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facilities, and personnel? Why should some
children have it and not others? Who is going
to draw up guidelines?

I agree that if, during the wait and see
period, the child develops further injury
while in a place of safety, or overt features
of osteogenesis imperfecta, then the diagnosis
of osteogenesis imperfecta, real and not
temporary, must be strongly considered. If,
during this period, a diagnosis of osteogenesis
imperfecta becomes clear, a great injustice has
been done to that family. This is the dilemma
for paediatricians and radiologists. If, however,
no further fractures occur, then this is
traditionally regarded as further evidence that
the initial injury was NAI. What is the
likelihood of this happening in true osteo-
genesis imperfecta or the disputed temporary
brittle bone disease?
The article has highlighted many issues but

leaves us with many unanswered questions.
HELEN CARTY

Department ofRadiology,
Royal Liverpool Children's Hospital NHS Trust,

Alder Hey,
Eaton Road,

Liverpool L12 2AP
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Author's response
I am grateful to Dr Helen Carty for her wise
comments on my article, and I am glad of the
opportunity to reply to them.

First I wish to point out that since I was
invited to write an editorial and not a review, the
length of my contribution, including the
references, was strictly limited. However, I did
find space to refer to Byers comprehensive
reviews,1 2 which deal with collagen as well as
osteogenesis imperfecta and together contain
592 references, and for those with less mental

stamina, a recent discussion on the phenotype
and genotype in osteogenesis imperfecta.3

I agree with Dr Carty that we await a
definitive article in the general paediatric
literature - presumably this has not been
requested - and I also agree that within
paediatrics the general knowledge about
current concepts in osteogenesis imperfecta is
very varied. One reason may be that in the last
two decades most advance in osteogenesis
imperfecta has not been made by paedia-
tricians, and is therefore not fully appreciated
by them. Dr Carty wants a definitive article,
broadly referenced from several sources. In
addition to references 1 to 3, I would suggest
to her references 4 to 9.
Dr Carty's question about the frequency of

the gene for abnormal collagen in osteogenesis
imperfecta exposes a misinterpretation of the
biochemical data. The multicentre linkage
study of Dr Sykes and his colleagues showed
that in all families studied, the disease was
linked to a mutation either in the gene for the
alpha 1 chain of type I collagen, that is,
COLIAl or in the gene for the alpha 2 chain
COLIA2,10 and this has been widely con-
firmed, except in an unusual black South
African population.1' However, the constant
association of type I collagen gene mutations
with osteogenesis imperfecta established using
restriction fragment length polymorphisms
does not mean that these specific mutations
can always be identified. With increasing
knowledge and technique, it is possible to
show that the collagen produced by fibroblasts
in osteogenesis imperfecta is abnormal either
in quality or quantity or both, in up to 85% of
cases. This does not imply that the remaining
15% do not have a collagen mutation; it
merely means that we cannot detect these
mutations by available methods. One aim of
current research is to develop methods to
identify such mutations rapidly and correctly
without the need to sequence the whole
collagen gene, a prohibitively expensive and
tedious procedure.

I am sorry that I have not referenced the
statement that normal people have normal
collagen. I erroneously considered this to be
self evident. When we and others began to look
at dermal collagen in osteogenesis imperfecta
more than two decades ago,12-14 we did of
course look at normal (control) subjects with
no evidence of connective tissue disorders, and
it was against this background that the changes
in osteogenesis imperfecta were first identified.
Since then, many hundreds of fibroblast
cultures from phenotypically normal people
have been established, and their collagen
synthesis analysed. Such fibroblast lines are
always used as controls for the study of
collagen mutations and the type and quality of
collagen produced by them is well established.
I do not know of any accounts of clearly
abnormal type I collagen in phenotypically
normal persons.
Dr Carty would like to know more about

the genetics of osteogenesis imperfecta.
Unravelling this has not been easy; luckily
the main points are reviewed by Sykes who
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emphasises the importance of germline and
somatic cell mosaicism.15

There is great uncertainty about the
frequency of type IV osteogenesis imperfecta.
With time and experience the original Sillence
classification has been modified. Byers has
raised the possibility that type IV osteogenesis
imperfecta is more common than previously
thoughtl 2; and in a recent German series of
approximately 200 children and adolescents,
one third were classified as type IV and many
had no family history, which implies that they
were examples of new gene mutations. I did
not refer to Paterson or Taitz on this and agree
with Dr Carty we should take a broader view of
osteogenesis imperfecta. I do not regard
Taitz's calculations on new mutations as a
standard referencel6; but rather as a quick
calculation - not necessarily exact - to express
the agreed fact that the likelihood of fractures
in a phenotypically normal infant being due to
osteogenesis imperfecta is very small.

Concerning the type of fracture that may
occur in osteogenesis imperfecta, Dr Carty is
on firmer ground than biochemistry. We all are
indebted to her for her valuable publications
on this, and of course I bow to her personal
experience. We are not concerned here with
fractures in severe osteogenesis imperfecta,
and I am sure that this is fully understood.
What we are concerned about is how
specific the fractures are in mild osteogenesis
imperfecta. She quotes her clinical experience
in support of these statements, and there
is certainly no need to question that. My
own experience of numerous patients with
osteogenesis imperfecta, seen personally and
followed for up to two decades or so is largely
in agreement. However, it does make me
more cautious in saying that there are some
fractures which do not - that is, never - occur
in osteogenesis imperfecta. Dr Carty suggests
that where clinical signs of osteogenesis
imperfecta are present, or where there is an
appropriate family history, a wrong diagnosis
should not occur. Yet we all know, and I
am sure that she agrees, that this misdiagnosis
does occur, and further that it can be persisted
in by medical as well as non-medical
people, despite compelling evidence to the
contrary.
We now come on to the question of

temporary brittle bone disease. I agree with her
that the paper by Paterson and his colleagues
requires cautious consideration. 17 She quite
rightly points out that in fig 1 of Paterson's
article the metaphyseal fracture is not the
corner fracture ofNAI, and agrees that this can
occur in osteogenesis imperfecta or in the
normal toddler. I was more impressed by
fig 2, which showed the multiple healing rib
fractures in a 3 month old girl said to have
occurred mainly in the hospital. I have stated
in my editorial that the question of copper
deficiency remains wide open. I am of course
well aware of Shaw's contribution to the
literature on copper deficiency, and I have
referred to it.

Finally, what to do with a child in whom the
diagnosis of NAI is contested? I agree with

Dr Carty that there is no speedy solution. I also
agree that the number of infants in whom the
diagnosis is not clinically obvious must be
very small; but there is the caveat to which I
have referred, and which requires repetition,
that even in these days clinically obvious
osteogenesis imperfecta can be missed, and
that even when the diagnosis is established, the
parents of such infants are subjected to
repeated interrogation with each new fracture
by uninformed or ignorant persons.

Fibroblast culture requires a skin biopsy,
and should not be done universally. Each
case must be judged individually. In many
infants the diagnosis of NAI or osteogenesis
imperfecta is so obvious that it does not
require further investigation. There are,
however, situations where the fractures are
truly inexplicable, or where there are
suggestions of a connective tissue disorder,
such as for instance mild hypermobility,
dubiously blue sclerae, or clues from the family
history, where the discovery of a collagen gene
mutation could settle the question outright. In
this respect, I think more attention should be
paid to the observations of Gahagan and
Rimsza,'8 to which I referred. On the practical
side, it is clear that the appropriate collagen
analysis needs to be properly funded through
a research laboratory and the expense
sanctioned by the courts.

Finally, Dr Carty points out that my article
has highlighted many issues and this was my
intention. Given more time and space, I hope
that we shall be able between us to find
some constructive answers to the outstanding
questions in this small but contentious corner
of paediatrics.

I hope that some ofthese replies to Dr Carty's
comments also deal with those of
Dr Wynne and Dr Hobbs, and I am equally
grateful to them for their opinion. I have given
my view about Taitz's calculation and our
ignorance about so-called type IV osteogenesis
imperfecta. With regard to collagen biochem-
istry, no one would suggest that study of
collagen synthesis from a fibroblast culture
would diagnose NAI, but a clear abnormality in
type I collagen synthesised by fibroblasts very
strongly suggests osteogenesis imperfecta, and is
not in any sense a normal finding. I would be
interested to know the basis of their statement
that adults with collagen abnormality do not
necessarily have a past history of fracture. Are
they referring to patients with osteogenesis
imperfecta in whom the diagnosis was only
made for the first time in the postmenopausal
years; or is it possible that they are considering
mutations in a form of collagen other than
type I, which of course is a very different
story? With regard to fractures, I am of course
aware that wormian bones are common in mild
osteogenesis imperfecta, and indeed they are
diagnostically invaluable when they are present.
I have stated my views of temporary brittle
bones, and I have referred to Shaw's review.
To return to the question of collagen

analysis, since this seems to cause most
difficulty. The facts are clear and I have stated
them. Their application in practice is difficult
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and I have explained why. The relationship
between genotype (mutation) and phenotype
is complex, and I have recently reviewed
that.3 I would like to see much more interest
from paediatricians in osteogenesis imperfecta
than has previously been forthcoming. Finally
I have pointed out that the advances in
osteogenesis imperfecta, as in many diseases,
will come from those who have experience of it
independent of their specialist label.
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