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A FOREWORD

J. M. Tanner, Professor Emeritus,

University of London

It is a great pleasure for me to introduce, and recommend, this Chinese version of
the Tanner-Whitehouse Skeletal Maturity Assessment system, meticulously presented
by my former postdoctoral student, Professor Ye.

The TW system was developed in the 1950s and 1960s, when Reg Whitehouse and
I were members of a large international team co-ordinating a number of birth-to-maturity
longitudinal growth studies, located in Harpenden (UK), London, Paris, Brussels,
Stockholm and Zurich. Assessing the progress of each child’s skeletal maturity was of
major importance in our consideration of his or her mental and physical performance and
our prediction of final adult state.

We were critical of the then universally used Greulich-Pyle system, not so much for
the description of the stages of the bones, but for the way the system was used, parti-
cularly in the rush of clinical practice. Though Greulich and Pyle themselves advocated
considering each bone of the hand and wrist separately, assigning it a “bone age” and
then taking the median value of all the bones as the overall Bone Age, very few persons
working in the clinical context have ever done this. Since an “Atlas” was presented
showing children with assigned Bone Ages 5,6,7 years and so on, the temptation simply
to match, more or less roughly, the X-ray in hand with one or other of the plates was
just too strong,.

Realizing, too, that we had at our disposal a far greater number of longitudinal runs
of individual children than had Greulich and Pyle, Whitehouse and I and our colleagues
decided to build a system which could not be used in an overall, approximate way; a
system in which each bone was rated individually. Inspection of our longitudinal runs of
individuals led us to set up a series of distinguishable stages (A, B, C etc.) through
which each bone passed in the course of normal development. A Numerical scores for
each stage of each bone were derived from proper mathematical principles, a develop-

ment in which we were aided by our mathematician colleagues Michael Healy and Har-
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vey Goldstein. Then the sums of the scores for each of the two sets of bones (Radius,
Ulna, Short Bones; and Carpal Bones) gave the best overall estimates of Skeletal Matu-
rity Score. Centile norms of the Scores were produced for various populations, so the
Skeletal Maturity of a given child could be assessed, just like Height, as at the 5th,
30th, 60th etc centile for the population. The 50h centile corresponded to the older con-
cept, much liked by clinicians, of a bone ages.

The TW system was piloted for 10 years in the International Childrens’ Centre Lon-
gitudinal Studies, and was finally published in 1976. A second edition, containing revi-
sions, appeared in 1983, and a third in 2001, in which the conversions from the underly-
ing and unchanging Skeletal Maturity Scores to changing Bone Ages, was updated for
the second time, to take account of the effects of economic, social and health changes in
the various world populations. The resulting system was called TW3.

In this edition, a further development was described. From the beginning it seemed
reasonable to suppose that bone stage assessments were something that a computer
should be able to do better than a human operator, and in the late 80s and early 90s we
investigated various ways of doing this. Expert systems proved too complicated to be
practical , but with the help of Robert Gibbons and Darrell Bock, of the University of II-
linois, we found that the methods of classification statistics suited our purpose admira-
bly. We first digitized the radiograph, bone by bone, and then fitted a two-dimensional
64-term Fourier series to the changes in density from point to point, so that the bone
was represented by a set of image coefficients. The Standard, or template, series of ra-
diographs was similarly treated, so each stage, B, C, D etc. had its characteristic set
of coefficients. The coefficients of the given bone were then compared, by computer al-
gorithm, to the coefficients of successive stages B, C, D etc. of the standards. The
great advantage of this Computed-Assisted method, as it is called, over the Manual
method is that it uses a continuous scale rather than a discrete-integer one. In the Manu-
al method, the rater can opt for a match with Stage D, say, rather than C or E, and that
is all. The CASAS (Computer-Assisted Skeletal Assessment Score) method can tell
that though the best match is indeed D, E is a better match than C, so that the true
score is something like D+0. 3. We soon showed that the repeatability of ratings was
considerably better in CASAS than in Manual, and that this was mostly due to the use
of the continuous scale.

CASAS, of course, is not without its problems. To start with, correct computer
assessment depends critically on correct positioning of the hand in the radiograph.
Secondly, the quality of the X-ray is important; finer-grained films are, naturally, more

suitable than coarser-grained. In the most up-to-date departments there is no X-ray film
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at all; a digitized image is generated by the radiographic equipment and passed to the
CASAS computer directly . Lastly, when a bone has an appearance which is outside or
nearly outside the limits defined by the standards, the computer will indicate this, and
provide provision for a Manual rating to be inserted, if that is desired. Pathological
hands, therefore, are not readily dealt with by CASAS. Early and late-developing chil-
dren, of course, are easily rated, and children with familial short stature or Growth
Hormone insufficiency. Most cases of Turner syndrome can also be rated. But the spon-
dylo-epiphyseal dysplasias and other bone disorders are usually rejected.

A Spanish version of the TW system appeared in 1988, and an Italian one in 1990.
Now comes Professor Ye’s Chinese version, which I am sure medical practitioners in the

PRC will welcome wholeheartedly. -
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JLERH (childhood), BJM H A B{&# & B 5E M (from the time of birth to the
completion of bodily development) MJEFH, & AAKIEASMILEEZE BT B (maturation)
Bik®E (development) B, ILEMREFAIBERN—FiEs), HEE (velocity) Fl
PEBE (distance), AIMNH BZE{L. SMAIMER . NAES S E N LABRIC S &, {HERT
HH—F5& (milestones) fER#E#R (indicators), Hlfm, HEHZBAHHBNRE
(skeletal maturity) . P4E (sex characteristics) AT . FHEWIH#H. SERREKE N
febn; SPALHE DR (chronological age) BI4E#E (age) Ff8#r: KNLRESH
M. 1BF . HFERER. HRL, HAKNBRNAT RV RUFRIRE (age
scale) My, MY E#E (bone age, skeletal age), FHEEHFE —FMfEBER (predicted
age) B PIABAERE (the most likely age), HAFRGHTH T TR, W EHXFEA 7 U
EHATFHMETNE, WHELFFE (sexual age), Fif (dental age), HFEFR
(height age), #MZEEFLER (neural age), FHHELEN (mental age), %,

F—1T BREEFLBIEN

Hig, FRZFRMME B EER (age determination by skeleton)™, & & it
WSROI, BE., 0. HEXRW T RBEEETRE, a5 40,
UEIE BB, DL BB T RIXNAEY#FR. M52, UERNEZFTRANER
AR R BER, UEEE. BRRILERE LT NEAER.

—. BRIREXL

EAGEE SRS, LEA—ERHERE. HESE. RBARZAT X AEH 5 s
S BREEHEHLEE, ERVTVE M AEY# B R (a biological scale), PAE FA:Y12-4FE# 0
e, BRHEAETIANREEFHAEY¥ER.

(—) BREAENEEH

BHAGERAREEHRNREERS . BHRAFTABSREN, FROER KT
(body weight) ) 14%, BB 5 S8 (body height) B 97%~98%. Hitt, BHRE
RARREENEE LT .

(Z) BREFEHIRE



FE L B BT

A, FHMERTIE, PERAERBRBKESEL, RMEFAK. B, K
BHEENAETIBRERRAFZ MR .

L KBHEELE EEERRKEOHML, §AERKFET, LR RR
REROKERL. WERKEETER AL, SFEHEET B SR EET P
MEA, WA 11, |

Bm1-1 KENZREIE
LB 2 Ao 3 BEKE 4 SBhEEw
5. BEBMBEAR 6. BT 7. #EKHR

1) KEEFHBEOEL: PREALEH, ERGAEROEHR, WHE R
(periosteal bone collar); HBtH B, £ RIEHBHR (primary spongy bone), M
BUBR & B A ORI % B4k H 0> (primary ossification center) , BAAEE N . AR
B, RET (bone stem) ELRKTANKL; [ & PB4k 07 i 1o 76 o )l » fEETA
Wi s JELRG B A BT R TR RO AR 4 4T T A BT, TE A Rl (bone marrow
cavity) BAKIAEKASTE, MHAKEE T, HIETMEBRERN LT %K.

(2) WBETFHESEOE: WE 1-2, B Regt, ERFERENE, BE LR
B R RO G B, Sk R B AP O BR BB ALl (secondary ossification
center) . 4K % HEB AL b O AR BE 18] DU JEL RS, A RJBIA B AR, M B (epiphysis),
B T s DR T L A . R RIS, BRSBTS U E R SO AR AR A T T A W
Mo, ARERREER . EEHSETIRR P MRS, W Cepi-
physeal plate) B4 KAR (growth plate), Ak E i Ul i T RS MU A B H » (L ARE S
AR LT A R, KK KB A% & X (reserve zone) , HFHX (prolifera-
tive zone) . FELEAIX (maturation zone), JB4LX (degeneration zone) LA % BB X (bone
deposition zone), FLHHCEAIMEIL X B A S ERFTHES, 87 X KA EERAN—BH
M MEEIL T (preparatory calcification zone) . RRHRAS Wi ALH » fii KB R B
Wik, EREHSTRmES, MBS (closure of the epiphysis), BT BB
B SR EEEAE, KERAERK, KENETTR. KEWRAA B K TEHEIA
g, Heb e KIEER I — S R K (growth end) . A KU T AR B LA KT
JoNER BT, B, AKRERLE R, SeE MR R, &= 0P N o = )
R HNHEH AR BREKE) R A KR AR B A KRR 2 i3,
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4 5H 40 M

i F 48 i

F T R

12 KETHHEN XEESR () MEKERBRER R)

2. ENAEERE EENEBAOUREKEE T LHTH. TEHER RS I
f, BEARERKEHE T, HERSARERFRMEFSHEMU. UWEKRBETFEH &L, 7
WHEFRE, RZAEEUESIE GO, EBEEHEKXIE R EE (core of bone).
BEAK K, FRKEEFOARYER, YrEEEEd G EREN, NEHARE
Blgk@ A, HIERE, RERNEE, E2NBHS, (MHEXTHREE T 2
HEHE, WA (periosteum), ,

MERKBERET, B—BNREEAREEEZAKN, EREEEFEANRN
R BL. FMBRESIFE, B XEH LRI —EMIESR, KRZH BB E
(maturity determinations B, maturity indicators), F|fHBWrE, BEETRIEELETRN
BrB, NEFTHRERERHEE.

(=) BRAENEE

ANEBREARFANBEHERELE, BEAFNAMHEEARNEHEATHE.
PO EBEE., BREMHE. BHRMAHEE, #HERBE#HATHHE
BE .

L B i Bt APUBCE A, RIEEA . SNERESEA TR,

(D FEERMEEAFOHEIEE . WE -1, EILERARN, BEEMEStdhosH
EREBEZE BBMAE 2SWMUEKE. W (limb girdles) . 2%, #8. B, Bt
B, MR, BB, BE; MRHIKESTRE . HEhrs. rEm,

(2) dkRMEBAboR B BIE] . WE 1-2, PORECE R4 &M B .o —BRERTFEL
BWHAE I, AR A —. R, WERCE TR B P LR B (the
distal epiphysis of femur) R 7EJLERIA KT HBL (present at birth) , Ji&-B i v i) 4k & 1
BB R (the proximal epiphysis of tibia) XKZWAER AR B (Ld 2 AHE
JLEY 2/3)08)
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