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ABOUT THE AUTHORS AND THE MUSCULOSKELETAL DIVISION OF THE GEORGE INSTITUTE FOR GLOBAL HEALTH 

This submission has been prepared by Dr Carolyn Broderick, Dr Damien McKay, Dr Nicholas Henschke, and A/Professor Jane Latimer who are members of the Musculoskeletal Division of The George Institute for Global Health.

The Musculoskeletal Division within The George Institute for Global Health comprises over 40 staff including Senior NHMRC and ARC research fellows, post-doctoral fellows, PhD students and support staff. The George Institute for Global Health (the Institute) is a not-for-profit research institute that aims to improve the health of millions of people worldwide through research, policy development and training. It currently employs about 300 people worldwide in four offices in Sydney, India, China and the United Kingdom. In each country the Institute is affiliated with a major University, e.g. in Australia with the University of Sydney and in the UK with Oxford University. The Institute undertakes large, complex and methodologically sound clinical and population-based research and since its establishment 11 years ago has developed a global reputation for the quality of its research. The focus of the Institute is on translational research and research that impacts policy, practice and guidelines. In 2011 The George Institute for Global Health was recognised by SCImago as the organisation whose publications have had the greatest worldwide impact. It was ranked number one among over 3,000 research institutions around the world for its scientific impact, while no other Australian institution ranked in the top 50. The Institute’s research is specifically designed to provide key decision makers with robust and high quality evidence with which to make decisions.  

OUR EXPERIENCE WITH THE ASSESSMENT OF BIOLOGICAL AGE AND CHRONOLOGICAL AGE IN YOUNG PEOPLE 

In 2009, two of the authors of this submission (Dr Broderick and Dr McKay) were invited to participate in an International Olympic Committee consensus meeting on age determination in high-level young athletes. This meeting brought together some of the top paediatric sports physicians in the world to discuss issues around current methods to determine chronological age in young athletes. The resulting Consensus Statement was published in the British Journal of Sports Medicine (2010 44: 476-484). 
Through the Musculoskeletal Division of the Institute, the authors of this submission collaborate on a number of original research projects which aim to improve the musculoskeletal health and wellbeing of young people. These include studies of weight and age classification in youth sport; investigation of the relationship between skeletal maturity and injury risk; and the diagnosis and treatment of musculoskeletal conditions in children and adolescents.
SUMMARY OF RECOMMENDATIONS

· Caution should be exercised when using methods of biological age assessment to determine chronological age in adolescents. The range of biological ages within a given chronological age group can exceed 2 years.
· A comprehensive systematic literature review is required to bring together published research that has evaluated methods to estimate chronological age. 

· High quality research studies are needed where existing methods of age assessment can be compared in rigorous designs and predictive algorithms that may improve the accuracy of age assessment can be developed and tested.
· There is an urgent need for the development and use of relevant reference databases to which children of different ethnicities can be compared when interpreting age assessment.

INTRODUCTION

The current submission is relevant to the first three Terms of Reference for the Inquiry, namely, those dealing with the assessment of the ages of individuals of concern:

a) assessments of the ages of the individuals of concern made by or on behalf of the Commonwealth for immigration purposes, including by any ‘officer’ as defined by section 5 of the Migration Act 1958 (Cth); 

b) assessments of the ages of the individuals of concern during the course of the investigations of the people smuggling or related offences of which they were suspected; 

c) assessments of the ages of the individuals of concern for the purpose of decisions concerning the prosecution of the people smuggling or related offences of which they were suspected
The use of appropriate methods for determining age is necessary in legal, medical, and sporting contexts. Development of accurate methods applicable to young people not only ensures that the rights of a child are protected, but it also ensures that the health and safety of children and adolescents is considered. The major challenge for age determination is that while age is a linear factor, growth and maturation are not. The onset and rate of growth and maturation varies widely between individuals and consequently the maturational status of children of the same age differs. Therefore, using physical signs of maturity such as pubertal development or skeletal age to determine chronological age brings significant challenges.

Puberty is the defining process in the transition from childhood to adulthood. Many different factors are known to influence the timing of puberty and many others remain unknown. Delays in pubertal development may be related to genetic causes, nutritional status, or pathology. Early puberty may also be due to genetic predisposition or endogenous hormone imbalance. In boys, the normal age range for the beginning of the adolescent growth spurt can range from 10.5 to 16.0 years, with completion of growth between 13.5 and 17.5 years. Similarly, for girls, the age of onset of the adolescent growth spurt can range from 9.5 years to 14.5 years and still be considered within the normal range1.

Assessment of skeletal age is frequently used in the evaluation of growth and puberty in children in the adolescent age range. The most commonly used standards for skeletal maturity (the Greulich and Pyle method) indicate that final adult height is achieved at an age of 17 years2. However, there is no clear correspondence with chronological age due to the variability in pubertal development and hormone exposure. Children who reach physical maturity early may have a skeletal age that is several years advanced from their chronological age, with comparable delay seen in those with late maturation. The variability in skeletal age at the onset of puberty together with the wide variation in the timing of pubertal development makes the assessment of skeletal age useful for purposes of diagnosis and treatment, but less useful for the determination of chronological age.

ASSESSMENT OF BIOLOGICAL AGE TO DETERMINE CHRONOLOGICAL AGE

Skeletal age is thought to be the most accurate method of assessing biological maturity3. The method is based upon assessment of changes in the developing skeleton associated with maturation. At the end of each immature bone there is an ossification centre (epiphysis) with an adherent growth plate (physis) perpendicular to the long axis of the bone. The cartilage cells of the physis multiply and transform with mineralisation and new bone is produced, which contributes to growth. At the end of skeletal maturity the epiphysis will fuse to the rest of the bone and the physis disappears. The timing of epiphysial ossification and fusion of bones does not happen uniformly across the body. In some bones ossification starts directly after birth, in other bones between 14 and 17 years of age. The time period for epiphysial fusion and closure of the physis also varies; between 10 and 25 years of age, and in girls approximately 2 years earlier than boys. 

SKELETAL AGE ASSESSMENT
Wrist x-rays

The three most frequently used methods to assess skeletal maturity are the Greulich–Pyle (GP)2, the Tanner–Whitehouse (TW2, TW3)4,5 and the Fels method6; all based on radiographs of the left hand and the wrist. Radiographic assessments are influenced by variations in ethnicity and living conditions (nutrition, diseases). The GP method was derived from the examination of 1000 upper-middle class children born in the 1930s and living in Cleveland, Ohio. The TW2 method is based on 2700 British lower and middle class children born in the 1950s and early 1960s. The GP children matured more rapidly compared to the TW2 children, giving a difference of 9 months from the age of 6 years. In order to compensate for ethnic variations, the TW3 reference population was updated and based on children from Great Britain, Belgium, Italy, Spain, Argentina, USA (Texas) and Japan. 

The major advantage of methods based upon radiographs of the hand and the wrist is that they require a minimal amount of time and have demonstrated sufficient reproducibility. The disadvantage is that they entail the use of ionising radiation. Another limitation of using x-rays for the assessment of chronological age is the observed variation in skeletal maturity of as much as 2 years for both boys and girls. This together with the later onset of puberty in boys as compared to girls results in a potential difference between the most skeletally immature boy and the most skeletally mature girl of as much as 4 years for a given chronological age. 

Magnetic resonance imaging (MRI)

The clinical use of MRI in the assessment of growth plate maturity is currently limited. There are some preliminary studies using MRI for the assessment of the extension of the growth plate8; specific closure patterns of the normal physis around joints9 and physial arrest10; however, at present none of these methods is widely used.

MRI assessment of the growth plate for age determination has been investigated by the Fédération Internationale de Football Association – Medical Assessment Research Center (F-MARC)11. In an international under-17 (U17) football tournament, MRI was used to estimate the age of healthy adolescent football players, based on the degree of fusion of the left distal radial physis. The rationale behind this study was the requirement for a non-invasive technique, free of radiation risk, to ascertain the accuracy of the declared or documented age of adolescent players in football tournaments. 

On the basis of their investigations, the authors suggested that MRI was a viable tool for screening players in youth competitions (particularly the U16 and U17 groups). The authors recommended that the MRI approach should be extended to other ethnic groups and that height and weight should also be documented for age determination. Nevertheless, there is currently no evidence to support the use of MRI studies of the wrist for age determination of young people below 14 years and above 17 years of age. Age determination by MRI has potential for future use, if a more accurate age prediction algorithm can be developed.
Ultrasound

Ultrasound of the wrist and elbow is another radiation-free technique with the potential to be developed as a tool for age determination. Ultrasound has advantages over other methods in that it is relatively inexpensive and widely available. It can easily be applied by using portable system and patient compliance is generally good. The limitations of ultrasound include its operator dependence, the likely lower intra-rater and inter-rater reliability of assessment, and the difficulties with standardisation of documentation and imaging transfer. There are few data available regarding age determination from the wrist, beyond a single preliminary report12. To gain further knowledge on the value of ultrasound for age determination, validation is needed against other methods in future research studies.

DENTAL AGE ASSESSMENT
Dental x-ray

A number of studies have demonstrated the reliability of using the human dentition as an estimator of chronologic age. The third molar is the last tooth to initiate and complete development and therefore is the last available dental predicator of age. A recent systematic review of third molar age estimation in various American population groups reinforced a requirement for the use of population specific studies when estimating age from dental x-rays7. Within a number of noted American populations, varying rates of third molar development were seen. The review concluded that undoubtedly, additional and larger population specific studies are needed.
BIOMARKERS
In addition to the increases in testosterone and oestrogen levels that define the process of puberty and increase progressively throughout development, other hormonal factors also increase during this period. Insulin-like growth factor 1, insulin-like growth factor binding protein 3, dihydroepiandrostenedione and dihydroepiandrostenedione sulphate all rise with increasing age, and reference ranges for these hormones are noted as age dependent. While it would be tempting to use these factors as a determinant of chronological age, increases in these factors are not truly age dependent, but rather dependent on pubertal status. As a result, in clinical practice, these levels are interpreted not in terms of chronological age, but in terms of pubertal status and skeletal age. 
Two other future non-radiological markers of age, although probably well into the future, are biomarkers of ‘cellular age,’ including the assessment of telomere shortening and the measurement of the expression of p16INK4a (a gene protein) in peripheral blood T cells. A telomere is a region of repetitive nucleotide sequences at the end of a chromosome, which protects the end of the chromosome from deterioration. Over time, due to each cell division, the telomere ends become shorter13. The use of this to assess age in children has not been studied at present and as such remains theoretical, but in adults there is increasing evidence that this may be a good way of determining biological or chronological age in the future.
FACTORS THAT LIMIT THE INTERPRETATION OF BIOLOGICAL AGE ASSESSMENT

Using methods that assess biological maturity to estimate chronological age have the following major limitations: 

· there are large inter-individual differences in biological maturation among children and adolescents of the same chronological age; 
· there are differences among methods of assessment and derivation of biological age; 
· in the case of the GP method, there are differences in application of the method; 
· there are inter- and intra-observer errors of assessment; 
· there is variation between the sample studied and the reference upon which the method of assessment was developed; and
· there is ethnic variation.
Most of these limitations also apply to MRI or ultrasound assessment of fusion of the distal radial epiphysis.

EVALUATING THE EVIDENCE AROUND DIFFERENT METHODS OF AGE ASSESSMENT 

There is no flawless method for age verification. Skeletal age provides a crude approximation of chronological age with a large margin of error. The range of skeletal ages within a chronological age group can exceed 2 years. Dental age has been proposed for medicolegal purposes, but it too has major limitations especially in adolescents. Importantly, skeletal age has reduced accuracy with increasing chronological age. Specific cut-off ages to define “adults” and “children” (i.e. 18 years) implicitly require precision which cannot be provided by current skeletal age assessment methods.

Further research is needed to evaluate the reliability and validity of biological age assessments in the process of maturation. An essential first step in this process is a comprehensive systematic literature review to bring together published research that has evaluated methods to estimate chronological age. As a large number of studies have been performed focussing on a variety of ethnic groups, this review will be crucial to highlight differences in reliability and validity of age assessment methods.  Such a review does not currently exist.
There is benefit in extending the existing MRI studies performed in a competitive sports context to the clinical setting. Comparisons of MRI assessments with established radiographic scoring systems are needed to provide evidence on the validity of MRI assessments. Conceivably, the incorporation of influential factors such as weight and height velocity, gender, and ethnicity into an algorithm for predicting age might improve the accuracy of age prediction. Few data exists which allows development of predictive algorithms for chronological age within a defined cohort of young people. High quality cross-sectional studies are needed which not only provide direct comparison of existing methods of age assessment, but incorporate promising predictors of age to allow development of such algorithms. 

Lastly, there will be little value in developing reliable and valid methods to estimate chronological age if they are not validated in different ethnic groups. Regardless of the intended purpose of age assessment methods, specific normative population values are required to compare the level of maturity of individuals of concern. Broad validation of predictive algorithms for chronological age is required in specific ethnic groups at a community level. 

RECOMMENDATIONS
· Caution should be exercised when using methods of biological age assessment (i.e. skeletal age, dental age, or biomarkers) to determine chronological age in adolescents. The range of biological ages within a chronological age group may exceed 2 years even with the most accurate of these methods.
· A comprehensive systematic literature review is required to bring together data from published research that has evaluated methods to estimate chronological age. 

· High quality research studies are needed where existing methods of age assessment can be compared in rigorous designs and predictive algorithms that may improve the accuracy of age assessment can be developed and tested.
· There is an urgent need for the development and use of relevant reference databases to which children of different ethnicities can be compared when interpreting age assessment.
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