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Abstract: Sunlight BonAgeTMUltrasonic 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.( ) 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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5~18 ŷ =  X1  X2
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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 BonAgeTMUltrasonic 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.( ) 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 
BonAgeTM (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[4-8].

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 BonAgeTM 

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[10]. 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 BonAge1.0 Sunlight BonAgeTM devices 
made by Sunlight Ltd Co, Israel. The radiographing is operating by professionals who 
have the work experience for more than 10 years. BonAge1.0 Sunlight BonAgeTM 

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  to 30 . 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[11].

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 BonAgeTM skeletal age device, we have 

144



3

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 SE. 

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 BonAgeTM ultrasonic device 
                                      BA automatics 

                   r=0.90

G-P Atlas

                           ?
CHN Method  CHN automatics

?
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 

sos platform 
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                                               ** p<0.0001 

We establish the duality regression equation model ( =b0+b1X1+b2X2)on the 
basis that the SOSmax and distance should be the independent variables while the 

CHN method be the dependent variable, and b0 is constant in equation, b1 b2 is 

regression coefficient of X1 X2 respectively,  X1 represents the SOSmax and X2

represents the distance (see table 3). 

Table 3 Regression equation of SOSmax distance and CHN method 

Gender b0 b1

(SOSmax)
b2

(Distance)
R F value p Sy 

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: =b0+b1X1+b2X2

(male, children and adolescents between the ages of 5 years and 18 years) 
=-36.87+0.0194X1+0.2615X2

(female, children and adolescents between the ages of 5 years and 18 years) 
=-42.643+0.0254X1+0.1987X2

(total, children and adolescents between the ages of 5 years and 18 years) 
=-40.961+0.0221X1+0.2364X2

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 

 (yr) 
CHN 
(yr) 

BA 
(yr) 

substitute 
(yr) 

Gender
CA 

 (yr) 
CHN 
(yr) 

BA 
(yr) 

substitute 
(yr) 

Woman1 5 5.9 6.9 7.0 Man1 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 

 9.50 10.55 10.65 10.28  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 34.30 CV% 53.36 51.72 62.82 43.54 

Discussion 
Sunlight BonAgeTM 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 to 0.93 p<0.001 [12].

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[13] 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 [6]. It 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 BonAgeTM 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. 

References 
[1]Huang Youcai, Liu Youguang etc,. The Establishment of the Skeletal Age Counting 

Model, the Transaction of Wu Han Mapping Science and Technology University, 

P246~250, Volume 20, the Third Issue,[J].1995 

[2]Lu Qingyou, Wu Yueshong, The Artificial Intelligence Expert System and its 

practical use in the field of the orthopaedics, the Chinese Corrective Surgery 

Magazine, P141~143, Volume 13, the Second Issue, [J].2005 

[3]Luo Jiayan, Lin Zhu and other writers, the Computer System of Testing the 

Skeletal Age of the Wrist Bone, the Chinese Oral Medicine Magazine, the Six Issue, 

[J].1998

[4]Castriota-Scanderbeg A, De Micheli V. Ultrasound of femoral head cartilage: a 

new method of assessing bone age. Skeletal Radiol. [J]. 1995 Apr;24(3):197~200 

[5]Wagner UA, Diedrich V, Schmitt O. Determination of skeletal maturity by 

ultrasound: a preliminary report. Skeletal Radiol. 1995 Aug;24(6):417~20.comment to 

148



7

Skeletal Radiol. [J].1996 Feb;25(2):142. 

[6]Castriota-Scanderbeg A, Sacco MC, Emberti-Gialloreti L, Fraracci L. Skeletal age 

assessment in children and young adults: comparison between a newly developed 

sonographic method and conventional methods. Skeletal Radiol. [J].1998 

May;27(5):271~7. 

[7]Bilgili Y, Hizel S, Kara SA, Sanli C, Erdal HH, Altinok D. Accuracy of skeletal age 

assessment in children from birth to 6 years of age with the ultrasonographic version 

of the Greulich-Pyle atlas. [J]. Ultrasound Med. 2003 Jul;22(7):683~90. 

[8]Mentzel HJ, Vilser C, Eulenstein M, Schwartz T, Vogt S, Bottcher J, Yaniv I, Tsoref 

L, Kauf E, Kaiser WA. Assessment of skeletal age at the wrist in children with a new 

ultrasound device. Pediatr Radiol. [J]. 2005 Apr;35(4):429~433. Epub 

[9]Greulich WW, Pyle SI, Radiographic Atlas of Skeletal Development of the Hand 

and Wrist, 2nd ed. Stanford California, Stanford University Press,1959 

[10] Zhang Shaoyan as editor in chief, The Evaluation Criterion and Practical Usage 

for the Chinese bone maturity, the People Sports Press, [M].p11~13 1995 

[11]The Operating Pamphlet of Sunlight BonAgeTM device, 2003, Sunlight Medical 

Ltd., Israel 

[12]Hans-J. Mentzel, Claudia Vilser, Marcus Eulenstein, Tseela Schwartz Susanna 

Vogt, Joachim Böttcher, Irit Yaniv.,et al, Assessment of skeletal age in children with a 

new ultrasound device at the wrist. Pediatric Radiology [J]2005.(4):429-433 

[13]Sunlight Omni sense 7000p---8000p Bone Meter User Guide Software Version2.4 

DUM0050 Rev 01, 2003 

149


