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hyaluronic acid. At the same time they become more firmly
associated with the collagen fibrils.9 The elasticity, viscosity,
and water binding capacity of the ground substance decrease.
The proportion of water drops from 900 in childhood to 800°l
and later 7000 in old age. Interestingly, in mature rabbits the
administration of androgen, oestrogen, or growth hormone
reverses the aging changes in the keratan-to-chondroitin-
sulphate ratio.'0

Examination of fragments of nucleus pulposus removed at
operation for acute lumbar disc protrusions shows changes
similar to but much greater than those seen in normal aging.'
The decrease in mucopolysaccharide and increase in collagen
are most pronounced in material removed from patients with
a long history of pain, though in these discs the chemical
changes do not reflect the patient's age: they are much less
hydrophilic than normal and more readily yield up water
when subjected to pressure. These changes impair the ability
of the nucleus to resist and redistribute any superimposed
load. Greater and abnormally directed stresses are then
imposed on the annulus fibrosus, leading to its eventual
mechanical failure. Perhaps all lumbar disc protrusions are
preceded by this type of chemical change. For a fuller under-
standing of how such degeneration first develops we depend
on more painstaking and elegant work by our tissue bio-
chemists.
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Statistical errors
The rise and fall of medical theories have often been a source
of amusement to the laity and of amazement to doctors of a
later generation looking back on what their predecessors did.
How is it possible, people ask, that patients could have been
treated in this way or that when the treatment later proved to
be valueless or at best no more efficacious than an older
remedy ? Similar questions are asked about the supposed causes
of disease, the nature of pathological lesions, the effect of
preventive measures, and the interpretation of laboratory tests.
One reason why mistaken ideas gain currency is discussed this
week in a paper by Miss Sheila Gore, Dr I G Jones, and Dr
E C Rytter at page 85. The unfortunate fact is that erroneous
conclusions are drawn from fallaciously observed data
published in respectable journals and uncritically accepted.

But before readers become censorious of authors for making
errors, and of editors for disseminating them, they would do
well to reflect that the man who never published anything
may have been right, but he did not really try to add to the
sum of human knowledge by exposing his ideas to public
criticism. Moreover, the errors discussed by Miss Gore and
her colleagues are not all of equal gravity, as they themselves
point out. They concentrated on the statistical description and
analysis of data in 62 papers published in the BMJ from
January to March 1976. These were the residue from 77
articles after 15 containing no statistical analysis had been
removed. Of these 62 papers, they found that 32 had statistical

errors of various kinds. Some were errors of omission, some of
commission, and on the whole the authors found that the
former were less heinous than the latter. They state their view
in the present tense as though it were a general rule-"Errors
of omission are less serious." But this can hardly be so if
mistaken conclusions of practical importance are drawn from
a comparison from which proper statistical treatment would
extract a different result.

Perhaps the errors of commission that need to be guarded
against most carefully are counting the same data twice as
though they were independent and counting separate data as
independent when in fact they are not. Though baldly stating
these errors makes them seem easy to avoid, in practice they
can arise in circumstances that are somewhat deceptive to the
investigator. Consequently special vigilance for them is well
worth cultivating. Another important type of error in making
a comparison between sets of data obtained from patients is
failure to follow a random method of selection into the groups
to be compared. All sorts of ethical and clinical obstacles can
impair a truly random selection of seriously ill people, so that
there are times when statistical perfection has to give way to
the judgment of the doctor in charge of the patient. The
investigation may not be invalidated in those circumstances,
but the final analysis needs to take them fully into account.
Furthermore, the process of random selection does not
necessarily produce validly comparable samples though it will
be expected to do so on the average. Whether it has succeeded
or not is something the investigator should examine and explain
to his readers.
As well as unquestionable errors a variety of debatable

choices lie in wait to ensnare the investigator. For instance,
many statistical tests depend for their validity on the assump-
tion that the data on which they are performed follow a normal
(Gaussian) distribution more or less closely. But how closely ?
No observations made in practice yield data that follow it
exactly, though it is possible to test the extent to which an
observed distribution differs from the theoretical. In practice
the investigator more often uses his judgment. When dealing
with such problems statisticians, by a process familiar enough
in the medical profession, can start from the same set of facts
but reach different opinions from them. In other words,
statistics is a science that requires the exercise of judgment as
well as of technical skill.
That too little of both has entered into some papers must be

the lesson of Miss Gore and her colleagues' study. They
suggest as "one practical solution" that investigators should
consult medical statisticians. Though the advice is unexcep-
tionable it may not be so practical as it seems, for statisticians,
and especially medical statisticians, are often not to be found
outside the larger centres with the time, special experience,
and interest to devote to clinical investigations. An alternative
or preferably complementary approach is that elementary
instruction in statistical methods should form part of the
undergraduate curriculum starting in the preclinical years. It
could be coupled with much more thorough instruction than is
commonly given on how to make and record exact observations,
the process showing the variability as well as the value of
successive results obtained over a short and a long time. If this
teaching is accompanied by instruction in elementary statistical
methods the student will gain insight into the meaning of
clinical judgment as well as of scientific observation. He may
still need the help of a statistician later on in a piece of formal
research, but if he has a grounding in the subject he will
understand better when expert help is needed, how it should
be sought, and what it can offer.
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