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Dear,

The Australian Human Rights Commission has asked us to provide an evidence based document justifying our opposition to the use of bone age assessment for age determination. This report as far as possible will try to avoid medical jargon and express facts in layman’s terms. For the purposes of this document I will briefly review the history of bone age estimation, discuss intra and inter-observer error in bone age estimation and discuss variation in pubertal onset as this has a major impact on bone age assessment during adolescence.

Variations in the tempo of physical maturation have long been noted. For instance some children enter puberty before 10 years of age while others are not in puberty until late teenage years. These differences in physical maturation can be quantified by assessing how bones grow and mature. Greulich and Pyle, using hand and wrist X-rays, published an atlas of ‘normal’ bone ages for healthy children in 1950 based on X-rays taken on children in the 1930s and 1940s1. Comparison with X-ray photographs in this atlas currently remains the most common method for estimating bone age. A bone age is defined as advanced when it is older than the patient’s chronological age and delayed when it is younger. The commonest cause for this is normal variation in pubertal onset. However, many other factors impact on bone age maturation2. Obesity tends to advance bone age maturation while malnutrition and conditions that reduce fat mass such as anorexia nervosa delay it. Any chronic illness during childhood may also delay bone age maturation. Severe neglect can also cause bone age delay while placing such children in a more caring environment can result in earlier puberty and an advanced bone age.  Thus many factors need to be considered when trying to establish age based on bone age estimation alone.

It should also be noted that the Greulich and Pyle atlas was not only based on a population of children over 70 years ago but comprised only Caucasian children from the United Kingdom. More recently racial differences have been shown in Middle Eastern, Asian and Black American populations with bone age disparities between 6 to 12 months depending on the age when the children were assessed
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. Other clinical methods have been developed especially those by Tanner and Whitehouse. Over the last decade several computer generated bone age software packages have been developed to reduce the intra-observer and inter-observer error noted with the clinician/ radiologist based estimations6. It is important to note however, that all these methods were designed to assess bone age for medical reasons and NOT for forensic purposes.

All bone age estimation methods have error involved. In other words if the same X-ray is assessed either by the same or different assessors the assigned bone age may vary. Intra-observer error refers to the variation of one clinician’s assessment while inter-observer error refers to the variation between different clinicians. Not surprisingly there is greater error with clinician based assessments compared to the computer generated assessments. A number of studies have investigated these effects and in summary have demonstrated an average intra-observer error of between 2 and 9 months and an average inter-observer error between 1 and 12 months
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 However, these were average errors and the error range in these studies was 0 to over 2 years. Combining both the intra- and inter-observer, variation differences of over 12 months frequently occur. Variation using computer software to define bone ages is less and varies between 0 and 6 months6.
Pubertal variation has a major impact on bone age estimation. Exposure to sex hormones causes bones to mature and ultimately to cease growth via epiphyseal fusion. Earlier puberty and exposure to sex hormones in either gender will lead to more rapid bone maturation and an older bone age for a given chronological age. Like most biological variables puberty occurs in a ‘bell-shaped’ curve. For boys the normal range for starting puberty (defined as testicular enlargement >3 mls) is between 9 and 14 years and for girls (defined as breast development) between 8 and 13 years2. Clinicians involved in pubertal disorders also see many children with much earlier pubertal onset as well as others with substantial pubertal delay into late adolescence. The tempo of puberty is usually similar among individuals and takes 3 to 4 years to complete2. Thus there is approximately a 4 to 5 year range for normal puberty to start in both genders and, as expected, a similar difference in bone age estimations is also observed during this time. 

Assessment of bone ages at any age has error involved in the interpretation. However, even when the bone age assessment is correct, the bone age may still be normally delayed or advanced relative to the subject’s chronological age depending on their pubertal status and thus not accurately reflect chronological age.  This is readily shown in the following graph (figure 1). This shows the difference between bone age estimation and chronological age for two different bone age assessments (Greulich and Pyle and the Maturos 4.0 computer program) on a population of 230 subjects aged 12 to 20 years6.  For a given bone age, the subjects actual (chronological) age can vary up to 5 years during adolescence using either assessment technique. Thus while there may be a reasonable relationship between chronological age and bone age the large variation makes accurate interpretation of a bone age for forensic reasons difficult. Indeed a recent meta-analysis of bone ages for forensic age determination concluded that ‘the ranges of age estimations derived from different studies are very wide for forensic aims and that the accuracy of age determination in living individuals should not be exclusively based on X-ray methods on the left hand-wrist’18.
For legal purposes relatively precise age determination is required to define childhood and adulthood.  An error of more than one year would lead to the erroneous classification of subjects as either children or adults. Thus age determination requires a test or tests that is/are precise, accurately reflect chronological age and give consistent, reproducible results.  This simply is not possible using current bone age assessment methodology. 

There is also the issue of appropriateness in the use of radiation. One of the most important principles underpinning all medical imaging is the ALARA principle (As Low As Reasonably Achievable). This requires three factors to be met in the performance of imaging examinations, with a particular emphasis on those using ionizing radiation – justification, optimisation and dose limitation. Justification requires any proposed imaging examination to yield a sufficient benefit to the individual to justify the risks incurred by the radiation exposure, and is based on the hypothesis that any radiation exposure, no matter how small, carries with it a certain level of risk (the linear, non-threshold hypothesis, or LNT)19. The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) has adopted a Code of Practice20 which is progressively being implemented by each Australian jurisdiction through local radiation safety regulations; the Code requires the ALARA Principle to be applied for each imaging examination involving ionizing radiation. As discussed above, the accuracy of X-ray methods to determine age is not reliable and the benefit of their use is not proven; therefore such examinations are not consistent with the ALARA principle and cannot be justified. 

In conclusion, there is overwhelming evidence that bone age estimation is too inaccurate to be used for determining chronological age for legal reasons. Inevitably it will result in children misclassified as adults and there is considerable potential harm if this occurs. We would urge that other, more comprehensive approaches to age determination are sought. Bone age assessment should not be used for this purpose in Australia.
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Figure 1: Circles represent the Maturos 4.0 computer software assessment of bone age and the dots represent Greulich and Pyle determination of bone age. For a given bone age, there is a wide range of chronological ages. In the example (red arrow) above the chronological range for a bone age of 216 months (18.0 years) was 186 to 243 months (15.5 to 20.3 years)
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