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Crystal deposition in normal and diseased articular cartilage: an 
extended report 
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Summary 
Panicles observed on the surfaces of human articular cart i lagc 
following trauma and f rom c h o n d r o m a l a c i a osteoarthrit ic and 
rheumatoid joints using the scanning electron microscope were 
analysed by x-ray diffraction technique. The particlcs contained 
calcium and phosphorus and they were identif ied only in 
structurally abnormal cartilagc. These f indings suggest that local 
abnormality of articular cart i lagc probably underl ies crystal-
Jcposition. 
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Resume 
Les particules obscrvess sur les sur faces des cart i lage articulaires 
chcz les humanins aprcs un t raumat i sme et a patrtir dc malaises 
chondrotique, osteoarthrit iquc ct rhumat i smiquc en utilisant Ic 
microscope elcctronique a scarrer etc ana lyse par unc technique 
rayon-X diffractaire. Les part icules contcnaient du ca lc ium ct du 
phosphore ct aitnte i d e n t i f i e s s t ructurcl lemcnt sculemcnt 
cartilage chez les anormal. Ces resultats suggcrent que lanomalie 
locale du cartilage articulairc cache le depot dc crystal. 

Introduction 
Crystals of various composi t ions m a y be deposi ted in synovial 
joints. Their importance lies in the fact that they may cause 
inflammation and/or jo in t damage . In the variety known as 
"crystal-deposition diseasc"[l] , crystals of calcium pyrophosphate, 
calcium orthophosphatc and ca lc ium hydroxy-apat i te are found. 
This clinical entity is still to be ful ly elucidated, however. In order 
to provide some relevant data, in this s tudy, normal and diseased 
joints of various age groups have been examined using scanning 
clcctron microscopy (SEM) and x-ray d i f f rac t ion analysis ( X D A ) 
of surface particles. 

Materials and methods 
Very thin slices were removed f rom the art icular sur faces of 30 
joints during orthopaedic operat ions for var ious condit ions. 
Specimens were obtained f rom: 
a 7 trauma patients (controls); 2 in their teens and 5 aged 

70 or over. The site of trauma in the young patients was 
the knee in all cases and the h ip in the old who were 
undergoing prosthetic replacement for f racture of the 
neck of the femur. 

b 9 patients suffering f rom chondromalacia patellae (age 
range 20-30 years); all were undergo ing explorat ion of 
the knee for the anterior knee pain syndrome, 

c 8 patients suffering f rom osteoarthritis (age range 65-
80) years); 4 were undergoing jo in t replacement of the 
knee and 4 of the hip. 
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d 6 patients suffering f rom rheumatoid arthritis (age 
range 50-60 years); 3 of which were undergoing joint 
replacement of the knee, 2 of the hip and one patient 
had excision of the head of the radius. 

The specimens were kept in sterile water during transit to the 
laboratory which was usually after a period of three days. They 
were then fixed in 2 % buffered glutaraldchydc for three weeks 
thereafter, dehydrated in graded alcohol before critical point 
drying by C 0 2 . Next, the specimens were mounted onto stubs 
and carbon-coated in the usual fashion. Thereafter, they were 
examined, after coating with gold, in the Phillips 501B scanning 
clcctron microscope with attachment for energy-dispersive 
micro-analytical system (Link System 860). Attention was 
directed to any "f ree" surface particlcs and in order to 
distinguish true observations from artifacts, attempts were made 
to identify their chemical composition. The results were 
graphically analysed for all chemical elements using carbon-
coated cellotapc as the standard. 

Resul t s 
The radiographs of the joints from which samples were obtained 
after trauma were otherwise normal. 

Electron microscopy 
Three general types of surfaces were identified in scanning 
electron micrographs: 

a. smooth surface which was cellular and fiat or 
undulating (Figure 1); 

Fig. 1: SEM showing the smooth surface 
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b. scaly surface which had neither cellular nor Fibri l lary 
structures ident i f iable (Figure 2); and 

Fig . 2 : S E M s h o w i n g the scaly sur face 

c. fibrillary sur face we re n o cellular elements could be 
ident i f ied and the f ibre pattern had no order (Figure 3). 

F ig . 3 : - S E M s h o w i n g the fFibr i l lary surface. 

T h e dis t r ibut ion of the d i f fe ren t types of surfaces within the 
o r thopaedic cond i t ions s tudied is shown in Tab le 1 

T a b l e 1: The distribution of surface types among the or thopaedic 
condi t ions s tudied 

S m o o t h Scaly Fibrillary Total 

T r a u m a (young) 
T r a u m a (old) 
Chondromalac i a 
Osteoarthr i t is 
Rheumato id arthriti 
Total 

2 
5 
9 
8 
6 

30 

Crystals were observed on the surface among degenerate 
cells debris and in relation to cracks and crevices but not obviously 
within cells. Crystals were also observed among globular particles 
(Fig. 4) . 

Fig. 4 : S E M s h o w i n g g l o b u l a r pa r t i c l e s indicating joint 
e f fus ion . 

T h e s e part icles w e r e o f t e n c l u m p e d t o g e t h e r like bunchcs of 
g rapes and were present o n l y in j o i n t s w i t h an effusion. They 
were uniformly electron d e n s e a n d c o u l d be distinguished from 
the red cells which w e r e genera l ly o f the s a m e size but more disc 
shaped with e lec t ron o p a q u e c e n t r e s (F ig . 5 ) 

I' ig. 5 S E M s h o w i n g red b lood ce l l s ind ica t ing haemarthrosis 

X-ray diffraction analysis (XDA) 
When compared to c a r b o n - c o a t e d c c l l o t a p c (Fig. 6), three 
e l emen t s most f r equen t ly s h o w e d p e a k s o n X D A ; namely, 
su lphur , ca l c ium and p h o s p h o r u s in t h e o r d e r o f frequency 
A sur lphur peak w a s o b s e r v e d in all s p e c i m e n s . 

Fig . 6: X D A of c a r b o n - c o a t e d cc l l o t apc (con t ro l ) 



Observation study of the articular surface 183 

The distribution of ca lc ium peaks a m o n g the spec imens is shown 
in Table 2 Small ca lc ium peaks we re ident i f ied in 4 0 % of the 
"old" articular carti lages (Fig 7) 

Table 2: The distr ibution o f c a l c i u m p e a k s a m o n g the 
orthopaedic condit ions s tudied . 

Car t i lage Car t i l age wi th 
wi thou t e f f u s i o n e f f u s i o n 

C a + + N o C a + + C a + + N o C a + + 
Peak peak peak peak Total 

Trauma (young) - 2 . - 2 
Trauma (old) 2 3 . . 5 
Chondromalacia 2 5 . 2 9 
Osteoarthritis 6 - i . 8 
Rheumatoid arthritis - - 6 . 6 
Total 10 10 8 2 30 

Fig. 7 XDA of 'o ld* a r t icu la r ca r t i l agc 

The two specimens showed s o m e d e g r e e of su r face disorganisat ion 
and scalincd characteristic o f os teoar thr i t i s a l t hough they were not 
associated with any jo in t e f f u s i o n s or r a d i o g r a p h i c e v i d e n c e of 
osteoarthritis. 2 2 . 2 % of the c h o n d r o m a l a c i a g r o u p had small 
calcium peaks (Fig. 8 ) and these t w o s p e c i m e n s a l so s h o w e d 
features characteristics o f os teoar th r i t i s . N o c a l c i u m p e a k s w e r e 
present in the two s p e c i m e n s wi th j o i n t e f f u s i o n . 

Fig. 8: XDA of chondromalac ic car t i lagc 

All the ostcoarthritic specimens showed calcium peaks 
but there were t w o varieties. " D r y " jo in t s wi th sur face changes 
mainly of disordered fibre patterns had low ca lc ium peaks. T h e 
j o in t s with an e f fus ion , usual ly associated with very grossly 
disorganised or scaly surfaces, had very high ca lc ium combined 
wi th very high phosphorus peaks. (Figure 9). 

F ig . 9: X D A of ostcoarthr i t ic car t i lage 
All rheumato id spec imens had very high ca lc ium and 
p h o s p h o r u s peaks (Fig. 10) 

Fig . 10: X D A of rheumato id car t i lage 
Di scuss ion 
A sulphur peak is presumed to indicate the p resence of prote ins , 
hcncc , su lphur peaks we re obse rved in every spec imen 
regardless o f whether crystals were present T h e cry s tals appear 
to be composed predominant ly of ca lc ium and p h o s p h o r u s salts 
Consequent ly , there was a c lose correlation be tween calcium and 
phosphorus peaks; a phosphorus peak w a s absent if the ca lc ium 
peak w a s low and vice versa 

T h e m c c h a m s m by w h i c h these ca l c ium crys ta ls arc 
d e p o s i t e d in the ar t icular car t i lage is not k n o w n A pr imary 
me tabo l i c origin has been sugges t ed (1J and the poss ible 
m e c h a n i s m s h a v e recent ly been d i scusscd (2] Apparen t ly , a 
pr imary cart i lage d i sease cou ld lead to an e x u d a t i v e react ion or 
e lec t ro ly te imba lance f r o m which c a l c i u m sa l t s cou ld then be 
precipitated and ext ruded to the su r f acc On the o ther hand , the 
f i nd ing f rom this s tudy of a c lose cor re la t ion be tween crystal-
deposi t ion and sur facc disorganisat ion appears to implicate local 
s t ructural c h a n g e s [3J. T h e su r f ace aber ra t ion most c o m m o n l y 
as soc ia ted with c a l c i u m depos i t ion is very s imilar to that 
o h ' a m c d on scann ing o s s e o u s e l e m e n t s j4 ] This ra ises the 
possibi l i ty that the subchondral bone is being " e x p o s e d " a n d that 
it is f rom this that ca lc ium salts arc released into the joint . There 
w a s no EM ev idence of ca lc i f ica t ion which con f i rms the 
f ind ings of p rev ious s tudies [5-SJ 
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The articular cartilage is organised into zones [9J. The 2. 
thin surface layer is cellular and almost devoid of fibres. 
Immediately deep to this, the fibres arc fine and arranged in 
bundles nearly parallel with the surface. Deeper still, the fibres arc 3. 
coarser and arc arranged as tight spirals. The fourth zone which 
surmounts the subchondral bone is calcified. These descriptions 
could very easily be applied, respectively, to the three surface 4. 
aberrations identified in this study. Each surface type appears to 
represent the depth to which erosion of the articular cartilage has 5. 
reached. Thus, Figure 1 (smooth surface) corresponds to the 
superficial zone and Figure 2 (scaly surfacc) with the calcified 
zone while Figure 3 (fibrillary surface) is somewhere in between. 6. 
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