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Microdeposition of amyloid in the joints
Y. A. GOFFIN, Y. THOUA, AND P. R. POTVLIEGE

From the Department ofPathological Anatomy, Hopital Brugmann, Universite' Libre de Bruxelles

SUMMARY The distribution of amyloid in various organs, including the hip and the sternoclavicular
joints, was systematically investigated in a prospective necropsy study of 91 unselected individuals
whose median age was 70 years. The overall incidence of amyloid microdeposits in both joints was
56%. Their presence correlated significantly with age only. The deposition began earlier in the
sternoclavicular joint, where the fibrocartilaginous disc was almost exclusively affected. The myo-
cardium was the next most frequently affected organ, with an incidence of 12.2%. Minor amyloidosis
of the articular tissues had no significant clinical counterpart, neither was it associated with any
particular disease. It seemingly represents a localised and isolated degenerative phenomenon, whose
morphological aspects invite speculation about the pathogenic role of long-lasting mechanical stress.

During the last 2 decades several reports on amyloid
involvement of articular and periarticular tissues
have appeared. Two forms may be distinguished
according to the importance of amyloid deposition
and its clinical consequences. Large deposits are
responsible for a disease that simulates rheumatoid
arthritis.1-8 24 This form is rare, has its highest pre-
valence in the 4th and 5th decades of life, and gen-
erally is associated with myeloma or forms part
of a generalised amyloid disease. Any joint may be
involved, and the involvement is usually symmetrical.
Destructive intraepiphyseal nodules have been
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described by Uehlinger.5 Cartilage plates and fibro-
cartilage may be affected.2

Microscopic deposits which characterise the
asymptomatic form are commoner.""' These have
been discovered in the capsules of the hip joints of
patients operated upon for degenerative osteo-
arthritis as well as in post-mortem specimens taken
from elderly people who had no clinical evidence of
joint disease.

Such deposits are generally held to represent a
very limited type of amyloid disease, which is
entirely devoid of clinical significance. However,
this opinion needs to be confirmed, since it is based
on pathological studies which up to now were limited
to the joints. In the present investigation the tissues
of 2 different types of joints were systematically

Table 1 Subjects and tissue sampling
a. Age group (yr) No. of subjects b. Diseases (other than No. of subjects

amyloidosis)

0-19 3 Cardiovascular diseases 35
20-39 8 Chronic inflammatory

processes 15
40-59 23 Malignant tumours 13
60-79 34 Cirrhosis 8
Over 80 23 Diabetes 7

Chronic gastroduodenal ulcers 7
Miscellaneous 1 5

c. Tissues examined (single section each)
Brain: cortex, hippocampus, cerebellum, brainstem, Spleen: including capsule

misc. Kidney: cortex and medulla
Oral mucosa: gum or tongue Kidn: cortex and medulla
Thyroid Colon: pelvic part, whole thickness
Heart: interauricular septum, ventricle, His bundle, Sternoclavicular

mitral and aortic valves joint: capsule and fibrocartilagenous disc
Pancreas: tail Hip joint: fibrous capsule and synovium
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28 Goffin, Thoua, Potvliege

examined for the presence of amyloid: the capsule
of the hip, a diarthrodial joint, and the capsule
together with the fibrocartilaginous disc of the sterno-
clavicular joint, an amphiarthrodial joint. Visceral
tissues were also explored in the same random
group of 91 subjects seen at necropsy.
The incidence of asymptomatic amyloid deposits

of the joints, together with its relationship to age
and its association to nonarticular amyloid deposi-
tion as well as to other diseases are the subject of
this report.

Material and methods

Tissues were obtained post mortem from 91 subjects
admitted to the different departments of the Brug-
mann University Hospital during the period 1976-8.
The only selection consisted in the exclusion from
the study of these cases in which the post-mortem
interval exceeded 24 h.
The age distribution is recorded in Table la and

the diseases other than amyloidosis in Table lb.
Tissue samples, listed in Table lc, were fixed in 1000

Table 2 Fifty subjects with arnyloid deposits

Age Sex Joints Heart Other organs

Sternoclavic. Hip Interaur. Ventric. Valves Any
disc septum myocard. localisation

M 0 0 + +
F + 0 0 0
F + +0 0
F NE +-0t
F + O 0 0
F 0 0 0 0
M 0 + 0 0
M + + 0 0
M - 0 0

F + NE NE 0
F + -0 0
M + + 0 0
M + 0 NE 0
F + NE + 0
M 0 + -* 0
M + 0 0
M + 0 0
M + + 0 0
F + 0 + 0
F + + 0 0
F + 0 0 0
M + - 0 0
M NE - 0 0
M +* 0 0 0
F + + 0 0
F +- 0 0 0
M + 0 0 0
M NE + + +
M + 0 -- 0
M O +
M +- 0 0 0
F + 0 0 0
F + 0 0 0
M + NE 0 0
M NE -t 0 0
M + 0 0 0
M + 0 0 0
F + 0 0 0
M + NE + 0
F + 0 0 0
M + 0 NE 0
M + 0 ± 0
F + 0 0 0
M + 0 0 0
M 0 0 NE +
M + 0 0 0
F 0 + 0 0
F NE 0 + +
M + NE + +
M + 0 0 0

39 18 11 7

0 +
0 0
0 0
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 +
0 +
0 0
0 0
0 0
0 +
0 0
0 0
0 0
0 0
0 0
± +
0 0
0 0

00 -4
0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
± +-
0 0
NE 0
0 +
0 0
0 0

0 0
0 0
0 +
0 +
0 0
3 14

*Ultrastructural study. NE=not examined.
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formaldehyde and processed to paraffin. The sections
were stained with haematoxylin-erythrosin-saffron
and for the detection of amyloid with Congo red and
thioflavin T. The sections of the 15 first cases were
also stained by the SAB (sodium sulphate alcian blue)
method of Lendrum et al.12 Material was identified
as amyloid only if it showed the characteristic Congo
red apple green colour under polarised light. In a
few cases the Congo red staining was preceded by
potassium permanganate oxidation.13 In one case,
a Congo red positive deposit in the sternoclavicular

A s 6 *(t 2 ,
x:.:9$9:

Fig. 1 Amyloid deposits in fibrocartilage from sterno-
clavicular disc in a 77-year-old make (a) Congo red

stain under unpolarised light. (x 27). Note area of

fibrillation (arrow). (b) Ekectron micrograph. Hap-
hazardly disposed microfibrils infiltrate a bundle of

collagenous fibrils. The ultrastructure is typicalfor

amyloid. (Uranium acetate lead citrate; x 36 000).
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joint was processed for electron microscopy, as
indicated in Table 2.

Results

TOPOGRAPHY AND FORM OF AMYLOID
DEPOSITS
As is shown in Table 2, the organs most frequently
affected were the sternoclavicular joint (39 cases),
the hip joint (18 cases), and the heart (14 cases).

In the sternoclavicular joint the structure almost
exclusively involved was the avascular fibrocarti-
laginous disc. The fibrous capsule was affected in
only 1 case and then in association with the disc.
The main site of deposition was the central part ofthe
disc, in no obvious relationship to the connective
tissue cells, and in areas of fibrillation (Fig. la). In
severe cases the central part of the disc showed
fragmentation (Fig. 2) and it was sometimes
infiltrated by an alcian blue-positive mucoid sub-
stance. The amyloid deposits could be clearly
distinguished from neighbouring minute foci of
brightly eosinophilic and congophilic material that
showed no green birefringence and presumably
represented areas of degenerated ground substance.
In the 1 case where electron microscopy was per-
formed on a diseased disc typical ultrastructural
features of amyloid were observed (Fig. lb). In the
hip joint the amyloid deposits were of microscopic
size and confined to the fasciculated and dense
fibrous tissue ofthe capsule. They had no relationship
with blood vessels (Fig. 3). In 2 out of 18 positive
cases the joint was also affected by arthrosis, and in
1 of these the amyloid deposits were particularly
abundant. However, massive accumulation con-
sistent with a nodular form of so-called amyloid
joint disease was never observed.

In the heart the structure mainly affected was the
myocardium, with an incidence of 12%, and the
interauricular septum as the predominant locali-
sation. In the 50 cases where conductive tissue was
examined it was found to be consistently free of
deposits. Valvular involvement was rare, being noticed
in only 3 out of 86 mitral and 90 aortic valves. In 12
out of 14 cases of cardiac amyloidosis there were
associated amyloid deposits in the hip joint, the
sternoclavicular disc, or both.
Permanganate oxidation of the sections did not

alter the staining reaction of the articular and cardiac
deposits of amyloid. Other localisations were
infrequent. Amyloid was present in the islets of 2
pancreas specimens, in the sigmoid mucosa of only
I case (1 of the patients with generalised amyloidosis),
in the oral mucosa of 3 out of 51 investigated
specimens, and in the brain of 3 out of 36 examined
specimens.
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30 Goffin, Thoua, Potvliege

Fig. 2 Amyloid deposits (arrows)
in an area of severely fragmented
fibrocartilage of the
sternoclavicular disc in a
63-year-old male. (Congo
red x 1]).

Fig. 3 Capsule of the hip joint
in a 74-year-old male. Multiple
anmyloid deposits (ar-rows) are
scattered among bundles of
collagen. (Congo red; x 11).

AMYLOID DEPOSITION AND AGE

As shown in Tables 3 and 4 and Fig. 4, there was a

highly significant correlation between advancing
age and the presence of small amyloid deposits in
articular tissues and mycocardium. They were found
in approximately 1 out of 6 hip joint capsules and in
2 out of 3 sternoclavicular discs in the group of
patients aged from 60 to 79 years, and those pro-

portions rose to respectively 3/5 and 3/4 in patients
over 79 years.

ARTICULAR AMYLOID DEPOSITS AND

ASSOCIATED DISEASES
Only 3 of our patients had a history of rheumato-
logical disease. Two of them were 79-year-old males
with arthrosis of the hip. Microscopic deposits of
amyloid were seen in their hip joints; the sterno-
clavicular disc was examined in 1 of these individuals
and was found to be involved. The myocardium was
spared. One 40-year-old male had a history of
rheumatoid arthritis: no amyloid deposits were
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Microdeposition of amyloid in the joints 31

Table 3 Overall incidence ofamyloid in various organs and tissues, grouped according to age

Age Number positive for amyloid/total number ofpatients examined
(years)

Any Sterno- Hip IAS. Ventr. Heart Pancreas Brain Oral Spleen Liver Kidney Thyroid Colon
organ el. disc heart myoc. valves islets mzc.

0-39 0/11 0/11 0/9 0/11 0/11 0/11 0/11 0/5 0/1 0/11 0/11 0/11 0/11 0/11
40-49 1 + 1*/10 1+ 1*/8 0/10 1*/10 1*/9 0/10 0/10 0/3 1*/7 0/10 0/10 0/10 1*/10 1*/10
50-59 4+1*/13 2/10 1/13 1/12 1+1*/13 1*/13 0/13 0/5 0/9 1*/13 1*/13 1*/12 1*/13 0/13
60-69 9/11 8/10 1/10 2/10 0/11 1/10 0/11 0/5 0/3 0/11 0/11 0/11 0/11 0/11
70-79 14/23 12/21 4/21 3/22 2/23 1/22 0/23 0/9 0/15 0/23 0/23 0/23 0/23 0/23
80-89 17/22 15/21 12/18 3/21 1/22 0/22 2/22 2/8 2/15 0/22 0/22 0/22 0/22 0/21
Over 89 1/1 0/1 0/1 1/1 1/1 0/1 0/1 1/1 0/0 0/1 0/1 0/1 0/1 0/1
Total 46+2*/91 39/82 18/82 11/87 7/90 2+1*/88 2/91 3/36 3/51 1*/91 1*/91 1/90 2*/91 1*/90

*Cases of systemic amyloidosis. IAS=interauricular septum.

Table 4 Relationship of age to presence of amyloid
Organ or tissue Total no. 0-19 yr 20-39 yr. 40-59 yr. 60-79 yr. Over 79 yr. P value

patients A+number A+ number A + number A + number A + number (chi-square)
examined of patients of patients of patients ofpatients of patients

Any organ/tissue 91 0 3 0 8 6 (+ 1*) 23 23 34 20 23 0.001
Heart 91 0 3 0 8 (2+1*) 23 5 34 5 23 0-005
Hip joint capsule 81 0 2 0 7 1 21 5 31 12 20 0.001
Sternoclav. disc 84 0 3 0 8 4 20 20 31 15 22 0.001
Both joints 80 0 2 0 7 0 20 2 31 9 20 0-001

*Systemic amyloidosis. A =amyloid.

a. heart

-I
io 30 50 70

b. hip joint

.
*10 A30

AGE

I
50 70

c. sternoclavicular
disc

10 30 50 70

Fig. 4 Histograms showing the relationshlip of age to the presence of amyloid in (a) heart; (b) hip joint; (c)
slernoclavicular disc. v

discovered at necropsy. Generalised amyloidosis
was present in 2 male patients, aged respectively
53 and 46 years. The former had died from pro-
gressive renal failure due to massive amyloidosis
of the kidneys; the spleen liver, pancreas, thyroid,
and heart were also involved, but the joints were

spared. The latter had a long-standing history of
tuberculosis of the lung and sacroiliac joint followed
by suppurative bronchiectases; amyloid deposits were
found in the thyroid, colon mucosa, tongue, myo-

cardium, and sternoclavicular disc.

Cancer was present in 13 patients whose ages

ranged from 46 to 85 years (median 68). The primary
site was in the bronchus in 3 cases and in 7 others in
the digestive tract. One other patient had a mono-

clonal gammopathy but no overt myeloma was

discovered at necropsy. The incidence of amyloid
deposits in this group was not significantly different
from that observed in all other patients. In the mono-
clonal gammopathy the sternoclavicular disc and the
myocardium were involved.

Eight patients had cirrhosis of the liver. The
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32 Goffin, Thoua, Potvliege

incidence of amyloid deposits differed in no way
from that observed in the general population of our
patients.
Three of our cases had clinically apparent dia-

betes mellitus but none showed amyloidosis of the
pancreatic islets.

Discussion

Our investigation was based on the necropsy findings
recorded in an unselected population of 91 indi-
viduals with a median age of 70 years. Its main
results were the following.
The overall incidence of microdeposits of amy-

loid in the joint tissues reached the surprisingly
high figure of 56%.
The only significant correlation was with age.

The incidence of positive findings rose steadily
from 0% in individuals aged less than 39 years to
22%Y in the group aged from 40 to 59 years and to
77% in the people aged more than 59 years. There
also was a different overall incidence of involvement
between the 2 joints which were systemically
examined. In the hip joint it reached 22% as com-
pared to 47 5% in the sternoclavicular joint. The
difference was entirely due to a greater frequency of
sternoclavicular involvement beneath the age of 79
years.
The presence of amyloid deposits in the myo-

cardium was also systematically investigated. Its
incidence was considerably less, reaching 160%.
However, a comparable correlation with old age was
found. Out of 13 cases with amyloidosis of the
myocardium only 3 had no simultaneous joint
involvement. Among the latter, 1 was an instance
of generalised amyloidosis of the primary type.

In no case had the articular microdeposits of
amyloid been the cause of clinically apparent joint
disease.
The topography of the deposits differed among the

2 joints that were systematically examined. In the
hip the capsule was affected, whereas in the sterno-
clavicular joint the deposits occurred almost exclu-
sively in the disc.
Our findings are complemented by those of

Ravid et al.,'4 who likewise made a necropsy study
of the incidence of amyloid micro-deposits, this time
in internal organs. Their material comprised 391
individuals with no overt generalised amyloidosis,
whose median age approximated 60 years. Localised
deposits were discovered in 18-4% of all cases. The
adenohypophysis headed the list of affected organs
with an incidence of 37.5%, whereas the heart was
involved in only 2 6%. The incidence of amyloid
microdeposition in internal organs also steadily

rose with age, reaching a maximum of 36% beyond
the age of 70. With the notable exception of diabetes
mellitus of late onset, which correlated with pan-
creatic islet amyloidosis, there was no consistent
clinical disease which could be attributed to intra-
visceral microdeposition of amyloid.
The similarities with our own findings are striking

and help to define minor amyloidosis as a very
common and usually asymptomatic feature of
senescence. As regards the nature of the amyloid
protein which is deposited in this condition, its
presence in small amounts and its variable distri-
bution among organs render the chemical identi-
fication difficult. Oxidation by acidified potassium
permanganate prior to Congo red staining was
advocated by Wright et al.13 as a histochemical
tool helpful in distinguishing different forms of
amyloid. The amyloid which is predominantly
composed of protein AA and appears in so-called
secondary amyloidosis seemingly is the only one
which loses Congo red affinity and green dichroism
following permanganate treatment. We applied
this method to some of the positive cases and found
the amyloid deposits to be uniformly permanganate-
resistant. Such negative result is one additional
similarity with the amyloid of so-called senile
cardiac amyloidosis.
One of our findings which deserves special com-

ment is the peculiar topography of the joint deposits.
When amyloid was present in either the hip capsule
or the sternoclavicular disc, it was never seen in
close proximity to blood vessels, synovial surface,
fibrous cells, or chondrocytes. It was deposited
within the ground substance of fibrous and fibro-
cartilaginous tissues, where it was interspersed
with collagen fibres and elastic membranes.

Bywaters and Dorling2 have suggested that a
soluble amyloid precursor may diffuse from the
synovial fluid into the articular cartilage, possibly
along preformed but hitherto unknown pathways.
Such a pathogenetic mechanism seemingly does not
apply to the sternoclavicular joint, where the
amyloid deposits were electivally situated in the
central part of the disc in relation to areas of fibril-
lary transformed cartilage. This observation,
together with the relatively early appearance of
amyloid in the sternoclavicular joint, invites specu-
lation about the pathogenetic role of long-lasting
mechanical stresses. The sternoclavicular joint is
indeed a poorly movable articulation in which
microscopic 'fatigue fractures' could easily arise,
in the same way as they do in tendons. An additional
argument in favour of this view may be found in the
frequent presence of microscopical amyloid deposits
within severely damaged and scarred heart valves."5
Such a hypothesis agrees with the view that
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favourable local conditions are required to trigger
off amyloid precursors conversion and deposition
in the tissues.'6 The exact nature of precursors in the
case of amyloid microdeposits in joints is unknown,
but, according to Glenner and Page, 17 those of the
localised type of amyloidosis, in order to be able to
permeate far beyond the capillary walls, should
be small and monomeric molecules.
To what extent microdeposition of amyloid

impairs joint function of elderly people is difficult
to assess. From the clinical records of our patients,
however, there was nothing to suggest that the
positive cases suffered from any particular rheu-
matologic ailment.
The heart was the second most frequent locali-

sation of minor senile amyloidosis encountered in
our material. The histological appearance and distri-
bution of the deposits are in agreement with those
generally reported.'8-22 The myocardium and endo-
cardium were most frequently involved, in contrast
to the valves, which were rarely affected. The
infiltration was slight to moderate and was in no
case consistent with a restrictive cardiomyopathy
or a massive nodular valulopathy. No deposits were
discovered in 50 investigated sections of the His
bundle, and this result was in accordance with the
report of Rudolfi et al.,2' who showed that the most
striking finding in a group of patients with different
degrees of heart amyloidosis was the relative sparing
of the specialised conduction tissue.

In conclusion, it appears that asymptomatic
amyloid deposition in the joints is not associated
with any pathological condition either generalised
or localised. On the contrary it constitutes an
isolated degenerative phenomenon related to age.
With regard to the so-called 'modern clinical classi-
fication of human amyloid deposits and amy-
loidosis' proposed by Glenner and Page,'7 it should
be introduced in the group of the 'localised depo-
sition of amyloid', since the lesions are present
without the production of easily recognisable clinical
abnormalities.

The authors are indebted to Professor W. Hijmans for
his constructive criticism, to Dr J. J. Vanderhaeghen, who
examined the brain specimens of this series, to Mr V. Van
Cleerhout for his technical assistance, and to Mrs S. Pieters
for typing the manuscript.
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