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Category 1 non-medical human imaging: Specific 
Safety Guide SSG-55 https://www.iaea.org/publications/12352/radiation-safety-of-x-ray-

generators-and-other-radiation-sources-used-for-inspection-purposes-and-for-non-medical-human-imaging

• usually takes place in a medical radiation facility that 
performs radiological procedures for the primary purpose of 
medical diagnosis; uses medical radiological equipment to 
obtain the image; is performed by medical personnel, 
typically radiology personnel; and produces images that are 
assessed by a radiological medical practitioner. 

• for occupational and employment related purposes, such as 
assessment of fitness for employment, and assessment of 
physiological suitability for a career or a sport, including 
assessment of athletes before a selection or transfer;

• Imaging for legal purposes, including obtaining legal 
evidence, age determination, immigration or emigration 
purposes, and detection of drugs within a person;

https://www.iaea.org/publications/12352/radiation-safety-of-x-ray-generators-and-other-radiation-sources-used-for-inspection-purposes-and-for-non-medical-human-imaging
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Non-medical human imaging for sport and age 
assessment

1. What is known;

A. Assessment of physiological status for: 

1. Chronic injuries in athlete (for selection), 

2. Screening (pre-signing of contract),

3. Precautionary imaging, and 

4. sports regulatory imaging (annual licensing).

B. Age of individual may influence-

• eligibility to participate in sport / performing arts

• asylum decision, 

• criminal justice, 

• eligibility for benefits or 

2. Examples of good practices;

3. Further work needed.
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1. Chronic overuse injury: selection

• Medically indicated when essential to prevent further 
injury through competition or for nutritional decisions 

• Non-medical Imaging to aid selection for competition 
and return to sport (but not for diagnosis)... Grey area 

• MRI and US  should be used more whenever possible, 
rather than CT

• Avoid unnecessary repeat imaging  

• Optimisation should be as for medical imaging, ALARA, 
appropriate collimation, diagnostic quality images
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Female endurance athlete: MRI & CT
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2. Contractual non-medical imaging: Pre-signing scan

• Now usually MRI not CT / x-ray

• CT not effective for low grade bone stress injury or soft 
tissue injury and should not be used

• Potential problems with incidental findings which may be 
seen in up to 25% of subjects (ethical issue)
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3. Regulatory non-medical imaging: 
Licensing of athletes in fighting sports
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4. Precaution: eg.TKO arachnoid cyst & subdural bleed 
in a boxer Robles, Hernandez. 2006. Injury Extra; 37:375

>650 boxers have died, most in USA

Chronic traumatic encephalopathy (dementia pugilistica) 
common

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B7CRN-4JW128K-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1034237760&_rerunOrigin=google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=16d28ef06d133a46d76bd43858cbd5d1
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Regulatory licensing of athletes in combat 
sports: variation in requirements 
Jurisdiction CT MRI CT/MRI No scan

Alberta: boxing, muay
thai, kickboxing, mixed 
martial arts

✓

British Columbia: 
boxing, mixed martial 
arts, wrestling, 
kickboxing

✓

New Brunswick: 
Professional boxing

✓

Ohio: need doctor’s 
report

✓

UK: British Board of 
Boxing Control

✓

South Australia: 
combat sports

✓
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Bone age 
for U-17 
football: 
MRI not 
x-ray*
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Ballet x-ray and 
skeletal maturity: 
pointe in question
http://www.pointeshoefitting.co.uk/styled-3/styled-4/

http://www.pointeshoefitting.co.uk/styled-3/styled-4/
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Swedish justification for DXA in sport*

• Sport involves increased risk of injury / musculoskeletal 
overload in the skeleton, muscles and tendons. 

• [DXA] measures the body composition, partly to identify 
any asymmetry in muscle mass and partly for bone 
density, in order to prevent overload damage and stress 
fractures during sports and partly to detect precursors to 
osteoporosis at an early stage. In case of deviations from 
the reference values, the patient will be referred for 
medical consultation with orthopedic surgeons for 
investigation and possible treatment. 

• Clinical indications for DXA in athletes are: 

(1) Athletes with repeated injury problems, 

(2) Athletes with abnormal BMI and 

(3) Female athletes with longer (> 6 months) menstrual loss
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Female endurance athlete: MRI & DEXA
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Need for age 
determination
• Asylum seekers
• Human trafficking victims 
• Eligibility for benefits
• Criminal proceedings
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Hand/Wrist Radiological 
Age Estimation: limitations

•Greulich & Pyle reference data from 
Caucasians, 1930s, upper socio-economic 
class

•Tanner & Whitehouse (1975) system more 
reliable

•Radiographic positioning problems

•Intra- and inter-observer variability

•Influence of socio-economic status and 
ethnicity/race

•Less accurate with older children (15-18yrs)
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Tanner Whitehouse 
estimation: Wrist, 
Radius-Ulna Score, 
20 Bone estimation

Girls

Boys
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Dental Radiological Age Estimation: 
simple and sophisticated methods (Horner)

Roberts et al (2008) Dental age assessment 

(DAA): a simple method for children and 

emerging adults. Br Dent J, 204: E07

The weighted-combined estimated, mean dental age for

this subject is indicated by the dotted line and the 99%

confidence interval by the horizontal limits of the diamond

Fewer 

teeth to 

assess 

in older 

children
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Dilemma:

Both aged 

11 years
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Clavicle Radiological Age Estimation

Stage 1 Non-ossified ossification centre.

Stage2 Ossified ossification centre with 

non-ossified epiphyseal cartilage.

Stage 3 Partially ossified epiphyseal 

cartilage.

Stage 4 Fully ossified epiphyseal cartilage 

with a discernable epiphyseal scar.

Stage5 Fully ossified epiphyseal cartilage 

with no discernable epiphyseal

scar.

Images and table from: Schulz et al (2008)

Radiographic staging of ossification of the 

medial clavicular epiphysis. Int J Legal Med 

122: 55-58 
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Ultrasound: Schulz et al (2008) Ultrasound studies on the time course of 

clavicular ossification. Int J Legal Med 122: 163-7

MR studies: Schmidt et al (2007) Magnetic resonance imaging of the 

clavicular ossification. Int J Legal Med 121: 321-4

Medial clavicular ossification for age: evidence
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Age Determination of Unaccompanied Asylum
Seeking Minors in the European Union:
A Health Law Perspective
Roscam Abbing. European Journal of Health Law 18 (2011) 11-25

Country Wrist XR Hand XR Clavicle XR Dental

Belgium   

Netherlands  

France  

UK*    
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Medical, statistical, ethical and human rights considerations in the 
assessment of age in children and young people subject to immigration 
control Aynsley-Green et al 2012 British Medical Bulletin 2012; 102: 17–42
https://academic.oup.com/bmb/article/102/1/17/312555/Medical-statistical-ethical-and-human-rights

Background: Unprecedented changes in both the scale and the complexity of 
international migration have led to international concern and controversy over 
the assessment of age in children and young people subject to immigration 
control or seeking asylum who say they are children yet have no documents to 
prove their stated age.

Sources of data: The article reviews the existing evidence on the reliability of 
medical and non-medical techniques for the assessment of chronological age. 

Areas of agreement: There is evidence that radiography (X-rays) of bones and 
teeth, which is increasingly relied upon by immigration authorities, is imprecise, 
unethical and potentially unlawful, and should not be used for age assessment.

Areas of controversy: Medical techniques including X-rays continue to be relied 
upon in the absence of an alternative approach resulting in legal challenges 
and uncertainty for children and young people.

Areas timely for developing research: Further work is needed to establish a process 
for age assessment based on a ‘holistic’ multi-disciplinary approach which 
focuses not on chronological age exclusively but rather on the needs of 
children and young people subject to immigration control.

https://academic.oup.com/bmb/article/102/1/17/312555/Medical-statistical-ethical-and-human-rights
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UN Children's Fund (UNICEF), Age Assessment: 
A Technical Note, 2013 https://www.refworld.org/docid/5130659f2.html

Assessments of age usually consider : 

• Presentation and demeanour at interview 

• Account of their past history 

• Growth, physical or sexual development 

• Mental and cognitive development 

• Emotional and ‘abstract’ thought development.

Before imaging ask:

1. Is the procedure really necessary?

2. Is a physical examination the only method of assessing age?

3. Has the child given informed consent to a physical examination?

4. Is a range of approaches being used in the age assessment?

5. Are the professionals engaged in the assessment independent?

6. Is the assessment sensitive to cultural and gender needs?

https://www.refworld.org/docid/5130659f2.html
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Age Assessment for Unaccompanied Minors
Médecins du monde International Network 2015
https://mdmeuroblog.files.wordpress.com/2014/01/age-determination-def.pdf

An age assessment is a procedure 
organised by a public body to 
determine the chronological age of 
an individual lacking legal 
documents.

23 countries made use of carpal X-ray

17 countries made use of dental X-ray

15 countries use clavicle X-ray

14 countries use of dental observation

8 countries undertook sexual 
maturation observation

EU28, Norway, New Zealand, Australia, 
Canada and the United States

https://mdmeuroblog.files.wordpress.com/2014/01/age-determination-def.pdf
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European Asylum Support Office: Practical Guide 
on age assessment, 2018 
https://www.easo.europa.eu/sites/default/files/easo-practical-guide-on-age-assesment-v3-2018.pdf

MRI-

hand (FIFA), 

knee (SE), or clavicle. Slightly lower 
age assess.

(Ultrasound)- hand, clavicle, iliac crest 
but not reliable.

Radiograph-

hand, fusion at 17/18, EU 23/28; 

clavicle, fusion at 20/21, EU 12/28; 

pelvis, EU 3/28

Dental x-ray- All but wisdom teeth at 
16-20. EU 19/28

CT- clavicle (DE)

https://www.easo.europa.eu/sites/default/files/easo-practical-guide-on-age-assesment-v3-2018.pdf
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Grades of fusion of the distal radius for age groups 

15–19 years comparing T1 MRI and plain radiographs*
https://bjsm.bmj.com/content/46/4/273.full

John George et al. Br J Sports Med 2012;46:273-278

https://bjsm.bmj.com/content/46/4/273.full
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Age determination in Germany, 2016: 
More clinical examination and OPT; fewer hand and clavicle x-rays
https://www.ncbi.nlm.nih.gov/pubmed/28032243

https://www.ncbi.nlm.nih.gov/pubmed/28032243
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Forensic Age Estimation: Methods, Certainty, and 
the Law 2016 Schmeling, et al Dtsch Arztebl Int 2016; 113(4): 44-50; 
https://www.aerzteblatt.de/int/archive/article/173619/Forensic-age-estimation-methods-certainty-and-the-law

https://www.aerzteblatt.de/int/archive/article/173619/Forensic-age-estimation-methods-certainty-and-the-law
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Low-dose imaging Standard-dose imaging p value

DLP (mGy*cm) 8.3 (IQR: 7.0) 226.8 (IQR: 68.5) < 0.001

CTDIvol (mGy) 0.3 (IQR: 0.2) 6.7 (IQR: 1.8) < 0.001

Effective dose (mSv) 0.2 (IQR: 0.1) 4.6 (2.2) < 0.001

Simulated effective 
dose

1
(mSv)

0.1 (IQR: 0.0) 0.9 (IQR: 0.6) < 0.001
1 .1Analysis of 55 low-dose and 50 standard-dose cases
2.DLP dose length product, CTDIvol computed tomography dose index

Forensic age estimation in living adolescents with 
CT imaging of the clavicula—impact of low-dose 
scanning on readers’ confidence, 2020* 
Gassenmaier S et al. Eur Radiol 30, 6645–6652 (2020). 
https://doi.org/10.1007/s00330-020-07079-y

Low-dose CT imaging of the clavicula for age estimation in living 

adolescents is possible without loss of readers ’ confidence.

https://doi.org/10.1007/s00330-020-07079-y
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Non-medical human imaging in Sport and Age 
Assessment

• Optimise Cat 1 imaging for diagnostic quality

• Age assessment now with a holistic and evidence-based 
approach for a uniform, robust and acceptable system to 
make important decisions with legal or asylum implications

• Must take into account gender, geographical, and ethnic 
differences with consideration of normal distribution

• Need for consent + legally & ethically acceptable solution

• Justification by specialist doctors, governing bodies and 
regulators needed to balance benefit & avoid financial bias

• Sports precautionary and screening imaging needs  
guidance to encourage uniformity promoting MRI and US 
where relevant


