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1. £1RREIS Tanner 51 197549 H

Preface to the
First Edition

'I'hr of skeletal ity ('Bone Age’) has an important plice in the
practice of pacdiatrics, especially In relation (o endocrinological problems and
growth disorders. I is frequently useful in diagnosis (for cxample of short children with
growth delay) and in i in such endocrinopathics as hypothyroidism
and ital adrenal hyperplasia, and it is | in any (perh isguided)
attempls @t treating short children by giving anabolic steroids. It also serves in the
sthool years as the basis for the prediction of adult height and it is on this basis (and
not by ex-cathedra assertions) that young people with an unusual but not pathological
degree of growth delay may be rationally reassured as Lo their normality and future, It

also has its uses in the public health sphere, for i of skeletal ity
b ples of pop reveal degrees of environmental disadvantage perhaps
more finely eved than growth velocities:

Concerning the general notion of physiological maturity Franz Boas of Berlin and
Columbia University was the pioneer (Tanner, 1981 p. 235). It was he who invented the
phrase tempo of growth and first clarified, at the end of the last century, the great dif-
fi b hildren in atcof ing. His notions were applied 1o the develop-
ment of the bones soon after Roemigen discovered how to make radiographs, but the
first practical guide for the cliniclan was the atlas of the hand and wrist made by T,
Wingate Todd (1937) of Western Reserve University. Cleveland. Iis successor, the atlas
of Greulich and Pyle (1959), is still in everyday use. Nancy Bayley, of the University ol
California, first placed the prediction of adult height on a firm basis and her system
(Bayley and Pinneau, 1952) is also still used.

In 1962 Tanner, Whitchouse and Healy produced a new method for assessing skeletal
maturity (TW 1), believed to be more flexible and deriving from a more solid mathemat-
feal base. In it each bone of the hand and wrist was classified separately into one of
eight or nine stages, 1o which scores were assigned. These scores were summed 10 give
the skeletal maturity. The present system (TW2) is a revised version of this and super-
sedes it. Users of the earlier system should note that we have not changed the charac-
teristics of the stages (though we have eliminated a number which were difficult 1o rate
correctly). Thus radiographs rated by TW 1 do not need rerating. They do, however, need
rescoring, since we have changed the scores attached to each stage. and differentiated
between the sexes. The reasons for this will be found in the text. The new system pro-
vides separate maturities for the carpal bones; and for the radius, ulna and short bones
(metacarpals and phalanges) the laticr called RUS. We have found the RUS maturity
preferable for many purposes including prediction of adult height, as well as simpler 1o
score. The same standardizing groups of children as before have been used, that is, some
3000 normal British boys and girls. Twelve years' experience by investigators in all parts
of the world has shown that this system of hone stages is a universal one, applicabile 10
all populations, though of course the mieans of the maturity scores at given ages vary
from one group to another, just a5 do the means. for height.

We wish to thank many of our pacdiatric and anthropological colleagues for helpful
data and di ions, particularly Dr Elsa And Dr Charles Brook, Mr No#| Cameron,
Dr B. S. Carter, Dr Phyllis Eveleth, Professor Andrea Prader and Dr C. Rodrigues. Both
TW1 and TW2 systems were issued in draft form by the International Children's Centre
in Paris for discussion and testing by members of the Coordinated Longitudinal Growth
Teams active since 1953 in Brussels, Dakar, London, Paris, Stockholm and Zurich, ang
others interested. We wish 1o acknowledge the great help that these discussions, orgap.
ized by the lite Dr Nathalie Masse and Dr Frank Falkner, gave us in developing our
muuﬂm.\ﬂuuupmhnyvmﬂlmDrPd«hm!ormMmlndtﬁnhgu*m
and to Mr Peter Hughes for help in their revision, as well as to Miss Janet Baines for her
sensitive organization of the Growth Disorder Clinic and her preparation of the many.-
mhmmmmezmnwln&MEhmwm
understanding advice, We have been aided over the years by granis from the Medical
Research Council, the Nufficld Foundation and the Dep of Health and Socal
Security.

s London
K. H. WHITEHOUSE September 1975
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PREFACE TO THE REVISED EDITION

The TW2 skeletal maturity system seems to be making its way in the world, and the
original edition has been exhausted. In addition my colleagues and I have recently
brought out a revision of our method of predicting adult height, with equations based on a
sample of children which includes very tall, very short and very delayed patients as well as
themmalboysandgnrkmdmsamguptheeqnmmﬂnime&mu('rmmut
al., 1983). The prediction equations given in this revised edition are thus completely
new, and we think more accurate t!mn those given in 1975, whlch we now regard as
obsolete.

The skeletal maturity section of the bookuunchanged in essentials, though a:perme
of teaching the system made us conscious of ambiguities in some of the descriptions.
These we have tried to remove, largely through the help of Dr Noél Cameron, now an

additional author. We have also thoroughly updated the book as regards the increasing
bong age literature.

Once again we wish to thank Mrs Janet Baines Preece for her skillful runining of the
Growth Disorder Clinic and her help in revising the manuseript. We wish to thank also
Mr Michael Donmall and Dr Yelitza Cardona for helpful comments on the TW2 ratings,
Dr Kyle Landt, Dr Barry Carter and Mr Jashvant Patel for help with the calculation of
the new equations, and Miss Susan Barrett for typing the new manuscript.

7. M. TANNER London
October 1983
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Preface to the
Third Edition

I tis nearly twenty years since the second edition of this book was published, and the
secular trend in many countries towards more rapid maturation, together with
methodological and conceptual advances, have made this third edition somewhat
overdue. \

Considerable changes have been made, to the extent that the system described here is
now termed TW3, replacing the old TW2. Importantly, however, we have altered nothing
in the description and manual rating of the stages of the hones. Thus the RUS scores
and the Carpal scores are exactly the same in TW3 as in TW2. The 20-bone score,
though, has been abalished, on the grounds that this mixture of RUS and Carpal scores
had little to commend it.

The reference values and charts for RUS have been changed, taking account of recent
data from North America (from 9 years upwards) as well as from Europe. The conversion
to Bone Age thus also changes, and TW3 Bone Ages are about a year ahead of TW2
Bone Ages from ages 10 or 11 years upwards; they are less different at carlier ages.

The prediction system for adult height has heen changed so that the equations are
now based directly on RUS scores, instead of on Bone Ages. This seems to us more
logical, in that the scores are invariant from population to population, whereas the Bone
Ages are dependent on circumstances, We have also changed the population on which
the equations are based, now using, with our new and highly welcome collaborators, the
children of the First Zurich Longitudinal Growth Study. This study includes parental
heights, so we have been able to examine whether, and at what ages, these heights
should be incorporated in the predictions. i

One day, we presume, all RUS scoring will be done by computer, and we have a
chapter describing computer-assisted skeletal age scoring (CASAS), a system introduced,
with the help of Robert Gibbons. in the 1990s. This system is gradually coming into
general clinical use and is in the process of being refined.

We have been extraordinarily fortunate in having ready help with data and comment
from a number of friends. Besides Luciano Molinari and his Zurich collaborators, we
have had data contributed by Lodovico Benso and Silvia Vannelli from Turin, Giorgio
Aicardi and Marina Vignolo from Genoa, Kumi Ashizawa from Tokyo, and John Buckler
from Leeds. We thank them profusely, and we thank, too, Gunilla Tanner for her
indispensable help at all stages of the manuscript preparation.

J. M. TANNER March 2000
M. I. R. HEALY

H. GOLDSTEIN

N. CAMERON
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