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Abstract This paper presents updated recommendations of
the Study Group on Forensic Age Diagnostics for age
estimations in living individuals in criminal proceedings. In
order to increase the diagnostic accuracy and to improve the
identification of age-relevant developmental disorders, a
physical examination, an X-ray examination of the left
hand, as well as a dental examination including the
determination of the dental status and an X-ray of the

dentition should be performed in each case. If the skeletal
development of the hand is completed, an additional
radiological examination of the clavicles should be carried
out. Minimum requirements for reference studies are
defined and recommendable studies are listed. Instructions
for the examination and the preparation of expert reports
are presented. The committee of the study group organizes
annual proficiency tests for quality assurance.
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Recommendations

Introduction

In many European countries, the growing migration into
Europe and between European countries has led to an
increase in the number of foreigners who cannot present
documentary evidence for their date of birth. As a result of
this development, age diagnostics of living individuals in
criminal proceedings has become an essential part of
forensic practice [3]. In many countries, the age limits of
relevance in criminal proceedings are between 7 and
21 years [2].

A transregional analysis of the current state of forensic
age estimation in living individuals in the German-speaking
countries was conducted on the occasion of the “Xth
Lübeck Meeting of German Forensic Physicians” in
December 1999. At this meeting, it was suggested to set
up a study group composed of forensic physicians, dentists,
radiologists, and anthropologists. The aim was to develop
recommendations for age estimations in order to standard-
ize the, as yet rather, heterogeneous procedure in setting up
expert reports and to implement quality assurance in this
area. The interdisciplinary “Study Group on Forensic Age
Diagnostics“ was constituted in Berlin on March 10, 2000.

The present recommendations apply to age estimations
in criminal proceedings for determining whether an
individual is of criminally responsible age or whether adult
criminal law is applicable. The first version of these
recommendations was passed by the members of the Study
Group on Forensic Age Diagnostics on September 15, 2000
[24]. The updated recommendations were adopted on
March 14, 2008.

Examination methods

The scientific basis of age estimation is the genetic control of
ontogenesis, which delimits the temporal variation of devel-
opmental stages [8, 17]. The growth curves of monozygotic
twins show a high degree of correspondence. Although a
range of diagnostic procedures for age estimation is available
[10, 18, 19, 27], only few of these appear to be suitable for
forensic application in living individuals regarding the
above-mentioned relevant age limits, if one takes ethical
and medicolegal aspects into account.

There is a wide agreement about the most suitable
methods currently available. They involve:

– physical examination with determination of anthropo-
metric measures (body height and weight, constitution-

al type), inspection of signs of sexual maturation as
well as identification of any age-relevant developmen-
tal disorders

– X-ray examination of the left hand
– dental examination with determination of the dental

status and X-ray examination of the dentition
– if the skeletal development of the hand is completed, an

additional examination of the clavicles should be
carried out, preferably by means of a conventional X-
ray examination and/or a computed tomography scan
[9, 28]

The methods should be used together to increase the
diagnostic accuracy and to improve the identification of
age-relevant developmental disorders. The legitimization of
the X-ray examinations is to be checked in accordance with
the regulations applicable in the respective country. Further
radiological features for determining the individual matu-
ration should only be considered, if the relevant radio-
graphs and scans are already available [6, 23].

Reference studies

A reference study evaluates data in a random sample using a
specific method. A method in this context is the conversion
of an ontogenetic process into a chronological scale.

Reference studies used for forensic age estimation
should meet the following requirements:

– adequate sample size, considering the number of age
groups and population groups included in the study

– proven age of the subjects
– even age distribution
– analysis separately for both sexes
– information on the time of examination
– clear definition of the examined features
– detailed description of the methods
– data on the reference population regarding genetic/

geographic origin, socioeconomic status, state of health
– data on the sample size, mean value, and range of

scatter for each examined feature

Examples of reference studies are [4, 5, 7, 12, 13, 15, 16,
21, 25, 29, 30].

Examination

Before taking on an expert evaluation in an individual case,
one should check whether the question(s) can be answered
with a sufficiently high degree of reliability by using sound
scientific methods. The examinations to be performed must
be justified by a court order.
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The individuals to be examined must be informed about
the type of examination and its purpose. The court ordering
the report must be notified that an interpreter may be
required. Each part of the examination should be performed
by a specialist experienced in setting up expert reports and
participating in regular proficiency tests for quality assurance
(see below).

When ionizing radiation is applied, the national regu-
lations must be observed. From a scientific point of view, the
so-called minimization principle is valid without restrictions.
It requires to perform each examination as dose saving as
possible and to dispense any exposition that is not
mandatory. The coordinating expert has to give a compre-
hensive assessment on the basis of the different parts of the
evaluation performed by the respective specialists.

Expert reports

The central forensic aspect of an expert report is to give the
most probable age of the examined individual and/or the
degree of probability that the stated age is the actual age or
that the individual’s age is above the relevant penal age
limit. The expert report has to quote the methods and
reference studies the age estimation is based on. For each
examined feature, the report must indicate the most
probable age and the range of scatter of the reference
population [20]. Furthermore, it should be noted that the
range of tolerance may be increased by an empirical
observer error. The age-relevant variations resulting from
the application of the reference studies in an individual case
such as deviating genetic/geographic origin, different
socioeconomic status, and with that a possibly different
degree of acceleration, developmental disorders of the
individual, have to be discussed in the report including
their effect on the estimated age and, if possible, a
quantitative assessment of any such effect should be given
[1, 11, 14, 22, 26].

The individual’s most likely age is estimated on the basis
of all partial diagnoses and a critical discussion of the
individual case. When the age estimations based on the
used methods are summarized, it can generally be assumed
that the range of scatter is reduced. So far, however, this
reduction could only be estimated. Depending on what is
requested, it may be necessary to assess the legally relevant
age limits and/or the probability of the age given in the
court order verbally.

Quality assurance

The committee of the study group organizes annual
proficiency tests for continuing quality assurance. An

expert may also request an evaluation of an age estimation
before the report is written.

The present recommendations are revised annually by
the committee of the study group with regards to new
scientific and practical results and updated if required. The
updated version of the recommendations is available on the
website of the study group (http://rechtsmedizin.klinikum.
uni-muenster.de/agfad/index.htm).

References

1. Cameriere R, Flores-Mir C, Mauricio F, Ferrante L (2007) Effects
of nutrition on timing of mineralization in teeth in a Peruvian
sample by the Cameriere and Demirjian methods. Ann Hum Biol
34:547–556

2. Dünkel F, van Kalmthout A, Schüler-Springorum H (1997)
Entwicklungstendenzen und Reformstrategien im Jugendstrafrecht
im europäischen Vergleich. Forum, Mönchengladbach

3. Geserick G, Schmeling A (2000) Übersicht zum gegenwärtigen
Stand der Altersschätzung Lebender im deutschsprachigen
Raum. In: Oehmichen M, Geserick G (eds) Osteologische
Identifikation (Research in Legal Medicine/Rechtsmedizinische
Forschungsergebnisse). Schmidt-Römhild, Lübeck, pp 255–261

4. Greulich WW, Pyle SI (1959) Radiographic atlas of skeletal
development of the hand and wrist. Stanford University Press,
Stanford

5. Gunst K, Mesotten K, Carbonez A, Willems G (2003) Third molar
root development in relation to chronological age: a large sample
sized retrospective study. Forensic Sci Int 136:52–57

6. Jung H (2000) Strahlenrisiken durch Röntgenuntersuchungen zur
Altersschätzung im Strafverfahren. Fortschr Röntgenstr 172:
553–556

7. Kahl B, Schwarze CW (1988) Aktualisierung der Dentitionstabelle
von I. Schour und M. Massler von 1941. Fortschr Kieferorthop
49:432–443

8. Knussmann R (1996) Vergleichende Biologie des Menschen.
Lehrbuch der Anthropologie und Humangenetik. Fischer, Stuttgart

9. Kreitner K-F, Schweden F, Schild HH, Riepert T, Nafe B (1997)
Die computertomographisch bestimmte Ausreifung der medialen
Klavikulaepiphyse—eine additive Methode zur Altersbestimmung
im Adoleszentenalter und in der dritten Lebensdekade? Fortschr
Röntgenstr 166:481–486

10. Liversidge H, Herdeg B, Rösing FW (1998) Dental age estimation
of non-adults. A review of methods and principles. In: Alt KW,
Rösing FW, Teschler-Nicola M (eds) Dental anthropology.
Fundamentals, limits, and prospects. Springer, Wien

11. Meijerman L, Maat GJR, Schulz R, Schmeling A (2007) Variables
affecting the probability of complete fusion of the medial
clavicular epiphysis. Int J Leg Med 121:463–468

12. Mincer HH, Harris EF, Berryman HE (1993) The A.B.F.O. study
of third molar development and its use as an estimator of
chronological age. J Forensic Sci 38:379–390

13. Olze A, Schmeling A, Rieger K, Kalb G, Geserick G (2003)
Untersuchungen zum zeitlichen Verlauf der Weisheitszahnminer-
alisation bei einer deutschen Population. Rechtsmedizin 13:5–10

14. Olze A, Schmeling A, Taniguchi M, Maeda H, van Niekerk P,
Wernecke K-D, Geserick G (2004) Forensic age estimation in
living subjects: the ethnic factor in wisdom tooth mineralization.
Int J Leg Med 118:170–173

15. Olze A, Taniguchi M, Schmeling A, Zhu B-L, Yamada Y, Maeda
H, Geserick G (2004) Studies on the chronology of third molar
mineralization in a Japanese population. Legal Med 6:73–79

Int J Legal Med (2008) 122:457–460 459

http://rechtsmedizin.klinikum.uni-muenster.de/agfad/index.htm
http://rechtsmedizin.klinikum.uni-muenster.de/agfad/index.htm


16. Olze A, van Niekerk P, Schmidt S, Wernecke K-D, Rösing FW,
Geserick G, Schmeling A (2006) Studies on the progress of third
molar mineralization in a black African population. Homo
57:209–217

17. Pelsmaekers B, Loos R, Carels C, Derom C, Vlietinck R (1997) The
genetic contribution to dental maturation. J Dent Res 76:1337–1340

18. Ritz S, Kaatsch H-J (1996) Methoden der Altersbestimmung an
lebenden Personen: Möglichkeiten, Grenzen, Zulässigkeit und
ethische Vertretbarkeit. Rechtsmedizin 6:171–176

19. Ritz-Timme S, Cattaneo C, Collins MJ, Waite ER, Schütz HW,
Kaatsch HJ, Borrman HI (2000) Age estimation: the state of the
art in relation to the specific demands of forensic practise. Int J
Leg Med 113:129–136

20. Rösing FW (2000) ForensischeAltersdiagnose: Statistik, Arbeitsregeln
und Darstellung. In: Oehmichen M, Geserick G (eds) Osteologische
Identifikation (Research in Legal Medicine/Rechtsmedizinische
Forschungsergebnisse). Schmidt-Römhild, Lübeck, pp 263–275

21. Ruhstaller P (2006) Zahnärztliche Altersdiagnostik durch
röntgenologische Evaluation der Entwicklungsstadien des unteren
Weisheitszahnes: Auswertung von 1260 Orthopantomogrammen
von Jugendlichen und jungen Erwachsenen. Med Diss, Zürich

22. Schmeling A, Reisinger W, Loreck D, Vendura K, Markus W,
Geserick G (2000) Effects of ethnicity on skeletal maturation:
consequences for forensic age estimations. Int J LegMed 13:252–258

23. Schmeling A, Reisinger W, Wormanns D, Geserick G (2000)
Strahlenexposition bei Röntgenuntersuchungen zur forensischen
Altersschätzung Lebender. Rechtsmedizin 10:135–137

24. Schmeling A, Kaatsch H-J, Marré B, Reisinger W, Riepert T, Ritz-
Timme S, Rösing FW, Rötzscher K, Geserick G (2001) Empfehlungen
für dieAltersdiagnostik bei Lebenden imStrafverfahren. Rechtsmedizin
11:1–3

25. Schmeling A, Schulz R, Reisinger W, Mühler M, Wernecke K-D,
Geserick G (2004) Studies on the time frame for ossification of
medial clavicular epiphyseal cartilage in conventional radiography.
Int J Leg Med 118:5–8

26. Schmeling A, Schulz R, Danner B, Rösing F (2006) The impact
of economic progress and modernization in medicine on the
ossification of hand and wrist. Int J Leg Med 120:121–126

27. Schmeling A, Geserick G, Reisinger W, Olze A (2007) Age
estimation. Forensic Sci Int 165:178–181

28. Schulz R, Mühler M, Reisinger W, Schmidt S, Schmeling A
(2008) Radiographic staging of ossification of the medial
clavicular epiphysis. Int J Leg Med 122:55–58

29. Tanner JM, Healy MJR, Goldstein H, Cameron N (2001)
Assessment of skeletal maturity and prediction of adult height
(TW3 method). Saunders, London

30. Thiemann H-H, Nitz I, Schmeling A (2006) Röntgenatlas der
normalen Hand im Kindesalter. Thieme, Stuttgart, New York

460 Int J Legal Med (2008) 122:457–460


	Criteria for age estimation in living individuals
	Abstract
	Introduction
	Examination methods
	Reference studies
	Examination
	Expert reports
	Quality assurance
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


