ORIGINAL COMMUNICATION

Clinienl Anatomy [9:0 (5124 (2006)

A Cadaveric Investigation into the Links

between Macroscopic and Microscopic
Osteoarthritic Changes at the Ilip

RIAZ A AGHA” axn BARBARA WEBR

eperrameens of Angrovey, King's Oollog Lovdon, Usited Kivgefany

Chir whijective was o nvestigare the frequency and disiribution of ostenartheitic changes ul
e Bigr, including the relpionshp beoween osteearmheitie Tesions an the femoial heacd sw
Face and haslulogival changes inoarticolar carhlage, in 12 cadavers. Twelve embalmed
cadavers (live oles noel seven Temabes) were shissceted, and the femoral head  was
remcved Trony both sides (24 Ranorul heads), Any gross ostecarthritic chanmess wers noted
and graded oo o scale of 1-31 A cireulur dise was then remeved from the equaror of the
Femoral head and divided ioto nine regions, Qul of 192 segmens, 34 anderwent sectioning
anel sraining with hacmaloxylin and eosin (o assess lisiolowical chunges mocartilage.
Cratemarihrinis ol the hip was (sl i all cadavers, swith all males baring bilareral €
amed SR having grade 2 oov higher lesions (50% were szade 1 mel Tour of the seven
lemale spocimens having Bilateral OA and anly 79 with arade 2 lesions (with 71% srade
and 21%% normaly Chondroeyie clustering was maost conmeonly observed o (e deep
layer of curtilage tollewed By the intermediae and soperficial lovers respectively, as lhe
graddy of lhe macroscopie lesion inereased. Canilage injury ar the histological lewel jre-
cudes any visible denudation of the femoral head articolar cartilage. This study supports
the hypethesis thal varly osicoartbritie chanpes oconr in the deep layer of canilage sew
the tde ook wul progress seperiicially concontant wicth an overall inceease in the nsteo

actheitic lesten size on e fenwonl bewd surlace, Cline Arar 19:115=124 2006
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INTRODUCTION

Edteourthrivis (€AY i5 a chronie dogencrative dis
case thar affects the svaovial Jomnes, QA Is relacively
commaon with aboot o thind of whice NMorch Ameri-
cans and  owhice Morchern Buropeans  (men and
womnen) aged 2374 having features ol radiographic
OA nvolving al least wne perpheral Jeint sroup
iCresmer and Hochboere, 19975 Over the age of 7L,
up ra 90% of the population have some radiological
evidenos of 0A (lawrenee, 9770 00 ds o dlisabling
dincase, which, as oor osociery ages, becomes an
inereasingly important challense to health care fund-
e, Io has been estimaced (hae the owal cosrs for
arthritis (a1l tvpes incloding OA) mav exceed 2% of
G (Yelin, 190

The wue extent ol OA s diffienlr o derorming,
as mose stodies vse elindeal or radiological methads
o derermine whether someone has OA (Lawrence,

o 2HS Wiley-Liss, Ine,

1977 Civeria ool 1993 Creamer and Hachberg,
1997 Ingvarsson et al. 1999 These methods we
usetul but in che case of clinical suodics i s diffienlr
toallow B pevehological compensation and “veah
savers” (with respect o pain perception and svinpo-
rratoloey) and such studies cannolr derteet subeliniceal
ostevarthrioe changes, Radiological stodies thus far
have nor permitted observation of the entire juint
surface and indecd, Baage el al, reporied char rdio-
graplie eviddenee of A could be present withoot
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chimecal signs and chnteal sigms could be present
woilho radicgaphic evidence (Bagge er oal, 1491
Althaugh pestmerrem sodies have been carmicd o
(Dohery, 1940, these have noe tended o link gross
depeneraove chunges with those ocournng av the his-
relogical Tevel A eadaveric-hased  mathodolery chos
allows the soudy of vervoearly osteoarthrite changes
that wie often ool detecred by other methods, hus
in rhis srdv, the encire fomoral head sorface 1y
avaitlable for mspecton and cherefore more objecrive
observation s possible.

The wicw rhat O3 is 0 “acar and rear™ disease—
reen
larpely replaced with the thinking chat € is a meta-
Relically acrive, dvnamic process, sehich may b trig-

an nevitable  consequence  of  ageing—has

sercd byvoa varery of msules, Tlowever, the enology
ol O3 s wer e be Tullv elucidated with research,
and apinion heing polarieed  for deosdes Tyomae
schoals of thought (Kuetmer et oal, 1992, Brande
e oale 1998, Chie osiew s thae O s instiaeed m
arvicular carrilage irself wich an inirial evenr feading
cir discguibibrinm between proteoglyean and collagen
components, this it leading we degeneration and
A (Kuerreer croaly 1992 Brande croal, 1998
Slelianlew Bay, 2001, Nordin and  Prankel,
20000 The wiher view as thal an bl event leads
o subchondral bone stiffening (which precedes carrnis
lage damare! thus propasanne abnormal seeess wea

e

licney o ardeolar candlage resalung o s degenara-
rian (acin gl Pand, 1970 Stmore ot oal, 1972
FRachin and Rose, L4980; Thav et al, 2001,

This sudy ans we detenmine the broe excent and
distriburion of nsreoarthritie changes ar the hip in an
clderly populanion of cadavers and to correlate those
presy tepenenve chanpes with changes ocomnng
ar the hismological level, which will provide usefol
instehts anto where carly osceonrthritic changes begin
sl sy thes progeess,

MATERIALS AND METHCHMS
Tissue Colleetion and Grading

The hip s ol 12 eanbalimed, Cancasian caduy-
ers (age range FH-10011 were disscered using 4 posce-
rior approach, and che hip o was forcefully dislocated
ising a0 eombanacien el alwdocion aond incermal row-
riof, The 24 femoral heads were remeved osing g
hacksaw o cut through the temoral neck. The femo
eal heaed was then placed oo standand posicion
Pwhers the foved faced the experimenter), albmwing
for consisteney in measurements, grading, and pho
toraphy, " Dwor scanglard phosopraphs were wken Tor
all specimens irmespeetive of parhelogical starse

Fig. L.
shanges.

Aophamopraph of & spocimen wtk grads T oestecarthring

frant view (with the fovea facing che digital cansera)
and wosuperion view,

The severicy of any osteoarthrivie lesion was clas-
sthed as grade 1) grade 2, or grade 3 using g system
developed bvoonr department. o our knowledpze.
sueh g elassificarion system has nar Bien reported in
the literatore. The grade was determined mainly by
tlee depehe el the wsweoarnchoiie leston o o macoo-
senpic vicw of the fomaral heald, A grade 1 specimen
rofors to an osteoarthrite lesion observed as o rough
coed, neonsistent ared, whoch does ool penelrae
inte underdving subchondeal bone, Orade 2 speci-
mens have severe osteoarthricie changes, ohserved as
maarke:] derenceanen of the caribiee with the ene
sion cxrending inm underlving subehandral hone,
3 describes o specimen wiath generalized
ostesrthrivie changes covering: most of che Temoral
head surface with a large degree of carrilage thinning
iFigs, 1 and 20,

I rhe wsrecarchricie prade Tor oo parcienlar spei-
men was oot obvious, agreemeont with a sccond opin-
wn was vsed o determine the final classification,
{hher deals soehoas chie cnbaver™ ape, ses, il the
side from which che fomaoral head was remaoved wore
also noted, The sample size was oo small o con
sitler o comrelacion ard
(AT prade.

Cirade

between ape canteoaribrit s

Histological Preparvation

A eroms-section from rhe coppaeer of cach speeimen
wils cne out usieg a hacksaw with the femordl necl
held inoa wise Owith the upper limie ol each section
rerivigr rhe lower ealge of the fovea ) The ares, which
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wis previously ust below the foven, was then marke:
and acted as u fixed reference poing, Foan this hemi-
sectin, a S-mm-thick evlindrical <ise was formed by
sawing 5 o inferier o the superior edee ol rhe
hemisection using a band saw fwhere e METE R WS
setlo 8 mm) The discs were divided inro nine resians
tresulring in % % 24 = 214 seaments) using a hacksaw
and vise, with cach region of the dise Licsingr elagsified
geeerding rairs position relative o rhe reference point
described carlier (wen 2 in Fia, 30

The whule scrment was processed Wisredogical ly
apait rom scgment 3, which was porely 4 trabeculu
hone with no cartlaginons borders (thus 216 — 24 —
Pb s syseem would allow the vrinin of any see
ment (i rerms of s posicien in rhe femaral headd o
bes ascertained and allow for o more detailed iz lyais
o beomaede from rhe histologs, When each segment
bl been eur, 1t was placed in Tormaldehvde preserva-
rive, Lach of these secgments was then prepared for
histology by firer undergoing demineralizarion with
lornie acid (made up from 900 ml of 10% formalde-
hyde and 100 ml ol 90% fornic acid) Onee demineral-
aation was complere {2 weeks), ApeciinGns were
watshied wirh distilled warer und placed in small porous
vantainers with 70% aleshal for dehvdmuon over-
mght, following which they were bathed in ehlaraform
(el o o mordanc) for twa duvs inoa furme cupboard,
The containers were then filled with molten wax. thus
embedding the specimens, When the was blocks had
cocled, they were placed i fee and sectioned s 2
microtome sctal G g, wirh subsequent sl nsing

(bsrenarthritic Clunges ac che Hip 117
hacmatesylin and alesholic eosin and ohservation
thrsneh g standacd el MICTa S e,

The histological analvsis examined the differences
Between sepmments from aormal and prades 1, 2 and 3
specimens in cerms ol cartilage thickness, Gbrillation.
ricle marls urepnlarivy, and the presence of chondro
evte clistering (a3 cluster being defined as 52 cells
per chondron) i any ol the three cartilage Layeers
fiteep, middle, and snperficial and cacloding the wonce
of valcilicd cartilage). These Gnddings have  been
clavsesd s indicators ol osteoarthritie chapge, ™™
The cartilage thickness was measured nsing @ wral
mared evepicee, while cartilage. librillarion. chondro-
vyre clustering, and tide imark resularity were elassed
I8 Prescnr or nol.

Statiscical Methods

A xz Leal was nsed when there wore rwa inde
penident groups of individuals and one wanted 1
know i the proportions of individuals with o charae-
teristic are the same in the two gronips 4 Bland,
20001 The dara was put inte a 2 % 2 CONTINERILY
rable swith observed values from the sanple and
cupected values (frome the ol hyvpsthesis) for che
varble nder investigation, for rthe twn groups (Pel-
ric and Sabin, 20000 The 3% values are then added
wp and the Pavalue is abiained o the x')' distribg-

Ligms for din the case ol a 2 % 2 rable) one desree of
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Fig. 3, A disgram showing the production and slassification ol
clitferent arcas of the dis
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Freguancy ()

=

Males Females Total Sample

Fie, &, Freguency of oatepartbeie moong the 29 femoral heils
& I i =

10 male and 1 female,

frecdam. The lrequency # inoany one cell has o be
5 ar mare for the test to be valide 152 was less than
5 for anv call, chen Fisher's exaer rose was apphed o
pbtain a Pvaloe s!lmL does not relv om the approxi
mation to the g distribrotion (Perrie amd Sabing
20000, An wnpaired, 2-uniled Forest was ustd when
there were twn independent funrelaccd) wroups of
individuals and one variable of mterest, It owas
asstmed i the popularion that the variable s -
mally  distiibuted and rhe wvanances of the Twi
groUps dare che same,

RESULTS
Gross Morphology

All ealavers showed either nnilateral or alateral
degenerative changes, Combining right and left s1des,
the frequency af A among the 24 fomara] heads was
S7.5% (21)24, see Fig 51 Kleven of rhe
femoral heads had OA (78.6%) and three of rhe seven
female cadavers C12 9% had omilateral A (four oo
nf seven were Lhus bilateral), whereas all male cadav-

: had hilareral OA (sce Figs. 4 and 3) "The fre-
l]LJLIlL\’ of OA and 1he percentage of bilaweul cases
anume nwles wore significantly higher than thie T
Females (8 < 001, Fisher's exavt test), The difference
i the frequency and severity of A on the left and
right sides way not stanstically HI“H'I|IL;[IIL, and there
were no sionificant age-related differences in the tre-
-:[m;ul:x of O, There are significantly maore male
eradde 2 specimens (P2 (W01, Fisher's exier testl, arid
the single grade B specimen was also from the lefr side
af a4 male eadaver, The sraphs show the frequency,
distriburion, and gradimg of OA in male and female
femoral heads,

14 Temale

Histology

|42 have o cartilagings
"4 relating to segment 3k {JuL iof

O the 216 segmonts,
houndary (216

the 192 sepmoens, 5 (498 1% underaent |‘|i<;tt:|m.\\
To allesw fise o meaningful 1|m.iun vach of the speci-
mems was grouped accarding 1o their grade,

In Tuble 1, # refers o the ol number of seg-
mens i that catcgary; for example, & — 4 for grade
3 means that the histslogical informarion is Tased oo
four differont semments from the same single grade 3
'-i[]i:l.:iml::n whereas for giade 1, where 2 — 29, this
comprises 24 segments friom nine different grade |
specimens, Generally, with the anser and progression
ol OA (e, as the grade of the specimen incieases),
there i o decrease in carrilane (hickness, an increas
in the frequeney ol cartilage fibrillation and irregular
vide marks, and an increase o the frequeney of
chandroevle clustering in the middle and superficial
cartilage lavers {with clustering in the deep laver
ilentificd 1 83.3% of sepments, this was differenu-
arcd from disoreanized column arientaton].

Cartilage Thickness

herween noomal and  prade 1o
oade 2 wis nor siatstically  significanr,
but grade 3 sepments showing changes lad s1gnifi-
eantly thinner cartilage than other APCTIMET ron s
(P 00, nnpaired ¢ test) The calage chickness of
arade 1 specimens wus significanedy greater than that
0010 and non-

"I'he dhifference
specimnens

aof made 2 and grade 3 specimens (' <

significantly preater chan that of nonmal (Fig, 6.
Figure 7 shows thae there s o moe urniform

decrease o cartilage thickness (e, across diffirent sey-
ment positions) in grade 3 specimens. However, nor-
mal, grade 1, and 2 specimens show more v ariation i
thickiess across differene sepment posttions (Fi 8

Cartilage Fibrillation

Figure 9 shows thal grade £ and grade 3 spec)
mens had a swenificantly preater frequency of carti-
fage fibrillacion than that in grade | specimens (7
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TABRLE 1, Tiswlegical Resubts Aceording (o Grale

Averare cartilage Filsrillazion

Irresgalar taclis
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Mlichdle Layer

ey laver Supertivial
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Crrade 1o - 290 143 42 % S6.2 621 232
Crrade: 2 (e = 130 i R 1600y =1 N 2407

= &4 | 101 1 T 100 T

L, 5 tese), with no nonmal sesments showing evi-
dence of curtilape fibrillation, ™Normal aod ilrillared
cartilre specimens are shown ier for comparison,

Tile Mark

Grade 2 and grade 3 specimens had o sinificantly
greater frequency of bregular dde marks than chat in
grade 1 specimens (P 01, ;f_: tesll (Fig 100,
There were no scgments from “normal' specimens
with irregular tide marks (Figs, |1 and 120

Frgnre 11 shows o specimen with grade | osteonr-
thritie clunges, and che tide macls for rhis specimen
iy regnlar tide mark, Inosume cases (as shown in e
grade 2 specimend che ride mark was doealiled aned
iregnlar (Hig 12},

Chondroeyte Clustering

Chombeeyre clustering (=2 cells per chondron)
vecirredd in all carolage lavers, bur in general. the
diecp laver showed more elustering than the iner-
mediate laver, which in tum showed o prearer fre
gueney than the superficial iver. Clustering in all
lavers correlated wich the grade of OA (g 13

Figure 14 compares the degree of chimdracyte
cliesrering in each cartilage laver for normal and grade
L2, and 3 specimens (where 3005 cquates 1o the
presenve of chondroacyee clustering in all three lawers),
The overall extenc ol clustering in the three lavers
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Fig, & Cartilage hickness against specimen grade.

wits significantly greater Nr prade 3 specimens whoen
comparcd with all other grades (2 = 001, 7 rese).
Grade | specimens had significantly more chondio-
eyre clustering thun normal specimens (P < .01, ¥
testh The normal specimens also showed significantly
less elusrering in the nermediate laver than thar of
grade 1, 2, and 3 specimens (F < 00,01, 2’.2 resll Marmal
apecimens did ner have any clustering in the superfi
cial laver, Grade 3 specimens had g significandy
greater degree of clustering than that of grade 1 and 2
specimens inrthe superficial laver (8 < 0.01, 3" resth.
The prearest progression or inercase in chondro-
ovie clustering takes plice beoween nonmal  and
grade 1 spevimens and berween grade 2 and grade
specimens, Well developed asrenphyres were only
seen in the single prade 3 specimen, with cirly
osteoplivle formarion in some grade 2 specimens.

DISCUSSION

pstewsrthricie
Bilateral, This 10049

Lvery cadaver had  evidence of
changes, either unilaternl or
prevalence the wcaduvers is significantly
thaes A5.4%  prevalence  reported by
Lngvarsson er all (1999 0 people aped 53 and above,
Wawr epidemiological studies have used radiological
ar clinieal findings 1o derermine the presence of OA,
while 1 the present studv, OA was derermined b o
visnal classification of Jdepenerarive chanses on the
entire femoral hewl sorfice, this may aecsunt for the

amaong
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disparity. Hewever, these resules are simila o some
aropsy-based  stodies, which have  used  simika
merhnds and found almost unbversal degenerarive
changes in people above 65 vears (Doheny, 19910
The high prevalence rate in this study would resul
from o combination of methadelogy and the age-
ranee being studied.

Sienilicantly, more males than females showed
depenerasive changes and of o more sever paure
(wich 505 of femenal leads from males being classed
as vpde 2 owhen compured with 7% Tor fommarl
heads  froom female  cadaversh. Doherry (1994
reported that females have a grearér prevalence of
hip OA after the age of 70, whereas males have
grearer provalence of hip OA bolow age 6L, These
resules are also vonsistent from a0 hismechanical
point ol view as the joine reawtion force at the hip 15
arearer in men than in women beeaase of the greater
angle of inclinariom in males (Ozkava and Nordin,
[ Uhis mav alsa partly account for the
severiry off A among males

The results frinm histology suggest tha certaim
indicators of cartilame damape and OA sueh as a
deereased eantiluge thickness and candluge librllation
are relatively lare cvents in the pathogenesis ol 04,
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Fig. % The Irequeney of calilage Ahrillation fer sl wrie
|, 3 amd 3 specimans,

Fig, 8 AL T A normal carts-
lage surface and thickness oo
srade | O specimen on e el
papecimen T3l side, segiment

s 500, with camtluge Dlaillation
and thinning m e wide 3 speci
men on 1he nehl (specinen © el
sidde, semment X w0 [Color
fgure van b viewed intle onling
fasne,  which s availible W
e aniber s e e, wil ey et |

reaching o significant frequency only  when the
psteoartheitic lesion on the femoral head sorfiee was
alrendy advanced (heing prade 2 or 33 Prior ro carti-
lage rhinning, there appears ro be an titial merease
i cartilage thickness (see Fig, 61 Althongh s was
shaswn w be g nonsignificinn wend (possibly because
af the lew pomber of “roomal™ samples), s pat
tern of desenernive change is similar o that
pbserved by Panula er all (19983, where carrilage
thiclknesy inereased pror o surface Abnllation, which
ma reflect an indsal Ty pertrophic response (ncieased
matris production) by choindioeytes moresponsc i
injury or exeessive foree rransmission (Panuola o al.,
R

The legueney of irrcenlar Gde marks inereased
rapidly hetween normal and grade 1 ospecimens and
bevween wrade | oand prade 2 specimens, sugpesting,
irreulin tde marks inerease in frequency earlier than
cartilage Abwillagon and  cartilage chinning,  which
become significant anly in grade 2 and 3 specimens,
The nuin funetion of the tide mark is toact as a Ouid
parrier berween the zone of caleificd cartiluge (and
underhving suhehondral Boned and the deep baver el
eartiluee (Qeata and Whireside, 197% Adams ot al.,
20023, Diisruption ul this layer may lead w fuid trans
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Fig. WL The fregquency ol dvcesular tide marks lor nemanal,
eace 1, 20 a3 speaimens,
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savinent 20 IO [Celor Dgure van be viewaed in the enline isane,
which s available al waw dolerscivngsai ey oo,

fer berween cantiluge and bone. Conceivably,  the
aleered dvnamies arad forces in the aren could cause a
reactive hvpertrophy and division ol the chondniisyres
i the vicinity, leading ra chondroeyee clustering and
cartilage rhickering, Reforing o Figures 134 and
P30, one can see how the chondmocyies in Fioore 14
have greater intereellnlar spacing

Revaseuliriarion of the deep laver of cartilage by
visssels frome subchondral bone, which penerrate the
pde mark, has alse been veporred (Kocomer and
Panlic 19531 Fenwick er al stared that osteoarthrie
cartilage (hue nor non-Cy carcilage) showed invasion
by blood wessels from o choroallantaic membrane,
with loss of wraining for proteoglveans and cartilage
speciiic glveosaminoglyeans (Fenwick er oal. 1999
Mikolaeva et al, 20021 Such changes in compoesition
could alrer rhe fluid dow within caralage, and there-
fore, s compressive steength simd shear modolos -
with sevenl revent sodies reparting such alrered
bitmmechanical  dvnumics i response o inurcased
wiater content and decreased proteoplvean conrene of

Superficial

Creep

Fig

Ostecarthritic Changes at the Hip 121
cartilage (Kenn ot oal, 1998 Buran-Worster, 1999:
Lreppo e oal, 2000; Nikalaewva et al, 2002, Apple-
vard eroal, 20033 More recently, loss ol nnmunotol-
erance to a cartilage protem spesific o che iner-
mediate Laver was reporred in the context of OA
{"Psuruha er al, 2001). These reports emphasize the
potential importance of the dde mark in rhe eriolagy
and progression ol UA

Chendroeyre elustering 15 belicved o be Tndica-
rive of cartilage tnjury {Wayne er al. 2000, It was
uliserved inoall lavers, bur only normal specimens
showed no chondroovee clustering in the suporficial
laver and signifsmtly lower levels of clustening
the inrermediare laver. Overall, clustering gradaally
mereased with grade and was gencrally mose com
mone i the deep laver, followed by the intermediole
and superficial livers, respectively. Only the grade 3
spectmen showed masimum clustering in all three
lvers, and in all the segment positions aoalyeel, this
5 in accordanve with che severity of the observed
lesion on rhe femaral head suface, Chondrocyie
clustering in the normal specimens may indicare
carly oateoanhriie changes {with column organiza-
riem being sparedl. Towever, no lesion was seen on
the temoral head surfuce amd ne ridemars changes
were plserved, implying thar early  osteoarthrice
changes mav take place in the decep liver of carrilage
falthough such chemdroeyre clustering may not nec-
cssarily relate to an ostecarchoitic provess), o finding
that ts turther supparced by the early increase inorde
nark drrewularicy, and has previoushe been linked w
the pathogenic mechanism ol OA (Roerrner er oal,
19920 The formarion of asteophyees s also a nela-
rively lae event in the patholosical range snudicd
These findings snpeese that osreoarthritic progression
ar the histolagical level follows a temporal sequence

(Fig. 151

12, Dreabled irccgudar lide marks seen inoaspecioen righl sy, seement 2 oand scemean 4,

respoeivvely CEOD and oS T respectvely )y [Cndar Geore gon e viewed o the pnline asue, which i
| i I =

vatilulle wl weweaamierseicnes wilsy oo, |
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Fig. 13 A “Normal "' cartilage wicth oo evidence of chondes
oyt clustering O 10 B Articolar’ Cartilape with avidence of
chandeocye elustering (= WL [Color Do can be viewsd in the
orbme s, which b available ar wassinterscicnoe, wilsycom. |

30—

30

Fraquency (%]

Marmal [n = &)

Grade 1 (n=29)

Fig. 14,

maxinuom clostarng in sl theee layes),

Grade 2 {n=15)

The findings of this study do not support a grad-
nal thinmiog or “wear el cear™ of the sarrilage from
supresrficial e deap Tavers wich subscoguent damage to
bone, us reported by others (Clarke, 1971 Saxena
eroal, 1991 Dioherty, 1994 Punuala et oal, 1995
Rarher, ir supporrs che view rhar carly changes oceur
i the region of the deep laver of cartilage nearest
the tide marks Henee, these findings indireetly sop-
Pt mre of an incerplay berween carilage and the
gone of calethed cartiloge at che ode mark with per-
haps changes o either side mgperne the osreoar-
thrivie process, The resules of this study would also
be more consistent wich cthe hypothesis of subchon-
dral bone sulTening predisposing twerlying carrilige
to depenerarive change through the propagation of
abnormal foree gradients {(Simon e al, 1972 Bailes
and Mansell, 1997 Davoec al, 20000 These foree
vradiones are likely ro be sharpest ar the region of
the zone of calofied carulage, the ude mark, and the
tleep laver ol cardlape, as rhos s rhe inrerface
berween hard and solt tissues and consequencly the
potential trggering poine {or the ostecarthnite proe-
ess 110 the rehe s of eralegical  facrars s
[IrECSeNT,

It has been over 30 vears since Mankin et al
ducimented the hewrogeneons changes in cartilage
broughr on by the Osteoarthritic process (Harrison
et aly 1933 Foerguson, 1904 Croodiellow amd Bol-
leneh, 1967 Sukolaff 196% Mankin oo al, 19710
There is now an increasing need for further stody
that corrclates macroscopic lodings wich hiswological
changes, with the aim ol paining fresh insighe inm

121 Superficial
Layer (%)

| @ Intermediate
Layer %)

| m Deep
Layer (%)

Grade 3 (n=4)

The Freauenay ol chondvecyte clustedeg i e dilfenenl cartilige laeers {3005 indweates
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A proposed rempornl seoquence Jor hisiological changmes

the etology of OA, which to this day 15 somewhar of

ann i, Furthennaore, there s o need oy exiend
the parhological speerrum scen here o those with
mare severe DA {(bevond grade 3 severity—ideally
those remanvend i wotal bapr replacermens for hip O3A)
These cartilage changes shaold ideally be analvzed
together with changes n other joint components,
which are alse mvelved i the patholeaey of O sneh
as rhe suhchondral and reabecular bone, the syno-
v, the jomt capsule, and the hgaments Stodics
are inereasiogly showeing thae O0A 1w o discase of the
whaole diarthredial joine nor just the careilage or the
bone, and there mav be multiple points ol nitacen
for the disease process [Batley amd SNansell, 1095
Dray croal, 2001 MeKinley and Bay. 2001, Muehle-
i e al., 20021,
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