B AFIE{E (SOSmax ) 5 CHN BRI HHRE

FE : Sunlight BonAge™ BEBRNEBIRNMIEZTVEFHBELBERAN ,
R T 5 BonAge ( Sun-BA ) BXHEFIRE ( SOS )\ ¥EE ( Distance ) EFARS

—_

o MRIESE , ZRAFEME ( SOSmax ) 5 Sun-BA BRSE M (r=0.88~0.90 %
AHEREABRERNZ LEM TS E B E/A CHN BERIFE |, f§% SOSmax
ZHRFRARSHEFRRNBFEBRNFS , CHN EZB#RBE SOSmax GEMEX ,
BVEFEBURM Chinese BonAge BEBB THXMERME 7 AT, AIKFER
B 1752 Bl NEKIE |, B CHN EiEfR |, 3RE CHN BR{EE SOSmax Z[HHYHE
Xt REEBRERWEEFEXE, —aHENAXMES K BEMtEF  ER%

BURRREE,

X813 : SOSmax E CHN %X #MXERH BEHAE

The Relativity Research for the value of SOSmax and CHN Skeletal Age

Shanghai Research Institute of Sports Science
Mr.Shen Xun-zhang, Mr.Jiang Zhen-ying, Mr. Cai Guang
Abstract: Sunlight BonA geTMUltrasonic device may measure automatically youngsters’ wrist bone
maturity, at the same time, it may provide BonAge (Sun-BA ) technical parameter with sos and
distance concerned. The research lately makes sure that there was a highly relativity between
SOSmax and BonAge.(r=0.88~0.90) CHN method is spread to use widely in sports competition and

talent selection in our country, If there is a highly relativity between CHN method and SOSmax
which will be possibility to become a switch platform not only to set up Chinese BonAge model but
also to build other model on the platform. The article has probed into its relativity by measured data
to obtain duality regression equation The precision of the regression equation is quiet good and the

substitute of effect is much ideal.
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BREFR (MNER ) EMHEZ. WKREZ., AERNE, AEFIWIE
JTREEIA, BRI AMNZXARBFHRE X KFNFERTNBEREFIR, N
HAEEME - N SHENERE  ELRKA , ERETAREFHHENIRE
R X AN AGHES  NHRNER, ERAETSEEEZHNAF
BEN/LAEEREECHN —EHERARFREERO B CHEOHR XH

FEANABFRARRETERAENRN L HREE AT LU % X LS R0

XAUBEIMEN B EREHIERREEER , NI TE X KiEH XA
EGETRNEMIRE,

B il &% BRBRANBE BRMUEE R EFIAEH Sunlight BonAge™ B 5 B ik
o WABEUERT, B, XE. HGERPEF - LERTHHELHIRASER
MA., EXAEEBRFREAR , EEk. REZHENNRINY , TERBEIHZEK
& ( SOSmax ) BEE ( Distance ) EHEBF ST RYIM B HAERR , HiT
MIREMRBMEREZH G-P B2 1FMrEER £,

AT G-P BEFRANEL RMKE 1930s EEBXBAMNREZ X P L/
ERENBAAILEY  AFZEANNEHEE R , G-P BIEIVETRTESEAT
hEJLEBXFIFM , M Sunlight BonAge™ BE BRI Z2EME G-P RILER
t, FRABATRE I MEE |, ~EHMIRE, CHN FERKTEFERTE
PEHEBREHAIAMBLN TN AL , Attt G-P BiEEZEMERTHEED
FI)ILEBRWITN, RFRN B WETEL SOSmax H Distance EBFEH RS
BE CHN FABRzENEFEREFER , LENPEERN B3{LiTN.

2.1 R

ZRERE EBHHILE. PNFE. PENREZE  FREES~18BSY , #
1752 AR HF B 856 & , X 859 B, ZHAESHREER , HIREMNE
MR D WERR, HE X XA BHEEREE 15 X2W , B—RATRER X
KA MEE R ENNE,

2.2 EW{UER

30 BR X KBRYL 1 & ; LLBF] Sunlight AT 4EFH BonAgel.0 Sunlight
BonAge™ B 2 A, X XIFHHE 10 FUETHELBME I A RIRYE |, Sunlight
BonAge™ Bk HAZN TN RIBE , BEZRTE 1000 XL,
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2.3 ML F=E
231 X &R HESHELFHRENVR . HRERERXREFRFHERA.
2.3.2 Sunlight BonAge™ & #& 4 iz,

WHHE : EREFREMAXNMEERE 15°C~30°C13 ZH, WiRET , HERIE
ER , RAREREREBTF , ENTFRREERLINES AL, WAIES , F
BT , FERETEHTEARS, BRXNELHIT 5~6 NAHY , REAKRE
1ANEAE , SNEAHBFRLEESRA 22X, WESHE, REZTIHTFKEW sos
B, BREEE—NEAPNEXZE/ETT—AH , RE 5~6¢ MNEAH , TR, 2
M ERFFER 3 DEHER, B BNER S N E MR & AKFIRE SOSmax )\
BEE ( Distance ), A ( Pressure ). BE ( Thickness ) XK ( Wave ) ES% ,
NBRRFEFER (Sun-BA ), MBS , —IX SOSmax BEUAKRSZI KA
Distance HZEIE"",

3. BiESA

JEX Sunlight BonAge™ B#R{FI#E, REERFHN B ERKR#T A 5K
M E , FREUZEBZAY SOSmax, Distance, Pressure, Thickness &2 Wave & 5 N
RS, FN , BRUBEXERARSHBTHHRE SR ( Sun-BA ) X XEHR
KIEFEANB KB ( CHN method ) EHIEH, EAMBEHREI CHN EBER
NEZEE , LA SOSmax, Distance N BEZEE , B CHN ZHEEERWEIHER,
ERBFENERYE  p<0.05 , ERRUEHXRI R MFRIFAEE S RITE,

RB LB PMEERTIKBARLE RKRA |, Sun-BA BRES SOSmax EUSE

X HREE (1) 0.91~0.96 SEE ( p<0.01 ); Sun-BA BRRESEEHREMREX ,

MXEE (r) 7 0.55~0.78 ZI8 ( p<0.01 ) HLk , EARMHRH , LUEFE B RN
HERHP LW SOSmax EABFBRAENEARFEAR(E 1), 7FE CHN E8BF
Bk B LHIRREH R,

Sunlight BonAge™ 58 — X8 75 B #8 X
[jm—
(

ﬁ Sun-BA B FE B
)
G-P L

sos Ba{LFE &

r=0.90
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= , ﬂ

CHN =2 CHN BFE B

1 BFRESERCEANXRE

AHFFEH CHN ZE# 5 SOSmax . Distance X RN TR 2. MERF AL
CHN ZEB# 5 SOSmax . Distance 2l E B S ERHEK M,

£ 1 CHN =885 SOSmax . Distance #HXRH &

A SOSmax Distance
4 51
(N) MRBE (r) | HRERE (r)
) 856 0.89** 0.85**
iz 895 0.88** 0.75**
BLEeH | 1752 0.87** 0.77**

% p<0.0001

LA CHN B NEREE , &R KFIEE ( SOSmax ). BEE ( Distance ) NEEE ,
BIYZxERAFRBTENMER ( p=b+ b1 X1+ X ), HREHFH by N EEIA , by,

b, BN Y X Xi. Xo BWEIARE , X, 8 SOSmax , Xo HEEE ,( AFK3 )

2 SOSmax, ¥EEE CHN EBREMNEIFSE

by b,

2] b R F value S
0 ( SOSmax ) | ( Distance ) Ve P Y

£ -36.87** 0.0194** 0.2615™* | 0.8508** | 2431.7** | 0.0001 1.46
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Z | -42.634** | 0.0254** 0.1987** | 0.7978™* | 1759.7** | 0.0001 1.61

EAE | -40.961** | 0.0221** 0.2364** | 0.8211** | 4011.5™* | 0.0001 1.55

% p<0.0001
BIFARIT : p=be+ b X;+ bX,

(Bs5~18FIEEFELVHF ) 7=-36.87+0.0194 X,+0.2615 X,
P =-42.634+0.0254 X;+0.1987 X,

(Z5~18FIEFLHF)

(BrIJLEEMH) )=-40.961+0.0221 X,+0.2364 X,

sk, BEHLHEN T BRZILER 4 ARTHEERR  HPREATFRETHIL
E2 AN, EEHMEBERBREZ 1A ERERRE , R TR 3,

®3 MAFRANERREMR (£ %)

M3 | £TEFR (CHN BiR| BA B | BB | 43 | £7EFEE [CHN BiR| BA Bk | ERER

Z 1 5% 59% 6.9 704 | 51 5% 6.0 % 34 % 6.4 %

72 6 % 7.7% 797% 83% | B2 6 % 6.1% 6.5 % 8.37%

zZ3| 1% 113% | 113% | 1074 | 53| 13% 138% | 139% | 132 %

Z4| 16 % 173% | 165% | 1514 | 54| 16% 17 % 174% | 173%

9.50 10.55 10.65 10.28 x 9.50 10.73 10.30 11.30

=

SD 5.07 5.03 4.33 3.56 SD 5.07 5.55 6.47 4.92

CV%| 53.36 47.68 40.66 3430 |CV%| 53.36 51.72 62.82 43.54

51318

Sunlight BonAge™ B FE—REFBRMN , EEXES. Bavit. BTN
EHR. UBFBRMNIREKNWBENHIREAR (US-BA ) REMFFRITMHENK
RBrO, EEBFRAFLHRREFEHRAARN X XER ¥, B,
MEASHFERFEFEIEETEV>EN BRI RREBEXLT , EARERER., &
HRAEMENFHFEEERNTHZEER., AR , EEEFRNBREFF=E
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(SOSmax ) SBREBEHEN . ASXMEHER B BREN=£EM Sun-BA
BRES GP Bz RHNBEREFEESEMEXYE , HEXRE r 9%
0.81~0.93 ( p<0.001 ) [1%,

eI |, BER Sun-BA BiRE G-P BRRMHEXELKES , M SOSmax £
Sun-BA BiR¥IEFRE—NEENEMEE BUEIHIHRERIFIAR SOS 54

KREHNXREY  sos B R NEEBEERBRENTRMALENE , Bit

EERIEEFRARTELHIREPESHN SOSmax EEKREMNER T HENE
REE ,TUEREL CHN BEEREENEFINREIEHCERNER S
RIFN RS,

EIREWL RIESE , CHN EBIRS SOSmax FHERSHMEXY , Br=088,
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St RERMA T SOSmax M Distance TR FFRHIESEPFERMEENHEAR

BIEFEFH SOSmax, Distance BEES CHN EZER , AAREIL T 5~18

FIIEBFLFN-—a@AEE, B, MARAFNIHIREEHRT TRITRE

BLBENERRESD BIHR r=0.8501 , 0.7978 ( p<0.001 ), R IEUFBAE IH HEHR
BREE FERRKRIFEERE (p<0.001), HATHFEUTEHEEAZ L

S, EXEALSENEEENREEEETRE. B BT XE5Y ZH
PRRTEFEENEBXR , FILAET X BEXTEERBIRE Y B , REEET
ERFRRE Y W) fitE. 3 X BEHEEN, Y WXNEFR—EREF=L) , mA
BEAE)ELTEERS , XHEIREERSHN , b EBRYIENTILEREGR
W6]le AARUETEEAFENTNEE (Sy ) MERMAENEEME. £FiE
MWBELZSyERFN 1465 HM161% , BERA , MEZFEN Sy BELLEFEK ;
HX, ATRIEEAFENREESATITERHRBOIREZE SbE , SbEM)
KA bWEHEEM/D , HHARABLSENRES BT,
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The Relative Research of the value of SOSmax and CHN Method

Shanghai Research Institute of Sports Science (Shanghai 200030, CHN)
Mr.Shen Xun-zhang; Mr. Cai Guang

Abstract: Sunlight BonA geTMUZZFasonic device may measure automatically youngsters’
radio-ulna bone maturity, at the same time, it may provide BonAge( Sun-BA ) technical parameter
with sos and distance concerned. The research lately makes sure that there was a highly relativity
between SOSmax and Sun-BA.(r=0.88~0.90) CHN method is spread to use widely in sports

competition and talent selection in our country, If there is a highly relativity between CHN method
and SOSmax that will be possibility to become a switch platform not only to set up Chinese
BonAge model but also to build other model on the platform. The article has probed into its
relativity by measured data to obtain duality regression equation The precision of the regression

equation is quiet good and the substitute of effect is much ideal.

Key word: Value of SOSmax, CHN method, correlation coefficient, duality regression equation

The Skeletal Age (BA for short) is now widely used in the preventive medicine,
clinic medicine, sports science, judicial departments and other fields. This way of
testing has been developed for more than 100 years and it comes to its maturity.
However, due to the subjective mistakes made by interpreting the X-ray radiographs
barely by eyes and the radiation brought by taking the X-ray, the pollution to the
environment, many scholars at home and abroad are now trying to using the geometry
information of the wrist bones or other new technologies to launch the researches on
the automatic assessment of the skeletal age[1'3]. Among these new technologies there
is the way of testing the bone maturity through the ultrasonic technology. This kind of
technology can avoid the eradicative injuries brought by the X-ray, it can also identify
the skeletal age by the automatic assessment system so that it can get rid of the
subjective mistakes made by interpreting the visual images on the radiographs.

Nowadays the much mature ultrasonic skeletal age device is the Sunlight
BonAge™ (Sunlight Medical Ltd. Co. Israel). This device has been introduced and
put into practice in Israel, Germany, United States, Korea, China and some other
countries. It adopts the quantitative ultrasonic technology and chooses the far end of
the radio-ulna bone as the testing part. It judges the maturity of the bone mainly
according to the ultrasonic parameters such as SOSmax, Distance and so on. Its
criterion is still on the basic of the classic G-P Atlas criterion™™,

However the G-P Atlas criterion is based on the white children of the middle and
high social classes in Cofu-land, Ohio, the United States of 1930s, so many domestic
contrastive researches show that the G-P Atlas criterion is completely unsuitable for
the bone development evaluation of Chinese children. Yet Sunlight BonAge™
ultrasonic skeletal age device is based on the G-P Atlas, so it is possible that it may
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confront such problems that may lead to wrong judgments. The CHN method is the
criterion set up on the basis of the teenagers’ bone development samples in the
Chinese cities, so it is more suitable than the G-P Atlas for the evaluation of the
skeletal age of Chinese teenagers[w]. The aim of this research is to establish a
regressive mode between the CHN method skeletal age and the ultrasonic technical
parameters such as SOSmax and distance so that the mode can adapt to the automatic
evaluation of Chinese skeletal age.

Methods

Subjects and procedure
The subjects were from kindergartens, elementary schools. middle schools and

universities in Shanghai, all of whom were between the ages of 5 years and 18 years.
The total samples were 1752 people who were consisted by 856 boys (48.9%) and
859 girls (51.1%). Subjects were healthy who excluded any distinct endocrine
diseases. The dates of radiographs were fixed within 15 days before or after their
birthdays, and they finished the radiographs and the tests of ultrasonic bone age in one
day.

One 30 mA X-ray skeletal age device; two BonAgel.0 Sunlight BonAge™ devices
made by Sunlight Ltd Co, Israel. The radiographing is operating by professionals who
have the work experience for more than 10 years. BonAgel.0 Sunlight BonAge™
device operated by technicians who were trained and have the operating experience of
more than 1,000 times.

The X-ray radiographing: radiograph the testee’s left wrist from the front. The
requirements and conditions are the same as those of the radiographs of the wrist
skeletal age.

The Testing Environment: the indoor temperature should be constantly between the

range of 15°C to 30°C. Before the test, adjust the device first, and then choose the

non-advantageous hand to be fixed at the highest point of the prominent part of the
radio-ulna bone. During the measurement, the wrist should be in horizontal level and
the forearm should be straight and not move any more. Each test will last 5 or 6
periods, the longest one can last 11 periods. The ultrasonic probe will rise by 2 mm
every period to test the sos datas for the epiphysis cartilage of the far end of the
radio-ulna bones. The operator will click the next period after finishing the previous
period. The test will be completed after repeating 5 or 6 periods. The whole test will
take about 3 minutes. At the same time the computer will show some parameters such
as SOSmax, distance, pressure, thickness, wave and others of 5 different fault planes.
The device only keep the datas such as Sun-BA, the forecasting stature, one SOSmax
and the corresponding distance and so on'".

Datas Analysis
Through the a group of 5 times testing to the epiphysis cartilage growing plunk of the
far end of the radio-ulna bone by the Sunlight BonAge™ skeletal age device, we have
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5 technical parameters of the part such as SOSmax, distance, pressure, thickness and
wave. At the same time the BonAge device will automatically judge the Sun-BA
according to these technical parameters. The X-ray skeletal age is judged by the CHN
method. In this research the CHN skeletal age will be taken as the dependent variable
while SOSmax and distance as the independent variables in order to establish a
regressive mode of CHN ultrasonic skeletal age. The validity of the regression

equation( p < 0.05), its result is evaluated by the duality correlation coefficient R and

the surplus std. deviation Sg,

Results

The results of pre-experiment and the end research all showed that Sun-BA and
SOSmax were highly related, correlative coefficient (r) was 0.91-0.96 (P<0.01); the
relation between BA and distance was of middle level (r=0.55-0.78, P<0.01). So in
this research we take the SOSmax, produced by ultrasonic technique, as the platform
of ultrasonic Sun-BA research (see fig.1) and launch the research of automatic
assessment system for the CHN ultrasonic device.

Sunlight BonAge™ ultrasonic device

HD:> BA automatics

(1=0.90 )

sos platform

= ,

CHN Method CHN automatics

I e &

other Chinese Method Chinese automatics
Fig. 1 The relational map between SOSmax platform and skeletal age

The test found that the correlative coefficient of CHN method and SOSmax is
high (see table 2).

Table 2 Correlative coefficient of SOSmax and CHN skeletal age

Gender | Amounts (n) | Correlative coefficient (r) p
Male 856 0.890 0.0001

Female 895 0.878 0.0001
Total 1752 0.869 0.0001
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*% p<0.0001

We establish the duality regression equation model (§=by+b;X;+b,X;)on the
basis that the SOSmax and distance should be the independent variables while the

CHN method be the dependent variable, and by is constant in equation, by, b; is

regression coefficient of X;, X, respectively, X; represents the SOSmax and X,

represents the distance (see table 3).

Table 3 Regression equation of SOSmax, distance and CHN method

Gender bo b; b, R F value p Sy
(SOSmax) | (Distance)
Male -36.87**% | 0.0194** | 0.2615** | 0.8508** | 2431.7** | 0.0001 1.46
Female | -42.643** | 0.0254** | 0.1987** | 0.7978** | 1759.7** | 0.0001 1.61
Total -40.961%* | 0.0221** | 0.2364** | 0.8211** | 4011.5** | 0.0001 1.55
**P<0.0001

Regression equation as follows: §=by+b;X;+b,X;
(male, children and adolescents between the ages of 5 years and 18 years)
§=-36.87+0.0194X,+0.2615X,
(female, children and adolescents between the ages of 5 years and 18 years)
9=-42.643+0.0254X,+0.1987X,
(total, children and adolescents between the ages of 5 years and 18 years)
y=-40.961+0.0221X,+0.2364X,

Besides, we randomly select 4 men and women respectively for comparative test
to do substitutable equation. There were 2 children, adolescents and adults was 1

respectively. The results of substitution were as follows (see table 4).

Table 4 Effect of substitutable test of regression equations (years)

Gender CA CHN BA | substitute Gender CA CHN BA substitute
(yr) (yr) (yr) (yr) (yr) (yr) (yr) (yr)
Womanl 5 5.9 6.9 7.0 Manl 5 6.0 3.4 6.4
Woman2 6 7.7 7.9 8.3 Man2 6 6.1 6.5 8.3
Woman3 11 11.3 11.3 10.7 Man3 13 13.8 13.9 13.2
Woman4 16 17.3 16.5 15.1 Man4 16 17 17.4 17.3
X 9.50 10.55 | 10.65 10.28 X 9.50 10.73 10.30 11.30
SD 5.07 5.03 433 3.56 SD 5.07 5.55 6.47 4.92
CV% 53.36 47.68 | 40.66 34.30 CV% 53.36 51.72 62.82 43.54

Discussion

Sunlight BonAge™ is the first ultrasonic device for bone age test, which has so
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many advantages as lack of ionizing, automation. immediate estimation and so on.

Because US-BA, which represented by ultrasonic device for bone age test is the
heading of assessment of biological ages, the automatic assessment system would
substitute the conventional radiographs system. Hence, it is necessary to research and
develop an automatic assessment system for skeletal age test adapting to children and
adolescents in our country. And it would have a large market space in sports
competition and talent selection and so on. The important factors for skeletal age test

are technologic parameters by quantitative ultrasound test, such as SOS, distance and

pressure and so on. And the relation between SOSmax and skeletal age is the highest
among them. Many documents showed that the relation between Sun-BA value by
ultrasonic device and G-P atlas is high. And its correlation coefficient is in the range

of 0.81 t0 0.93 ( p<0.001 ) 1'%,

The research shows that since the correlation coefficient between the value of
Sun-BA and the G-P, and SOSmax is an important factor in the Sun-BA skeletal age
assessment, and the research papers of Israel also showed that SOS is closely related
to the growth!"*! for the data of the SOS gradually increasing with the degree of the
bone growth, so it is reasonable to take the SOSmax which produced from the
diagnosis of ultrasonic technique as the switch platform of various skeletal ages, and
it can be the ultrasonic assessment system of setting up the CHN ultrasonic skeletal
age model or other models.

The research verified that the relation of CHN value and SOSmax was high. The

male, r = 0.88, the female, r = 0.88, and in total, r=0.869, (p<0.0001). Besides, we did

the correlation statistics between the distance of the radio-ulna and the CHN method.
The results showed that they were also highly related, the male r=0.85, the female,
r=0.75, and in total, r=0.77, (p<0.0001). All these statistics showed that SOSmax
and distance were two important technical parameters in the process of ultrasonic
skeletal age assessment.

According to the independent variables as SOSmax, distance of different ages
and the CHN skeletal age, we set up a duality regressive model of the youngsters from
5 to 18 in this research. Meanwhile, we count and examine all kinds of coefficients of
the equation itself. Each coefficient of equation was tested (p<0.001). Male and
female’s correlative coefficient of equation was 0.8501, 0.7978 (r) respectively. It
showed that the effects of regression equation and F value test was obvious, and
suggested that the equation was reliable and had practical significance.

Besides, we verified the accuracy and the stability of the regression equation.
First of all, because the relation of X and Y was not simple function one, it could not
request Y value accurately by got X value, we could only request ¥ value that is
reckoned value of Y through the equation. When the X value was same, the fact was
that the Y value might be just not the § value, and it was possible to fluctuate with .
And that’s normal distribution is related with professional demands 61 1t could get the
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accuracy of equation after computed its forecasted accuracy. This equation’s Sy was
1.46 years and 1.61 years respectively that appeared little high, and Sy of the female’s
equation was larger than that of the male. Secondly, it was necessary to compute the
std. Deviation (Sb) for checking the stability of regression equation. It showed that the
less the Sb was, the less the extent of fluctuation of b was, which explained that the
stability of regression equation is higher.

It could be seen from table 5 that the average, SD and CV% of the substitutable

group were all smaller than that of Sun-BA or CHN method, as well as the extent of
fluctuation except a boy who was 6 years old. As a result, it could conclude that the
substitutable equations got the demands basically. Certainly, it should do more
research to verify in later practices.

Conclusion

The ultrasonic technique provided the parameters, such as SOS of medium
epiphysis. Research of ultrasound BonAge™ found that the relation of SOSmax and
skeletal age was high, the correlative coefficient of Sun-BA and G-P value was 0.94
(p<0.0001), and the correlative coefficient of Sun-BA and CHN value was 0.869
(p<0.0001). Thus, the platform of SOSmax is the fundament for building BonAge
system, meanwhile, there is a reason for establishing platform with automatic
assessment system for skeletal age test adapting to children and adolescents in china

(the ultrasonic automatic assessment system bases on CHN method). The relation,

accuracy and stability of regression equation of SOSmax and CHN method,
established by this research, were high. So its effect of substitution was very well.
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