteoarthritis in women which commonly develops around

the menopause both giving insight into possible hormonal

mechanisms as well as allowing study of incident disease.

Gender is associated with differing patterns and prevalence

of osteoarthritis.

At most joint sites, but particularly the knee, weight has

an important impact on the development, severity and

progression of osteoarthritis (1.2).  The mechanism involved

is unclear. Although simple mechanical loading seems

plausible and is supported by some evidence it is also

possible that a metabolic mechanism is acting via an

Background to Osteoarthritis2
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1.3 Intra-articular fracture involving the left lateral tibial
plateau (arrow).

1.4 Minor trauma and sports related fracture.
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alteration of endocrine and inflammatory factors such as

adipokines.

Both major and repetitive minor joint injury may

predispose to osteoarthritis, including:

• Fractures involving the articular surface (1.3).

• Fractures that alter joint biomechanics.

• Soft-tissue injuries affecting stabilizing ligaments or

menisci.

• Minor trauma, often sports related, in young adults (1.4).

There is a strong genetic basis to much of osteoarthritis

but this was first recognized in generalized nodal

osteoarthritis (1.5) which shows a strong sex-linked, almost

autosomal dominant inheritance in women.

Background to Osteoarthritis 3

1.5 Two sisters affected by nodal generalized OA affecting
hands and knees. A sibling of someone who has required
joint replacement for knee OA is at more than twice the
risk of developing knee OA than someone without such a
‘genetic exposure’; the risk for a sibling of someone who
has undergone joint replacement for hip OA is even higher
(3–9 fold depending on age and gender). Genetic studies
undertaken on multiple families with such affected sibling
pairs is the main way of determining linkage between OA
and specific chromosomal regions. Examination of
possible candidate genes within those regions is a
common strategy to determine the genes responsible for
genetic susceptibility.

MZ MZ

DZ DZ

Versus

TJR

Versus

C

1 Twin 2 Exposed sib 3 Segregation, aggregation

Sib

1.6 Strategies to determine the genetic contribution to OA. (1) Classic twin studies compare the concordance for OA in
monozygotic (identical) and dizygotic (non-identical twins) – a higher concordance in monozygotic twins suggests
genetic predisposition. (2) A higher prevalence of OA, compared to controls (C), in siblings of patients with hip or knee
OA severe enough to lead to joint replacement also suggests genetic predisposition to OA. (3) Examination of the way
OA transmits vertically and horizontally through families, compared to the expected population prevalence of OA, can
show familial clustering.

Some rare forms of osteoarthritis result from single gene

mutations often in genes that encode collagen or extra-

cellular matrix or are involved in early joint development. 

Perhaps more importantly it has been demonstrated, using

a variety of strategies (1.6), that there is a strong genetic
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component to more common osteoarthritis with a heritability

estimated to be between 40 and 60%. It is likely that there

is a complex interaction between common polymorphisms

of multiple genes and environmental factors, making

osteoarthritis a ‘common complex disorder’ (1.7). 

Recently large genome wide association studies (GWAS)

of unrelated people with ‘end-stage’ osteoarthritis of hips and

knees that is sufficiently severe clinically to merit joint

replacement have led to identification of several genetic

associations (Table 1.1). 

Occupation is often believed by patients to be a cause of

osteoarthritis and often is cited in medico-legal claims. Early

studies of mill and cotton workers suggested that different

patterns of occupational loading were associated with

differing patterns of involvement in hand osteoarthritis but

not with absolute prevalence or incidence. However,

subsequent studies have suggested that incidence may be

affected as well and, in the UK, hip osteoarthritis in farmers

is now a proscribed occupational disease. The mechanism is

unclear and is greatest for arable farmers particularly those

brought up on a farm. Industrial compensation may also be

available for underground coal miners who develop knee

osteoarthritis. 

Job descriptions often do not adequately describe the

actual locomotor stresses applied to the joint so mechanistic

associations are not always easy to define. Studies that have

attempted to isolate the actual forces involved suggest that,

for example, occupational repetitive loaded knee bending is

particularly likely to predispose to knee osteoarthritis.

Background to Osteoarthritis4

1.7 Diagram showing OA to be a ‘common complex
disorder’. Multiple (currently largely unknown)
polymorphisms need to interact with other constitutional or
local risk factors to permit expression of the OA
phenotype. These risk factors may vary according to joint
site. Risk factors for development of OA may also differ
from risk factors for a good or bad clinical outcome.

Putative gene Function Action

GDF5 Growth differentiation factor 5 Early joint development

MCF2L Neurotrophin-3 (a nerve growth factor) Early joint development

GNL3 Neucleostemin Expressed in mesenchymal stem 
cells from which chondrocytes derive

– Constitutional varus (bowlegged) mal-alignment Biomechanical loading (1.8)

– A non-spherical femoral head (1.9) Biomechanical stress with 
femoroacetabular impingement

– 2D:4D (index 2nd digit: ring 4th digit) ratio Mechanism unclear (1.10)

References
Valdes A, et al. The GDF5 rs143383 polymorphism is associated with osteoarthritis of the knee with genome-wide statistical significance. 

Ann Rheum Dis 2011;70:873–5.
Zeggini E, et al. Identification of new susceptibility loci for osteoarthritis (arcOGEN): a genome-wide association study. Lancet 2012;

380(9844), 815–23.

Table 1.1 Putative gene associations

Constitution
Gender

Age

Obesity

Nurition

Bone density

Muscle strength

Mechanics
Joint shape

Alignment

Joint usage

Trauma

Genes
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Background to Osteoarthritis 5

1.8 Biomechanical loading of the medial compartment of
the tibio-femoral joint secondary to constitutional varus
mal-alignment of the knee (young man on left cf. person
on right).

1.9 Radiographic features of the non-spherical femoral
head (A) compared to the normal spherical head (B).

1.10 Diagrammatic
representation of the 2D:4D
ratio, i.e. the ratio between the
length of the index and ring
finger digit. Pattern 3 (ring finger
longer than index) associates
with increased risk of knee OA.

Pattern 1 Pattern 2 Pattern 3

A

B
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1.12 Effect of a stroke on the
subsequent development of OA.
(Data derived from Segal et al.
[1998]. The impact of hemiparalysis
on the expression of OA. Arthritis
Rheum 41:2249–2256.)

The role of sport in osteoarthritis development is unclear.

Moderate levels of sporting activity appear to improve

functional outcome perhaps via neuromuscular condition -

ing, improved aerobic fitness and well-being, easier weight

control and improved self-efficacy. Even at elite levels overall

participation in sport appears to be beneficial. However,

against this is the risk of trauma from direct injury or from

more minor trauma that is repetitive and still bad for joint

health. Therefore it seems likely that exercise/activity and

OA will show a U-shaped rather than linear dose-response

relationship (1.11). 

Moderate-elite sporting activity appears to increase osteo -

phyte and enthesophyte formation presumably in response to

biomechanical stress. Power lifting, like occupa tional knee

bending, is associated with knee osteoarthritis. Other sports

Background to Osteoarthritis6

Non-paretic hand

Paretic hand

All CVA         Moderate       Moderate            Mild
patients        to severe        to severe         paralysis

paralysis        paralysis
>3 years

2.5

2.0

1.5

1.0

0.5

0

O
st

eo
ar

th
rit

is
 s

ca
le

1.11 Joints are designed to move.
Under-usage leads to tissue atrophy
and is bad for joint health. Excessive
activity may lead to tissue injury and
predispose to OA. Moderate, regular
activity that provides physiological
loading without tissue injury seems
the ideal between these two
extremes.

Tissue atrophy

Health

Tissue damage

Disuse

Physiological
loading

Extreme 
loading

such as football are associated with knee osteoarthritis but

this may relate to direct trauma or internal derangement and

instability. More minor, but repetitive trauma may be

injurious and different patterns of osteo arthritis have been

reported in different types of sports, leading to specific

associations or terms such as: mid-tarsal arthritis –

footballers; ‘pitcher’s elbow’ – baseball; ‘ballerina’s foot’.

The synovial joint is a complex organ that requires many

other tissues for successful function. Among these is muscle

(Table 1.2) and muscle weakness is an important association of

osteoarthritis, particularly when symptomatic. The mechanism

may involve both weakness and changes in proprioception but

cause and effect may be hard to disentangle.

Neurological factors are also likely to be as important as

evidenced by the effect on osteoarthritis of 
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Background to Osteoarthritis 7

1.13 A shallow acetabular roof, as seen here in the context
of minor acetabular dysplasia, can allow the femoral head
to migrate upwards and outwards and lead to OA. 

pre-existent or subsequent neurological disease (1.12). 

Subtle abnormalities of neuromuscular function – ‘micro-

klutziness’ – in young, asymptomatic adults may be a

significant risk factor for the subsequent development of knee

osteoarthritis perhaps acting via impairment of neuro -

muscular ‘bracing’ and impact loading.

Other disorders of joints may predispose to joint damage

and osteoarthritis. These include rheumatoid arthritis,

psoriatic arthritis, sepsis, juvenile idiopathic arthritis and

gout. This is important to recognize as management of the

osteoarthritic component may require a very different

therapeutic approach to the underlying inflammatory joint

disease. This is particularly important to discuss with patients

since they may ascribe persistent mechanical symptoms to

therapeutic failure of inflammatory disease treatment. 

Childhood disorders such as Perthes’ disease or slipped

femoral epiphysis at the hip may compromise the joint

presumably due to altered biomechanics and if untreated

result in adult osteoarthritis. As mentioned above, gross

dysplasia may lead to very young onset osteoarthritis, but

more subtle abnormalities of shape, including mild hip

dysplasia (1.13), may also predispose to more typical adult

onset osteoarthritis. Such subtle variations in joint shape,

which clinically may go unnoticed especially once

osteoarthritis has developed, may in part explain some of the

recognized genetic predisposition to osteoarthritis. 

Bone pathology adjacent to the joint, e.g. Paget’s disease,

may also be associated with osteoarthritis. The mechanism

may be adverse effects on cartilage, bone remodelling and

altered bone vascularity (1.14). 

Genetically determined conditions affecting bone or

cartilage may result in premature polyarticular ‘osteo -

arthritis’. This may be in association with short stature, body

disproportion and other clinical features such as occur in the

many forms of multiple epiphyseal dysplasia (1.15–1.17) or

spondylo-epiphyseal dysplasia. Additional extra-articular

features may also occur (e.g. marked myopia and abnormal

mid-facial appearance in Stickler’s syndrome). A family

history may sometimes be present but in many cases it

appears to result from an apparently spontaneous mutation.

Radiographic appearances are often characteristic. 

Geographical ‘hot-spots’ of endemic osteoarthritis have

long been recognized. These include entities such as

Kashin–Beck disease. This presents as an osteoarthritic-like

condition particularly in Mongolia, Eastern Russia and

Northern China. Other similar forms are often named

according to the area or population affected, e.g. Mselini

disease in Southern Africa and Malmad disease in India.

Early migrant studies suggest that environmental, rather than

genetic factors are likely to be important and in some cases

this has been identified. For example, Kashin –Beck disease is

almost certainly the result of an interaction between selenium

deficiency and iodine deficient hypothyroidism.

The one clearly defined, common genetic condition

associated with osteoarthritis is haemochromatosis. This is

associated with marked accumulation of iron in tissues. In

the joint this results in a clearly defined arthropathy which is

very similar to pyrophosphate arthropathy (see page 12). The

mechanism is unclear but likely involves direct iron induced

chondrocyte toxicity and increased levels of extra-cellular

Cartilage Focal softening and loss

Bone Osteophyte, sclerosis, but 
sub-chondral osteopenia

Capsule Thickening

Synovium Thickening and modest inflammation

Muscle Atrophy and weakness

Ligaments Degeneration

Bursae Secondary bursitis

Vessels Angiogenesis, avascular necrosis, 
venous hypertension

Table 1.2 Joint tissues involved in osteoarthritis
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1.14 Paget’s disease causing
bowing of the left tibia (A). The
x-ray (B) shows the abnormal
Pagetic bone abutting up to the
knee (arrow); widening of the
tibia which no longer matches
the femoral width; and
associated cartilage loss
(arrowhead) in both tibio-
femoral compartments.
Cartilage loss is often more
extensive and diffuse with such
‘Pagetic arthropathy’ than with
common OA. 

Background to Osteoarthritis8

A B

1.15 Hand of a 24-year-old woman with spondylo -
epiphyseal dysplasia showing what clinically appears
to be OA of multiple interphalangeal joints. 

1.16 The standing knee radiograph of the same patient
as 1.15. Note the abnormal tilt of the tibio-femoral joint
line and the sclerosis (arrow) and osteophyte
(arrowhead) that mainly involves the lateral compartment.
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