
Letters to the Editor
Localization, structure and
atomar composition of calcifi-
cations in temporal arteries
Sirs,
We read with interest the article on calcifi-
cation of the elastic membrane in temporal
arteries (1). Since we recently performed
similar investigations, we want to commu-
nicate briefly some of our findings that sup-
port and expand these observations. More-
over, we want to restrict the interpretation
of Nordborg et al. (1).
We investigated 92 biopsies of non-arteritic
temporal arteries from 61 females and 31
males. In alizarin red-S stained paraffin sec-
tions the localization and amount of calcifi-
c ations we re estimated and the minera l
component was characterized by ultrastruc-
tural investigations and X-ray microanaly-
sis.
Table I exhibits that calcifi c ations we re
absent in 26% females and 19% males. Pre-
dominantly focal or diffuse granular media-
calcinosis, not mentioned by Nordborg et
al. (1), was observed. In its diffuse form this
calcification is characterized by tiny alizar-
in red granules distributed throughout the
muscular wall (Fig. 1 a,b), as formerly des-
cribed by Fritsch (2). Transmission electron
microscopically they represent calcospher-
ites,often composed of irregular small crys-
tals arranged in concentric laminae compa-
rable to Liesegang rings (Fig. 1c); roundish
c a l c o s p h e rites of diffe rent size are seen
with the scanning electron microscope (Fig.
1d). By X-ray microanalysis the granules
consist preferentially of calcium and phos-
phorus with a Ca-P-ratio of 1.6. Further-
more, they are characterized by an unusual
high content of magnesium (5.6 at o m % )
indicating a composition of Whitlockite (3).
With increasing age these granules are more
often associated with the internal elastic
membrane (Table I): aggregates of alizarin
red granules conceal this membrane (Fig.
1a). In older individuals lumps of calcifica-
tions are present in this region (Fig. 1b). By

scanning electron micro s c o py we fo u n d
that these sheets are composed of aggregat-
ed calcospherites, as they appear isolated in
the media (Fig. 1e). These solid calcifica-
tions exhibit a calcium and phosphorus con-
tent similar to the medial granules; howev-
er, they contain lower magnesium values of
about 1.5 atom% which near ly corresponds
to the composition of bone minerals (4).
Mediacalcification imitating Mönckeberg’s
disease was encountered in 2 biopsies, thus
supporting its rarity as described by Castillo
et al. (5). From Table I no obvious differ-
ences between calcifications in females and
males can be deduced; neve rtheless it
should be mentioned that Fritsch (2) des-
c ribed minera l i z ation in the eighth and

ninth decade more often in females than in
males; however, in the seventh males pre-
dominated.
We conclude that granular mediacalcinosis
of the temporal art e ries corresponds to
mediacalcification as it occurs in aortas (6)
and femoral arteries (7). It is supposed that
the development of calcospherites in these
m i n e ra l i z ations is due to calcifi c ation of
remnants of necrotic or apoptotic cells (6,
8) as recently discussed for the calcification
of arteriosclerotic plaques (9). In the tem-
poral arteries there is a tendency of granular
accumulations near the elastic membrane -
if “dying” cells are more often present in
this region than in other zones remains un-
known. As in arteriosclerotic plaques (8)
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Table I. Summary of the results of the morphological investigations on alizarin red S stained sections of 92 temporal arteries (expressed as % unless other-
wise indicated).

Number 4 2 11 3 10 4 11 6 8 7 13 8 4 1 61 31

Lumps inside the tunica media 13 14 1.6 3.2
(“Mönckeberg-like") 

Lumps associated with the internal 10 25 71 38 75 11 5
elastic membrane 

Granular calcinosis associated with 55 33 70 75 72 33 38 86 77 75 100 100 62 61
the internal elastic membrane

Focal or diffuse granular mediacalcinosis 25 100 55 66 80 75 81 50 63 100 92 88 100 100 73 81
No calcification 75 45 33 20 25 18 50 38 8 13 26 19

Gender and age classes (years) F M F M F M F M F M F M F M F M
50-54 55-59 60-64 65-69 70-74 75-79 > 80 Total

Fig. 1. Calcification of temporal arteries. (a) Granular mediacalcinosis (M) and accumulation of calci-
fied granules at the elastic membrane (arrows; alizarin red S staining, 160x); (b) granular mediacalci-
nosis (M) and granular as well as beginning sheet-like calcification around the elastic membrane
(arrows; alizarin red S staining, 160x); (c) calcospherites of the media exhibiting Liesegang rings
(transmission electron microscopy, 14000x). (d) calcospherites of different size in the connective tissue
of the media (scanning electron microscopy, 14000x); (e) sheet-like calcification (S) consisting of cal-
c o s p h e rites and calcospherites in the connective tissue of the neighborhood (scanning electro n
microscopy, 14000x).
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and Mönckeberg’s disease (7) calcospher-
ites are precursors of calcified lumps, even-
tually supported by the secondary appear-
ance of bone-like apatite indicating a bipha-
sic calcification process. Thus, it may be
summarized that the calcification in tempo-
ral arteries does not differ from the same
p rocess occurring in blood vessels not pro n e
to the development of vasculitis. Therefore,
we assume that the appearance of two dif-
ferent age-related tissue alterations – calci -
fication on the one hand, arteritis on the
other hand – does not necessary implicate a
causal relationship.

W. MOHR, Prof. Dr. med.
Prof. Dr. med. Winfried Mohr, Department 
of Pathology, University of Ulm, Albert-
Einstein-Allee 11, D-89081 Ulm, Germany.
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Reply 
Sirs,
We have read the letter from Professor Win-
fried Mohr concerning our paper with the
title “ C a l c i fi c ation of the internal elastic
membrane in temporal arteries: its relation
to age and gender” which was published in
Clinical and Experimental Rheumat o l ogy
2001; 19: 565-8. We do not agree with Pro-
fessor Mohr’s conclusion that calcification

of the internal elastic membrane (IEM) and
giant cell arteritis (GCA) are not causally
related.
Firstly, we have presented ample light- and
electron microscopical evidence that, in the
c o u rse of the infl a m m at o ry process in
GCA, foreign-body giant cells do attack,
engulf and degrade IEM calcifications in
temporal arteries. These giant cells express
H L A - D R , and IL-2R-ex p ressing ly m p h o-
cytes gather around them and may be found
in pockets on the giant cell surface (1-5).
Furthermore, morphological evidence indi -
cates that this occurs in the initial phase of
the inflammatory process (1). We are well
aware of the fact that,using special staining
methods, finely dispersed calcification may
be found also in the media of tempora l
arteries. However, the assessment of such
media calcification was beyond the scope of
the present investigation, since the foreign-
body giant cell reaction was constantly, and
without exception, directed at IEM calcifi-
cations.
Secondly, although more common in cra-
nial arteries, GCA is a generalized inflam-
m at o ry disorder wh i ch may affect any
medium-size or large artery in the body. As
vascular pat h o l ogist and rheumat o l ogi s t ,
repectively, we do see GCA not only in
temporal arteries but also in the aorta and
other arteries. Thus, we recently examined a
case in wh i ch the fe m o ral art e ries we re
a ffe c t e d, causing vascular stenosis and
threatening bilateral gangrene of the lower
extremities. IEM calcification and foreign-
body giant cell reaction was noticed at the
border between media and intima. In the
aorta, the inflammatory reaction in GCA is
directed at calcified, atrophic lesions within
the media. We did not have the opportunity
to do electron microscopy on aortic tissue,
but light-micro s c o p i c a l ly the gra nu l o m a-
tous and foreign-body giant-cell reaction is
found at the margins of such at ro p h i c
lesions, in which there is loss of smooth-
muscle cells, loss of undulation of the elas-
tic lamellae and heavy calcifi c ation (6).
Thus, also the morphology of giant cell aor-
titis, indicates the pathogenetic relationship
between calcification and GCA.
The similarities in terms of age and sex dis-
tribution between the temporal IEM calcifi-
cations and GCA do support our previous
m o rp h o l ogical observation that calcifi c a-
tion of elastic membranes, be it in temporal
arteries, the aorta or elsewhere, is involved
in the pathogenesis of GCA.

C. NORDBORG, MD
E. NORDBORG, MD
Address correspondence to: Claes Nordborg,
Head of Vascular Pathology and Neuropath-
ology, Sahlgrenska University Hospital,
S-413 45, Göteborg, Sweden.
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The central role of actinically 
degenerate elastic tissue 
Sirs,
We thoroughly enjoyed the article “Calcifi-
cation of the internal elastic membrane in
temporal artieries: Its relation to age and
gender” by C. Nordborg, E. Nordborg, V.
Petursdottir and I.M. Fyhr. Their emphasis
on the internal elastic membrane or lamina
(IEM) in temporal artieries as being a target
for the inflammatory process in giant cell
arteritis (GCA) is a proposition with which
we would agree. We are not so convinced
t h at calcifi c ation is necessary and wo u l d
regard it as coincidental to the cause.
In several articles (1-4) John O’Brien and I
have drawn attention to the central position
of the IEM in the pathology of GCA,postu-
lating that degenerate elastic tissue due to
e l a s t o s i s / e l a s t o lysis is the prime antigen with
flow-on consequences to the elastic laminae
of arteries elsewhere. We further postulated
that actinic radiation over a lifetime acting
upon the elastic laminae of superficial ves-
sels such as the temporal arteries is a signif-
icant, if not the prime cause of this elastic
tissue damage leading to GCA in those pre-
disposed. Like the authors we do not dis-
pute age, sex, racial or hereditary factors,
but we wholeheartedly agree that the IEM
is the prime target.
Elastic tissue can be difficult to investigate.
The interest of cosmetic firms is engaged in
relation to wrinkling and respiratory physi-
cians also have an interest, but we are not
aware of many basic studies on elastic tis-
sue and its autoimmune potential with flow-


