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2229to	underlying	bone	damage,	producing	bone	marrow	lesions	seen	on	
magnetic	 resonance	 imaging	 (MRI).	Malalignment	 in	 the	knee	often	
produces	such	a	substantial	increase	in	focal	stress	within	the	knee	(as	
evidenced	by	its	destructive	effects	on	subchondral	bone)	that	severely	
malaligned	knees	may	be	destined	to	progress	regardless	of	the	status	
of	other	risk	factors.

Weakness	in	the	quadriceps	muscles	bridging	the	knee	increases	the	
risk	of	the	development	of	painful	OA	in	the	knee.

Patients	with	knee	OA	have	 impaired	proprioception	across	 their	
knees,	 and	 this	may	predispose	 them	 to	 further	disease	progression.	
The	role	of	bone	in	serving	as	a	shock	absorber	for	impact	load	is	not	
well	understood,	but	persons	with	increased	bone	density	are	at	high	
risk	 of	OA,	 suggesting	 that	 the	 resistance	 of	 bone	 to	 impact	 during	
joint	use	may	play	a	role	in	disease	development.

LOaDING FaCTOrS
Obesity Three	to	six	times	body	weight	is	transmitted	across	the	knee	
during	 single-leg	 stance.	 Any	 increase	 in	 weight	 may	 be	 multiplied	
by	this	factor	to	reveal	the	excess	force	across	the	knee	in	overweight	
persons	during	walking.	Obesity	is	a	well-recognized	and	potent	risk	
factor	for	the	development	of	knee	OA	and,	less	so,	for	hip	OA.	Obesity	
precedes	the	development	of	disease	and	is	not	just	a	consequence	of	
the	inactivity	present	in	those	with	disease.	It	is	a	stronger	risk	factor	
for	 disease	 in	women	 than	 in	men,	 and	 in	women,	 the	 relationship	
of	 weight	 to	 the	 risk	 of	 disease	 is	 linear,	 so	 that	 with	 each	 increase	
in	 weight,	 there	 is	 a	 commensurate	 increase	 in	 risk.	Weight	 loss	 in	
women	lowers	the	risk	of	developing	symptomatic	disease.	Not	only	is	
obesity	a	risk	factor	for	OA	in	weight-bearing	joints,	but	obese	persons	
have	more	severe	symptoms	from	the	disease.

Obesity’s	 effect	 on	 the	development	 and	progression	of	 disease	 is	
mediated	 mostly	 through	 the	 increased	 loading	 in	 weight-bearing	
joints	that	occurs	in	overweight	persons.	However,	a	modest	associa-
tion	of	obesity	with	an	increased	risk	of	hand	OA	suggests	that	there	
may	be	a	 systemic	metabolic	 factor	circulating	 in	obese	persons	 that	
affects	disease	risk	also.

repeated Use of Joint and Exercise There	are	 two	categories	of	 repeti-
tive	 joint	 use,	 occupational	 use	 and	 leisure	 time	 physical	 activities.	
Workers	performing	 repetitive	 tasks	 as	part	 of	 their	occupations	 for	
many	years	 are	 at	high	 risk	of	developing	OA	 in	 the	 joints	 they	use	
repeatedly.	 For	 example,	 farmers	 are	 at	 high	 risk	 for	 hip	 OA,	 and	
miners	have	high	rates	of	OA	in	knees	and	spine.	Workers	whose	jobs	
require	 regular	knee	bending	or	 lifting	or	 carrying	heavy	 loads	have	
a	high	 rate	of	knee	OA.	One	 reason	why	workers	may	get	disease	 is	
that	 during	 long	 days	 at	work,	 their	muscles	may	 gradually	 become	
exhausted,	no	longer	serving	as	effective	joint	protectors.

It	 is	 widely	 recommended	 for	 people	 to	 adopt	 an	 exercise-filled	
lifestyle,	and	long-term	studies	of	exercise	suggest	no	consistent	asso-
ciation	of	exercise	with	OA	risk	in	the	majority	of	persons.	However,	
persons	who	already	have	injured	joints	may	put	themselves	at	greater	
risk	 by	 engaging	 in	 certain	 types	 of	 exercise.	 For	 example,	 persons	
who	have	already	sustained	major	knee	 injuries	are	at	 increased	risk	
of	 progressive	 knee	 OA	 as	 a	 consequence	 of	 running.	 In	 addition,	
compared	 to	 nonrunners,	 elite	 runners	 (professional	 runners	 and	
those	on	Olympic	 teams)	have	high	 risks	of	 both	knee	 and	hip	OA.	
Lastly,	although	recreational	runners	are	not	at	increased	risk	of	knee	
OA,	studies	suggest	that	they	have	a	modest	increased	risk	of	disease	
in	the	hip.

PaTHOLOGY

The	pathology	of	OA	provides	evidence	of	 the	 involvement	of	many	
joint	structures	in	disease.	Cartilage	initially	shows	surface	fibrillation	
and	 irregularity.	As	 disease	 progresses,	 focal	 erosions	 develop	 there,	
and	these	eventually	extend	down	to	the	subjacent	bone.	With	further	
progression,	cartilage	erosion	down	to	bone	expands	to	involve	a	larger	
proportion	of	the	joint	surface,	even	though	OA	remains	a	focal	dis-
ease	with	nonuniform	loss	of	cartilage	(Fig. 394-6).

After	an	injury	to	cartilage,	chondrocytes	undergo	mitosis	and	clus-
tering.	Although	the	metabolic	activity	of	these	chondrocyte	clusters	is	

high,	the	net	effect	of	this	activity	is	to	promote	proteoglycan	depletion	
in	the	matrix	surrounding	the	chondrocytes.	This	is	because	the	cata-
bolic	is	greater	than	the	synthetic	activity.	As	disease	develops,	collagen	
matrix	 becomes	 damaged,	 the	 negative	 charges	 of	 proteoglycans	 get	
exposed,	and	cartilage	swells	from	ionic	attraction	to	water	molecules.	
Because	in	damaged	cartilage	proteoglycans	are	no	longer	forced	into	
close	proximity,	cartilage	does	not	bounce	back	after	loading	as	it	did	
when	 healthy,	 and	 cartilage	 becomes	 vulnerable	 to	 further	 injury.	
Chondrocytes	at	the	basal	level	of	cartilage	undergo	apoptosis.

With	 loss	 of	 cartilage	 come	 alterations	 in	 subchondral	 bone.	
Stimulated	by	growth	factors	and	cytokines,	osteoclasts	and	osteoblasts	
in	the	subchondral	bony	plate,	just	underneath	cartilage,	become	acti-
vated.	Bone	formation	produces	a	thickening	and	stiffness	of	the	sub-
chondral	plate	that	occurs	even	before	cartilage	ulcerates.	Trauma	to	
bone	during	joint	loading	may	be	the	primary	factor	driving	this	bone	
response,	with	 healing	 from	 injury	 (including	microcracks)	 produc-
ing	 stiffness.	 Small	 areas	of	osteonecrosis	usually	 exist	 in	 joints	with	
advanced	disease.	Bone	death	may	also	be	caused	by	bone	trauma	with	
shearing	of	microvasculature,	leading	to	a	cutoff	of	vascular	supply	to	
some	bone	areas.

At	the	margin	of	the	joint,	near	areas	of	cartilage	loss,	osteophytes	
form.	 These	 start	 as	 outgrowths	 of	 new	 cartilage,	 and	 with	 neuro-
vascular	 invasion	 from	 the	 bone,	 this	 cartilage	 ossifies.	 Osteophytes	
are	an	important	radiographic	hallmark	of	OA.	In	malaligned	joints,	
osteophytes	grow	larger	on	the	side	of	the	joint	subject	to	most	loading	
stress	(e.g.,	in	varus	knees,	osteophytes	grow	larger	on	the	medial	side).

The	 synovium	 produces	 lubricating	 fluids	 that	 minimize	 shear	
stress	 during	 motion.	 In	 healthy	 joints,	 the	 synovium	 consists	 of	 a	
single	 discontinuous	 layer	 filled	 with	 fat	 and	 containing	 two	 types	
of	 cells,	 macrophages	 and	 fibroblasts,	 but	 in	 OA,	 it	 can	 sometimes	
become	edematous	and	inflamed.	There	is	a	migration	of	macrophages	
from	the	periphery	into	the	tissue,	and	cells	lining	the	synovium	pro-
liferate.	Enzymes	secreted	by	the	synovium	digest	cartilage	matrix	that	
has	been	released	from	the	surface	of	the	cartilage.

Additional	pathologic	changes	occur	in	the	capsule,	which	stretches,	
becomes	edematous,	and	can	become	fibrotic.

The	pathology	of	OA	 is	not	 identical	across	 joints.	 In	hand	 joints	
with	severe	OA,	for	example,	there	are	often	cartilage	erosions	in	the	
center	of	the	joint	probably	produced	by	bony	pressure	from	the	oppo-
site	side	of	the	joint.

Basic	 calcium	 phosphate	 and	 calcium	 pyrophosphate	 dihydrate	
crystals	are	present	microscopically	in	most	joints	with	end-stage	OA.	
Their	role	in	osteoarthritic	cartilage	is	unclear,	but	their	release	from	
cartilage	 into	 the	 joint	 space	 and	 joint	 fluid	 likely	 triggers	 synovial	

FIGUrE 394-6 Pathologic changes of osteoarthritis in a toe joint. 
Note the nonuniform loss of cartilage (arrowhead vs solid arrow), the 
increased thickness of the subchondral bone envelope (solid arrow), 
and the osteophyte (open arrow). (From the American College of 
Rheumatology slide collection.)
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