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Hovedbudskap

Greulich og Pyle-atlaset benyttes til & ansla alder pa
barn og unge. Denne systematiske oversikten
sammenfatter den forskningsbaserte dokumenta-
sjonen pa samsvaret mellom skjelettalder fra Greu-
lich og Pyle-atlaset (heretter kalt GP skjelettalder)
og kronologisk alder.

Totalt 17 artikler oppfylte kriteriene vare. 13 stu-
dier fremstilte resultater for GP skjelettalder fra
kronologisk alder, 2 fremstilte resultater som besk-
river kronologisk alder fra GP skjelettalder og 2 var
datasett som vi har kunnet fremstille pa begge ma-
ter. Disse fremstillingene er ikke sammenlignbare,
og vi har derfor utfgrt to separate analyser.

Forskjellen mellom GP skjelettalder og kronologisk
alder var sjelden over ett ar for gjennomsnittet i
hver aldersgruppe.

Studiene som har beskrevet fordelingen av krono-
logisk alder fra GP skjelettalder er de som er mest
relevante hvis Greulich og Pyle-atlaset skal anven-
des til aldersestimering. Her gjorde vi ingen samlet
analyse, ettersom tre av fire studier var sa preget
av fenomenet «aldersmimikering» at resultatene
ikke var palitelige. Vi vurderte at kun en av studie-
ne var utfgrt pa en slik mate at den gir en god nok
beskrivelse av metodens evne til & ansla alder.

5 Hovedbudskap

Tittel:

Samsvar mellom kronologisk alder og
skjelettalder basert pa Greulich og
Pyle-atlaset for aldersestimering: en
systematisk oversikt

Publikasjonstype:
Systematisk oversikt

En systematisk oversikt er resultatet
ava

- innhente

- kritisk vurdere og

- sammenfatte

relevante forskningsresultater ved
hjelp av forhandsdefinerte og eksplisit-
te metoder.

Svarer ikke pa alt:

- Ingen studier utenfor de eksplisitte
inklusjonskriteriene

- Ingen helsegkonomisk evaluering

- Ingen anbefalinger

Hvem star bak denne publikasjonen?

Folkehelseinstituttet

Nar ble litteratursgket utfart?

Sgk etter studier ble avsluttet

Januar 2017.

Eksterne fagfeller:

- Bjern Anton Graff, Klinikk for medi-
sinsk diagnostikk, Vestre Viken HF

- Lil-Sofie Ording Milller, Oslo univer-
sitetssykehus



Sammendrag

Innledning

Hvert ar kommer det unge asylsgkere til Norge som ikke vet hvor gamle de er eller ikke
kan dokumentere dette. For a sikre at barn far de rettigheter de har krav pa og at voks-
ne ikke blir behandlet som barn, er det ngdvendig a fastsette en kronologisk alder.
Norge har det i flere ar vaert benyttet evaluering av modning av skjelett i hand og av
tannutvikling for a estimere alder pa asylsgkere hvor det foreligger tvil. Disse metode-
ne har i stor grad blitt kritisert for ikke a vaere presise, men per dags dato er det ikke
funnet bedre metoder. I 2016 fikk Folkehelseinstituttet et nasjonalt fagansvar for a eva-
luere og forbedre metodene (fra 1.1. 2017 overfgrt med Avdeling for Rettsmedisinske
fag til Oslo universitetssykehus). Den rettsmedisinske faggruppen har i samarbeid med
Kunnskapssenteret for helsetjenesten i Folkehelseinstituttet gjennomfgrt en systema-
tisk kartlegging av det vitenskapelige grunnlaget for flere metoder som benyttes til
medisinske aldersvurderinger.

Formalet med denne systematiske oversikten er 8 sammenfatte den forskningsbaserte
dokumentasjonen om samsvaret mellom kronologisk alder og skjelettalder basert pa
modningsstadier fra Greulich og Pyle-atlaset (GP skjelettalder), og eventuelt a belyse
variasjoner mellom ulike populasjoner. Siden Greulich og Pyle-atlaset er den mest an-
vendte metoden for estimering av kronologisk alder basert pa handrgntgen, valgte vi &
fokusere analysen pa dette systemet. Parallelt har vi ogsa gjennomfgrt en systematisk
oversikt pa aldersestimering med Demirjians utviklingsstadier av visdomstenner.

Metode

Vi sgkte etter studier i Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, Embase og Google Scholar. Sgket ble avsluttet mai 2016. Det ble utfgrt ett
felles sgk for studier som benyttet rgntgen av tenner eller hand, samt CT eller MR av
krageben, kne og ankel til aldersvurdering for barn og unge mellom 10 og 25 ar. Sgket
for studier som benyttet Greulich og Pyle-atlaset pa handrgntgen ble oppdatert i januar
2017. To personer leste uavhengig av hverandre tittel og sammendrag for 10640 refe-
ranser. Av disse fant vi 658 publikasjoner som kunne vzere relevante for aldersestime-
ring basert pa handrgntgen. To personer vurderte disse uavhengig av hverandre i full-
tekst. Vi inkluderte 17 studier som har estimert alder basert pa Greulich og Pyle-atlaset
og samtidig har oppgitt data for hvert kronologiske ar. Vi har inkludert to ulike mater a
fremstille dataene pa (i denne rapporten kalt fremstilling A og B). Begge metodene for-
utsetter en kjent kronologisk alder og en observert skjelettalder:
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A) tar utgangspunkt i kronologisk alder og fremstiller gjennomsnittlig forskjell mellom
kronologisk alder og GP skjelettalder basert pd modningsstadier i Greulich og Pyle atla-
set for aldersgrupper separat (ikke slatt sammen aldre i mer enn arlige intervaller).

B) tar utgangspunkt i skjelettalder og fremstiller gjennomsnittlig kronologisk alder fra
GP skjelettalder i Greulich og Pyle-atlaset.

To personer vurderte uavhengig av hverandre risiko for systematiske skjevheter i de
inkluderte studiene ved QUADAS-2 sjekklisten for a vurdere kvaliteten av studier av
diagnostisk ngyaktighet.

Resultat

Vi fant 17 studier som hadde sammenlignet kronologisk alder med GP skjelettalder ba-
sert pa handrgntgen og GP-atlaset. Studiene inkluderte fra 68 til 2614 personer med
kjent kronologisk alder. Alle unntatt én studie inkluderte bade gutter og jenter. Det var
tre studier fra Tyrkia, fire studier fra India, og én studie hver fra henholdsvis Canada,
Frankrike, Italia, Iran, Kina, Nederland, Spania, Taiwan, Pakistan og USA. Vi vurderte at
flertallet av studiene hadde enten lav eller uklar risiko for systematiske skjevheter ba-
sert pd QUADAS sjekklisten. Ett unntak var studiene med fremstilling B, hvor tre av fire
studier hadde resultater med hgy risiko for en spesiell form for seleksjonsskjevhet kalt
aldersmimikering.

Det klare flertall av studiene har oppgitt resultatene som gjennomsnittlig forskjell mel-
lom kronologisk alder og GP skjelettalder for aldersgrupper basert pa modningsstadier
i Greulich og Pyle-atlaset (fremstilling A). Analysen viser at variasjonen mellom studie-
ne var stgrre enn man kan forvente ved tilfeldighet, men samtidig var det relativt mo-
derate variasjoner mellom studier fra ulike deler av verden. Det var sjelden at differan-
sen mellom GP skjelettalder og kronologisk alder oversteg ett ar i gjennomsnitt for en

gruppe.

Fire studier, inkludert to vi analyserte basert pa forfatternes radata, fremstilte resulta-
tene som gjennomsnittlig kronologisk alder i modningsstadier fra Greulich og Pyle-
atlaset (fremstilling B). Vi fant at resultatene fra tre av disse studiene i hgy grad var pa-
virket av alderssammensetningen av testpersonene. Denne skjevheten er tidligere be-
skrevet som aldersmimikering (engelsk: age mimicry). Aldersmimikering fgrer til at
giennomsnittsalder for hvert utviklingsstadium preges av alderssammensetningen i
den inkluderte studiepopulasjonen. Kun én av de fire studiene med denne fremstil-
lingsmaten hadde en stor inkludert populasjon som var relativt jevnt fordelt pa alder:
Chaumoitre 2016. Resultatene fra denne, som er en forholdsvis stor studie pa en mul-
tietnisk populasjon i Marseille (Frankrike), fant at differensen mellom GP skjelettalde-
ren pa bildene i atlaset (modningsstadiene) aldri var stgrre enn 0,5 ar fra gjennomsnit-
tet i kronologisk alder. Chaumoitre 2016 anga et palitelig estimat for variasjonen i alder
for denne populasjonen dersom man skal bruke atlaset til estimering av kronologisk
alder. Basert pa denne studien varierte bredden pa 95 % prediksjonsintervaller for ald-
rene 10-19 ar for gutter fra 4,0 ar til 5,9 ar.

Diskusjon

Vi inkluderte studier med to ulike mater a fremstille resultatene pa (fremstilling A og
B). Flest studier presenterte funnene som gjennomsnittlig forskjell mellom kronologisk
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alder og GP skjelettalder for separate aldersgrupper basert pa arskull (fremstilling A).
Denne analysemetoden gir samlede resultater for GP skjelettalderen til en gruppe indi-
vider av ett arskull (for eksempel alle gutter som er 14 ar). Fremstillingen reflekterer at
Greulich og Pyle-atlaset opprinnelig er utviklet for a beskrive barns normale skjelett-
modning. Flere av de inkluderte studiene hadde som mal & utvikle nasjonale referanse-
standarder. Vi har oppsummert disse studiene, og funnet at samsvaret mellom GP skje-
lettalder og kronologisk alder i snitt er relativt godt, selv om visse aldersgrupper i en-
keltstudier kan ha en gjennomsnittsforskjell pa over ett ar. Disse studiene viser at
Greulich og Pyle-atlaset, som er utviklet basert pa rgntgenbilder av barn tatt pa 1930-
tallet, fremdeles beskriver normal skjelettutvikling relativt godt i ulike populasjoner
som er undersgkt de siste 10-15 arene. Imidlertid kan ikke standardavvikene som viser
hvordan GP skjelettalder fordeler seg fra kjent alder legges til grunn for prediksjonsin-
tervall hvis Greulich og Pyle-atlaset skal brukes til a estimere kronologisk alder (det vil
si et «xomvendt» scenario).

Analyser av hvordan kronologisk alder fordeler seg fra GP skjelettalder (fremstilling B)
er mest egnet for a ansla usikkerheten nar Greulich og Pyle-atlaset benyttes til krono-
logisk aldersestimering. Disse studiene ma imidlertid ha en studiepopulasjon som er
jevnt fordelt pa alder, og sgrge for at nedre og gvre aldersgrense ikke settes henholds-
vis for hgyt eller for lavt. For at resultatene skal bli sa riktige som mulig ma den inklu-
derte populasjonen veere tilstrekkelig stor, ha tilstrekkelig mange og omtrent like
mange individer i hvert alderstrinn samt dekke hele den forventede aldersspredningen
for de stadiene man gnsker d undersgke. Hvis ikke kan studien bli preget av fenomenet
aldersmimikering, og resultatene blir upalitelige. Vi vurderte at kun én studie unngikk
dette og hadde tilstrekkelig godt studiedesign til & gi en mer korrekt skildring av hvor-
dan kronologisk alder fordeler seg fra skjelettalderen: Chaumoitre 2016.

Fgrst nar det finnes flere tilsvarende studier er det mulig & vurdere metodens palitelig-
het pa tvers av studier, regioner og etnisiteter. En alternativ lgsning er et prosjekt der
man samler inn grunndata der observasjonene av kronologisk alder og modningssta-
dium er angitt per individ. Tilgangen pa slike radata vil ogsa gi mulighet til 4 statistisk
modellere dataene slik at effekten av aldersmimikering minimeres ogsa i datasett med
en ujevn aldersfordeling.

Konklusjon

Vi har oppsummert studiene som fremstiller GP skjelettalder fra kjent kronologisk al-
der, og funnet at samsvaret mellom GP skjelettalder og kronologisk alder i snitt er rela-
tivt godt, selv om visse aldersgrupper i enkeltstudier kan ha en gjennomsnittsforskjell
pa over ett ar. Disse studiene kan ikke legges til grunn nar Greulich og Pyle skal brukes
til & estimere kronologisk alder.

Studiene som viser hvordan kronologisk alder fordeler seg fra GP skjelettaldrene
(modningsstadiene) illustrerer direkte med hvilken usikkerhet Greulich og Pyle-atlaset
estimerer kronologisk alder for en populasjon. Vi fant kun én studie med fremstilling B
som hadde et palitelig studiedesign: Chaumoitre 2016. Denne studien viste at for den
inkluderte populasjonen vil 95 % prediksjonsintervall veere pa det minste 4 ar bredt og
pa det meste 5,9 ar bredt for gutter mellom 10 og 19 ar. Dette gir et inntrykk av hvor
stor variasjonen kan vaere nar metoden tas i bruk pa en gitt populasjon.
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For & utforske usikkerheten for Greulich og Pyle-atlaset til & estimere kronologisk alder
for andre populasjoner trengs det flere studier med tilsvarende studiedesign som
Chaumoitre 2016. En alternativ lgsning dersom grunndata hadde veert tilgjengelig, er a
anvende andre statistiske metoder for & unnga aldersmimikering av resultatene.
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Key messages (English)

The Greulich and Pyle atlas is used to estimate the age of children
and adolescents. This systematic review summarizes the scien-
tific evidence on the agreement between skeletal age from the
Greulich and Pyle atlas (hereafter called GP skeletal age) and
chronological age.

A total of 17 studies met our criteria. 13 studies presented re-
sults for GP skeletal age from chronological age, 2 presented re-
sults for chronological age from GP skeletal age and 2 were data-
sets which we used to present both types of results. These two
approaches are not comparable and we have therefore conduct-
ed two separate analyzes.

The difference between GP skeletal age and chronological age
was on average rarely more than one year for each age group.

The studies that presented the distribution of chronological age
from GP skeletal age are the most relevant if the Greulich and
Pyle atlas is used for age estimation. Here we did no meta-
analysis, since results from three of the four studies were so af-
fected by the phenomenon «age mimicry» that we do not have
confidence in the results. We considered that only one study was
conducted in such a way that it can adequately describe the
method's ability to estimate age.

10 Key messages (English)
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Executive summary (English)

Background

Every year, young unaccompanied asylum seekers arrive in Norway, many without
knowing how old they are or unable to document their age. To ensure that children re-
ceive their rights and that adults are not treated as children, it is necessary to assign a
chronological age for these individuals. Evaluation of skeletal maturation of the hand
and tooth development has been used for age assessment of asylum seekers in Norway
in cases of doubt. These methods have been criticized for their lack of precision, but
currently no better methods have been suggested.

In 2016, the Norwegian Institute of Public Health was assigned a national professional
responsibility to evaluate and improve the methods used for medical age estimation
(from 1.1. 2017 transferred with the Department of Forensic Sciences to Oslo Universi-
ty Hospital). Department of Forensic Sciences has, in cooperation with the Knowledge
Centre for the Health Services, conducted a systematic examination of the scientific ev-
idence on several of the medical age estimation methods.

The objective of this systematic review is to assess the scientific evidence on the
agreement between chronological age and bone age based on the maturation stages of
the Greulich and Pyle atlas (GP skeletal age), and, if possible, to describe any variations
between different populations.

Since the Greulich and Pyle atlas is the most widely used method for age estimating
based on x-ray of the hand, we chose to focus on this system. In parallel, we have also
conducted a systematic review of age estimation using Demirjians development stages
on wisdom teeth.

Method

We searched for studies in the Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE, Embase and Google Scholar. Our search date was May 2016. The lit-
erature search covered studies that use x-ray of the teeth or hand, and CT or MRI of the
clavicle, knee and ankle for age estimation of children and adolescents between 10 and
25 years. The search for studies that used the Greulich and Pyle atlas was updated in
January 2017. Two people independently read title and summary for 10640 references.
Of these, we found 658 potentially relevant publications for age estimation using x-ray
of the hand. Two people independently considered these studies in full text. We includ-
ed 17 studies with results that present age estimation based on the Greulich & Pyle at-
las. We included two different approaches to present the data (in this report referred to
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as approach A and B). Both approaches require a known chronological age and an ob-
served skeletal age:

A) is based on the chronological age and presents the average difference between
chronological age and GP skeletal age based on the maturation stages of the Greulich
and Pyle atlas for separate age groups (ages not combined in more than annual incre-
ments).

B) is based on the GP skeletal age and presents the average chronological age from GP
skeletal age in the Greulich and Pyle atlas.

Two people independently assessed risk of bias in the included studies by the QUADAS-
2 checklist to assess the quality of diagnostic accuracy studies.

Results

We found 17 studies that compared chronological age with skeletal age based on hand
x-ray and the GP atlas. The studies included from 68 to 2614 persons with known
chronological age. All but one study included both boys and girls. Three studies were
from Turkey, four studies from India, and one study each from Canada, China, France,
Iran, Italy, the Netherlands, Pakistan, Spain, Taiwan, and the United States respectively.
We considered that the majority of studies had either low or unclear risk of bias based
on the QUADAS-2 assessments. The exception was results from the studies with ap-
proach B, where three of four studies had a high risk of a particular form of selection
bias called “age mimicry”.

The majority of studies present results as the average difference between chronological
age and GP skeletal age within age groups (approach A). The analysis shows that the
variation between studies was greater than expected by chance, even though the varia-
tions between studies from different parts of the world were moderate. The difference
between GP skeletal age and chronological age rarely exceeded one year for the aver-
age of a group in single studies.

Four studies, including two that we analyzed based on the authors' original data, pre-
sent results as average chronological age within maturation stages from the Greulich
and Pyle atlas (approach B). We found that results from three of these studies were in-
fluenced by the age composition of the included study population. This bias has previ-
ously been described as “age mimicry”, which means that the average age observed in
each development stage is affected by the included age range and number of partici-
pants in each age group. Only one of the four studies with results using approach B had
a large study population with a relatively even distribution in age groups: Chaumoitre
2016. This study of a multi-ethnic population in Marseille (France), found that the dif-
ference between GP skeletal age from the atlas (maturation stages) was on average
never greater than 0.5 years from chronological age. Chaumoitre 2016 gives an appro-
priate estimate of the variation in age for this population if the atlas is to be used for
estimation of chronological age. The width of 95% prediction intervals for boys aged 10
to 19 years ranged from 4.0 years to 5.9 years.
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Discussion

We included studies with two different analytical approaches (approach A and B). Most
studies presented the average difference between chronological age and GP skeletal
age for separate age groups based on age cohorts (approach A). This approach provides
overall results for GP skeletal age for a group of individuals within an age cohort (for
example, all boys who are 14 years), and reflects that the original use of the Greulich
and Pyle atlas was to describe normal skeletal maturation. We have summarized these
studies, and found that on average there is a relatively strong association between GP
skeletal age and chronological age on a group level, although certain ages in individual
studies can have an average difference of more than one year. These studies show that
the GP atlas, which is based on radiographs taken of children in the 1930s, still de-
scribes normal skeletal development relatively well in different populations studied the
last 10-15 years. However, standard deviations from studies presented as approach A
cannot be used to estimate predict intervals if the GP atlas is used for estimation of
chronological age (which is a "reverse" scenario).

Studies on how chronological age is distributed from GP skeletal age (approach B) are
most appropriate to illustrate the uncertainty of the GP atlas when it is used for age es-
timation. However, these studies must have a study population with an even age distri-
bution, and ensure that the lower and upper age limits are appropriate. For the results
to be as correct as possible, the study population must be sufficiently large, have rough-
ly the same number of individuals in each age group and cover the entire expected age
range for the stages one aims to examine. Otherwise, the study will be affected by the
phenomenon age mimicry and the results will be unreliable. We considered that only
one study had a sufficiently good study design to describe appropriately how chrono-
logical age is distributed from skeletal age: Chaumoitre 2016.

More studies similar to this example are needed to evaluate the method’s ability to
predict age in different populations. An alternative solution is to assemble primary data
sets on chronological age and development stage for individuals. Such data will make it
possible to use statistical models in order to minimize the effect of age mimicry even in
datasets with an uneven age distribution.

Conclusion

We have summarized studies presenting GP skeletal age from known chronological age,
and found that there is good agreement between the average values of GP skeletal age
and chronological age, although certain age groups in individual studies may have an
average difference of about one year. These studies cannot be used to estimate predic-
tion intervals if the GP atlas is used for age estimation.

The studies showing how chronological age is distributed from GP skeletal ages (matu-
ration stages) are most appropriate to illustrate the uncertainty of the GP atlas when it
is used for age estimation. We found only one study with approach B that had a reliable
study design: Chaumoitre 2016. This study showed that for the included population,
95% prediction intervals vary from 4 years to 5.9 years for boys between 10 and 19
years. This illustrates the uncertainty of the method when it is used on a given popula-
tion to estimate age.
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To explore the uncertainty of the Greulich and Pyle atlas for age estimation in other
populations, more studies with the design of Chaumoitre 2016 is needed. An alterna-
tive solution is to assemble primary data sets of chronological age and development
stage for individuals, and apply statistical models to minimize the effect of age mimicry.
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Forord

Norske myndigheter overfgrte i 2016 det nasjonale ansvaret for aldersestimering av
enslige unge asylsgkere til Omrade for rettsmedisinske fag ved Folkehelseinstituttet
(na Avdeling for rettsmedisinske fag ved Oslo universitetssykehus). I samarbeid med
Kunnskapssenteret for helsetjenesten i Folkehelseinstituttet har vi kartlagt det
vitenskapelige grunnlaget for flere metoder som benyttes til medisinske aldersvurder-
inger.

I denne systematiske oversikten oppsummerer vi vitenskapelig dokumentasjon om
samsvaret mellom kronologisk alder og skjelettalder som definert i Greulich og Pyle-
atlaset for aldersestimering av tenaringer. Parallelt har vi utarbeidet en systematisk
oversikt om samsvaret mellom kronologisk alder og Demirjians utviklingsstadier for
visdomstenner (1). Vi har utfgrt et litteratursgk som ogsa inkluderte aldersvurdering
ved bruk av CT eller MR av krageben, kne eller ankel. Vi har valgt a skrive disse to sys-
tematiske oversiktene som separate dokument, men bruker den samme teksten pa
tvers av dokumentene der det er relevant. Dette gjelder spesielt i introduksjonen, i be-
skrivelse av metodene og i deler av diskusjonen.

Prosjektgruppen har bestatt av personer fra Folkehelseinstituttet (FHI) og Oslo Univer-
sitetssykehus (OUS):

e Pal Skage Dahlberg, forsker, prosjektlededer, OUS

e Annhild Mosdgl, seniorforsker, FHI

e Veslemgy Rolseth, forsker, OUS

e Kristoffer Yunpeng Ding, forsker/statistiker, FHI

e (yvind Bleka, forsker/statistiker, OUS

e Gyri Hval Straumann, forskningsbibliotekar, FHI

e Marianne Skjerven-Martinsen, forsker/lege, OUS

e Gerd Jorunn Mgller Delaveris, overlege/seksjonsleder, OUS

e Gunn Elisabeth Vist, seniorforsker/seksjonleder, FHI

Vi takker Signe Flottorp, Brynjar Fure og Torbjgrn Wislgff for intern fagfellevurdering
og Lil-Sofie Ording Miiller og Bjgrn Anton Graff for ekstern fagfellevurdering av rappor-
ten. Takk til Marit Johansen for fagfellevurdering av litteratursgket og Vigdis Under-
land, Jose F. Meneses-Echouez og Signe Flottorp for a ha lest artikler pa ulike sprak. Vi

takker ogsa van Rijn og medarbeidere og Zafar og medarbeidere som delte datasettene
fra sine studier for reanalyser.

Signe Flottorp Gunn E Vist Pal Skage Dahlberg
Avdelingsdirektgr Seksjonsleder prosjektleder
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Innledning

Det finnes mange situasjoner der det kan rade tvil rundt en ung persons reelle kronolo-
giske alder, blant annet i tilknytning til barnearbeid, prostitusjon, idrett, seksuell laval-
der, kriminell lavalder og asylsaker. I Norge er det primeert usikkerhet om alder i saker
der utlendingsmyndighetene er i tvil om asylsgkeren er mindrearig eller ikke. En enslig,
mindredrig asylsgker er en asylsgker under 18 ar som ikke har fglge av foreldre eller
andre med foreldreansvar. Ofte knytter det seg usikkerhet til unge asylsgkeres alder.
Dette er fordi mange land ikke har rutiner eller systemer for registrering av fgdsler og
fordi mange unge asylsgkere ikke kjenner til egen alder eller ikke kan dokumentere
dette. Alle personer som skal bli en del av det norske samfunnet ma fa en kronologisk
alder, og denne er avgjgrende for personens krav pa blant annet beskyttelse, helse-
hjelp, omsorg og utdannelse.

De europeiske landene har ulik praksis for medisinske aldersvurderinger og aldersfast-
settelse (2). I Norge er det Utlendingsdirektoratet som fastsetter alder. Dersom det
mangler dokumenter som kan bekrefte sgkernes alder eller identitet, er det aktuelt &
tilby sgkerne en medisinsk aldersundersgkelse. Nar medisinske aldersvurderinger er
gjennomfgrt inngar det som et underlagsmateriale for aldersfastsettelsen.

Fra 1. januar 2016 fikk Folkehelseinstituttet (na overfgrt med Rettsmedisinske fag til
Oslo Universitetssykehus) i oppdrag fra Helse- og omsorgsdepartementet a ha et over-
ordnet medisinskfaglig ansvar for de medisinske aldersvurderingene. Bakgrunnen for
dette var at Utlendingsdirektoratet selv ikke har faglig kompetanse til 4 vurdere kvali-
teten i de benyttede metodene eller til & drive forsknings- og utviklingsarbeid. Det var
derfor et gnske om at ansvaret skulle legges hos et offentlig medisinskfaglig miljg med
bred kompetanse innen sakkyndigvirksomhet og forskning.

Som et ledd i arbeidet for a bygge opp kompetanse innen medisinske aldersvurde-
ringer, ble det innledet et samarbeid mellom det rettsmedisinske miljget og Kunn-
skapssenteret for helsetjenesten i Folkehelseinstituttet. Det utfgres i den forbindelse
systematiske forskningsoppsummeringer for flere av de mest sentrale metodene som
ligger til grunn for dagens praksis for medisinske aldersvurderinger i Norge og Europa.

Det skjer en rekke biologiske endringer i takt med at et menneske vokser og utvikles.
Vurderingen av spesifikke utviklingsstadier danner grunnlag for medisinske aldersvur-
deringer. De mest brukte metodene internasjonalt er basert pa vurdering av skjelett-
(som oftest hand) og tannutvikling.

Nar det er tatt et rgntgenbilde av hand og handrot, kan man vurdere bildet opp mot et
graderingssystem som igjen vil gi et estimat av kronologisk alder. Det fins ingen kon-
sensus om hvilket graderingssystem som er best egnet til dette formalet, men systemet
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det finnes flest vitenskapelige publikasjoner pa er det sakalte Greulich og Pyle-atlaset
(3).

Formalet med denne systematiske oversikten er 8 sammenfatte den forskningsbaserte
dokumentasjonen om samsvaret mellom kronologisk alder og skjelettalder basert pa
modningsstadier fra Greulich og Pyle-atlaset, og eventuelt d belyse variasjoner mellom
populasjoner. Denne systematiske oversikten vil sammen med de andre kunnskaps-
oppsummeringene innga i et grunnlag for en videre drgfting og anbefaling av hvordan
medisinske aldersvurderinger bgr gjennomfgres i Norge.

Beskrivelse av Greulich og Pyle-atlaset

Skjelettalder (engelsk: bone age) vurderes ofte hos barn og unge for a kontrollere vekst,
vurdere vekstpotensial, estimere slutthgyde og falge skjelettmodning hos et enkelt in-
divid fordi dette pavirkes bade av biologisk variasjon og av en rekke endokrine tilstan-
der og pediatriske sykdommer. En slik kontroll gir informasjon om pasientens relative
skjelettmodning ved et gitt tidspunkt, og kan sammen med andre kliniske observasjo-
ner gi grunnlag for & vurdere om pasienten har en utvikling som faller utenom normal-
omradet. Hos normale barn og unge bgr skjelettalderen falle omtrent innen to stan-
dardavvik fra referansenormene. En kilde som beskriver referansenormene for skjel-
ettmodning er Greulich og Pyle-atlaset (3).

Denne bruken, det vil si vurdering av et individ opp mot normal skjelettalder, var bak-
grunnen for at Greulich og Pyle-atlaset ble utviklet. Valideringsstudien som er gjengitt i
Greulich og Pyle-atlaset er derfor bygd opp slik at den inkluderte populasjonen er
gruppert etter kronologisk alder, og at skjelettalderen (med gjennomsnitt og standard-
avvik) er beskrevet gruppevis for hver av disse kronologiske aldrene.

«The Radiographic Atlas of Skeletal Development of the Hand and Wrist» (3), ogsa
kjent som Greulich og Pyle-atlaset, ble fgrste gang publiserti 1950 av Dr. William Wal-
ter Greulich og Dr. Sarah Idell Pyle. Det er fremdeles en av de mest brukte referansen-
ormene for 8 bedgmme skjelettalder. Atlaset bestar av referansebilder for jenter og
gutter separat, og strekker seg fra fgdsel og opp til 18 ar for jenter og 19 ar for gutter.
Ved siden av hvert bilde star det en alder (i denne rapporten kalt GP skjelettalder).
Fordelingen av GP skjelettalder i atlaset er ikke identisk for gutter og jenter. Figur 1
viser modningsstadier for henholdsvis gutter og jenter fra ti ar og oppover.
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Gutter Jenter
10 ar 10 ar
11 ar 11 ar

11 ar og 6 maneder

12 ar og 6 maneder

13 ar 13 ar

13 ar og 6 maneder | 13 ar og 6 maneder
14 ar 14 ai

15 ar 15 a1

15 ar og 6 maneder

16 ar 16 ar

17 ar 17 a

18 ar 18 ar

19 ar

Figur 1: En oversikt over modningsstadier (bilder) i Greulich og Pyle-atlaset for henholds-
vis gutter og jenter fra 10 dr og oppover.

Ved siden av hvert bilde i Greulich og Pyle-atlaset star en beskrivelse av viktige end-
ringer man kan observere for dette stadiet. Metoden er komparativ, slik at den som
vurderer skjelettalderen til en person, finner bildet og beskrivelsen som ligner mest pa
rgntgenbildet som er tatt. Stadiene er det man kaller diskrete, som betyr at analysen
kun kan falle ned pa akkurat de modningsstadiene som er gitt i atlaset. Det star i mot-
setning til kronologisk alder, som er en kontinuerlig skala.

Atlaset ble bygd opp pa basis av ett datamateriale av hvite barn fra hgyere sosiogko-
nomiske kar i Ohio pa 1930-tallet. Bildene i atlaset er plukket ut ved at forfatterne
skjgnnsmessig fant det bildet de syntes best representerte et barn med alderen som
star oppgitt ved bildet. Individet kunne ha et reelt aldersavvik pa maksimalt +/-2 % fra
alderen som er angitt ved bildet. Forfatterne plukket ut 100 bilder av barn med samme
alder og kjgnn og sorterte bildene etter deres «relative skjelettstatus», fra den minst
modne til den mest modne. Sa plukket de ut et bilde som de syntes best representerte
den «sentrale tendensen». Dette bildet 13 ofte, men ikke alltid, omtrent i midten av de
100 sorterte bildene. Slik satte de sammen et atlas av omtrent 30 bilder av henholdsvis
jenter og gutter, ettersom jenters handskjelett modnes raskere enn gutter.

Bruken av Greulich og Pyle-atlaset

Den opprinnelige bruken av atlaset var altsa som verktgy for 8 bedgmme hvorvidt et
barn hadde en skjelettutvikling innen normalomradet og slik brukes det fremdeles i
klinisk praksis. Disse dataene er ikke direkte overfgrbare til estimering av kronologisk
alder, som er en situasjon der man gnsker a vise gjennomsnitt og variasjon for kronolo-
gisk alder fordelt fra et modningsstadium (det vil si fra bildene i atlaset som angir skje-
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lettalder). Det er en vesensforskjell mellom disse to matene a strukturere dataene p3,
selv om de reflekterer det samme fenomenet: korrelasjonen mellom modning av skje-
lettet og gkt kronologisk alder.

Det finnes en valideringsstudie i selve Greulich og Pyle-atlaset der det er angitt gjen-
nomsnitt (mean) og standardavvik (SD) for ulike aldersgrupper av henholdsvis jenter
og gutter. Resultatene av denne studien er oppgitt i atlasets tabell V og VI, og formalet
med disse tabellene er a kunne estimere hvorvidt et barn med kjent alder har en skjel-
ettutvikling innen normalomradet. De inkluderte barna i tabellen er derfor sortert etter
kronologisk alder fgr de statistiske dataene er oppgitt. Disse resultatene er derfor ikke
overfgrbare til en situasjon der man gnsker a gjgre «det motsatte»: a estimere kronolo-
gisk alder basert pa skjelettutviklingen. Statistikken for disse to situasjonene er ulik og
man ma legge ulike referansetabeller til grunn for beskrivelsen av disse.

[ atlaset er det heller ikke oppgitt standardavvik for gutter 18 og 19 ar og for jenter 16,
17 og 18 ar, som er de avsluttende bildene for henholdsvis gutter og jenter i atlaset.
Seerlig det helt avsluttende bildet (18 ar for jenter og 19 ar for gutter) er problematisk
ettersom dette angir en ferdig utviklet hand og dermed et endestadium. Hvis man skal
bruke GP-atlaset til aldersestimering er det to hovedutfordringer knyttet til endestadiet
og den statistiske beskrivelsen av dette:

1. Man vet ikke hvor lenge individene som er i endestadiet faktisk har vert der (altsa
kan en nittenaring med en helt ferdig utviklet hand ha vaert i dette stadiet siden
vedkommende var for eksempel 16 ar).

2. Nar man skal beskrive fordelingen av kronologisk alder for endestadiet vil denne
pavirkes av den gvre alderen for de inkluderte individer i studien som ligger til
grunn (det vil pavirke gjennomsnitt og standardavvik for endestadiet om man
inkluderer individer opp til for eksempel 20 ar i stedet for til for eksempel 22 ar).

Valideringsstudier av Greulich og Pyle-atlaset

Det finnes en stor mengde studier fra ulike deler av verden som har hatt som malset-
ning a validere Greulich og Pyle-atlaset. En del av disse studiene har gnsket a beskrive
hvordan GP skjelettalder fordeler seg for ulike aldersgrupper i deres populasjon. Dette
perspektivet samsvarer med Greulich og Pyle-atlasets opprinnelige intensjon og an-
vendelse. En annen del av studiene har gnsket & vise hvordan kronologisk alder forde-
ler seg fra GP skjelettalder. Disse studiene beskriver direkte hva et bilde i atlaset «be-
tyr» i kronologisk alder, og dette perspektivet er mer relevant for atlasets bruk til esti-
mering av kronologisk alder. Disse to typene av studier fremstiller resultatene pa ulikt
vis, her angitt som fremstilling A og B:

(A) Forskjell mellom kronologisk alder og estimert GP skjelettalder (Greulich og
Pyle modningsstadier) for hele aldersgrupper (f. eks. gutter mellom 13,0 og
13,9 ar).

(B) Hvordan den kronologiske alderen fordeler seg ut fra bildene i atlaset
(modningsstadiene eller GP skjelettalder)
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Fremstilling A Fremstilling B

Kronologisk alder Antall Skjelettalder GP age category n mean
Alle gutter alder 11 ar:
. 20 10.80 = 0.69 \ N 58
II”?"'_'”J‘J‘ b W v 58 11.09 1.11
Alle gutter alder 12 ar: \ ;
30 11.63 +0.84 — ST 11.98 0.90
1202 +0.23 "
Alle gutter alder 13 ar: \ .
¢ 2 1275+ 1.35 W T R )
13.07 £0.25 !
Alle gutter alder 14 &r: : 1418 £ 1.23 ' ‘-' _
14.05 £ 0.24 " IR \ —> 46 3% 097

Figur 2: Fremstilling A (venstre figur) beskriver gjennomsnitt og standardavvik for GP
skjelettalder for hver gruppe av kronologisk alder. Disse verdiene kan videre brukes til d
beskrive differansen mellom kronologisk alder og GP skjelettalder. Dette krever at ogsd
korrelasjonskoeffisienten mellom GP skjelettalder og kronologisk alder er oppgitt. Frem-
stilling B (hgyre figur) beskriver gjennomsnitt og standardavvik for kronologisk alder for
hver GP skjelettalder (angitt som et bilde i atlaset).

Det finnes ogsa flere andre mater a fremstille samsvaret mellom kronologisk alder og
GP skjelettalder. Disse er imidlertid ofte vanskelige 8 sammenligne og sammenstille, og
har derfor ikke blitt inkludert med kriteriene som vi har satt for denne systematiske

oppsummeringen.
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Metode

Vi har systematisk oppsummert studier som har vurdert samsvaret mellom kronolo-
gisk alder og GP skjelettalder for aldrene 14 ar og oppover basert pa rgntgenbilder av
hand sammenlignet med Greulich og Pyle-atlaset (3), samt kartlagt studier av andre
aldersestimeringssystemer basert pa handrgntgen. Siden vi arbeidet parallelt med flere
systematiske oversikter om aldersestimering, har vi utfgrt ett stort litteratursgk etter
metoder basert pa rgntgen av tenner eller hand, samt aldersvurdering ved bruk av CT
eller MR av krageben, kne eller ankel som sammenholdes med data pa kronologisk al-
der. Arbeidet baserte seg pd Kunnskapssenterets metodebok «Slik oppsummerer vi
forskning» (4), med fglgende spesifikasjoner:

Inklusjonskriterier

Studiedesign:  Studier som sammenlignet modningsstadier basert pa rgntgenbil-
der av hand med kjent kronologisk alder

Populasjon: Personer med bekreftet alder mellom 10 og 25 ar

Index test: Modningsstadier basert pa rgntgen av hand, slik som Greulich og
Pyle-atlaset.

Referansetest: Kjent kronologisk alder

Utfall: Gjennomsnittlig forskjell mellom kronologisk alder og GP skjelett-
alder: CA - SA.

Gjennomsnitt av kronologisk alder for hver GP skjelettalder.

Eksklusjonskriterier:

e Studier som ikke er presentert i fulltekst (konferanseabstrakt og postere)

e Studier som har inkludert dgde mennesker (f.eks. levninger)

e Studier som har inkludert feerre enn 50 personer mellom 10 og 25 ars alder

Litteratursgking

Bibliotekar Gyri Hval Straumann gjennomfgrte litteratursgket og Marit Johansen fagfel-
levurderte dette. Det ble utfgrt ett felles sgk for studier som utfgrte aldersestimering
basert pa rgntgen av tenner eller hdnd, samt CT eller MR av krageben, kne eller ankel til
aldersestimering i det angitte aldersspennet. Appendix 1 inneholder sgkestrategien.
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Vi sgkte etter primaerstudier uten tids- og sprakbegrensing i fglgende databaser:
e Cochrane Central Register of Controlled Trials (CENTRAL)
e MEDLINE (Ovid) og Pubmed [sb]
e Embase (Ovid)
e Google Scholar

[ tillegg sgkte vi i registre over pagdende studier som beskrevet i Appendix 1.

Artikkelutvelging

Alle identifiserte titler og sammendrag ble lest og vurdert av to prosjektmedarbeidere
uavhengige av hverandre. Vi benyttet web-programmet Rayyan til & handtere referan-
sene i utvelgelsen (5) og fordelte arbeidet mellom oss (PSD, KYD, AM, GHS, GEV). Vi
markerte hvilke av de potensielt relevante artiklene som omhandlet aldersestimering
basert pa tenner, hand eller CT og MR av kragebein, kne eller ankel. De utvalgte refe-
ransene for aldersestimering basert pd handrgntgen ble deretter vurdert i fulltekst av
to personer uavhengige av hverandre (PSD, KYD, AM, GEV, MSM) ut fra inklusjonskrite-
riene. Prosjektgruppen har lest og vurdert studier pa engelsk, skandinaviske sprak, ki-
nesisk, japansk og polsk. Vi har fatt hjelp av kolleger pa Folkehelseinstituttet til & vur-
dere studier pa fransk, tysk, spansk, portugisisk og italiensk. Vi har fatt hjelp av andre
bekjente til & vurdere studier pa russisk og hebraisk.

I tillegg vurderte vi om de relevante artiklene presenterte data pa en slik mate at de
kunne innga i analysene vdre. Resultatene matte enten vere presentert som gjennom-
snitt og standardavvik for kronologisk alder og GP skjelettalder, som differansen mel-
lom disse to, for hvert ar av kronologisk alder, eller som gjennomsnitt og standardavvik
av kronologisk alder for hver av modningsstadiene fra Greulich og Pyle-atlaset (GP
skjelettalder). I den fgrste fremstillingen matte ogsa korrelasjonskoeffisienten mellom
GP skjelettalder og kronologisk alder veere oppgitt. Studier basert pa andre aldersesti-
meringsmetoder pa handrgntgen enn Greulich og Pyle ble kartlagt.

Kvalitetsvurdering og dataekstraksjon

Vi vurderte den metodologiske kvaliteten av de inkluderte studiene ved hjelp av QUA-
DAS-2 (6). AM vurderte alle de inkluderte studiene og MSM, GEV og PSD ca 1/3 hver,
fgr vurderingene ble sammenlignet og eventuell uenighet 1gst ved diskusjon. QUADAS-
2 er en sjekKliste for a vurdere anvendbarhet og risiko for systematiske skjevheter i
valideringsstudier av diagnostiske tester. Vi anser at QUADAS-2 er den sjekklisten for
kvalitetsvurdering som passer best for denne systematiske oversikten. Vi tilpasset vur-
deringen av risikoen for systematiske skjevheter som beskrevet under.

QUADAS-2 sjekklisten har fire domener (6): Utvelgelse av deltakere; Indekstest; Refe-
ransetest; og Flyt og tidsaspekt. | metoden er det angitt stgttespgrsmal som benyttes i
vurderingen. Det fgrste domenet vurderer om det er risiko for at deltakere er valgt slik
at resultatene ikke blir representative for populasjonen de kom fra (seleksjonsskjev-
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het). Det andre domenet vurderer om det kan vaere risiko for systematisk skjevheter
ved gjennomfgring eller tolkning av indekstesten - i dette tilfellet spesielt om de som
vurderte rgntgenbildet hadde kjennskap til barnets kronologiske alder. Siden kjent al-
der var et inklusjonskriterium vurderte vi at alle studiene hadde lav risiko for systema-
tisk skjevheter for domenet «Referansetest». I domenet «Flyt og tidsaspekt» vurderes
det om gjennomfgring av studien og analysene er utfgrt pa en slik mate at systematiske
skjevheter ikke introduseres underveis.

Ujevn fordeling av alder og aldersspennet til studiepopulasjonen kan gi opphav til fe-
nomenet aldersmimikering (7) (illustrert i figur 3).

Aldersmimikering oppstar nar individene som er inkludert i en studie ikke har jevn aldersfor-
deling, enten ved at visse aldersgrupper er overrepresentert eller at nedre og/eller gvre ink-
luderte alder er slik at det kan pavirke resultatene. Problemet kan oppsta nar man forsgker &
skildre en variabel (her kronologisk alder) ved a fordele individene pa diskrete stadier (her
modningsstadium) og deretter beskriver variabelen per stadie.

La oss si man gj@r en studie som inkluderer
\;’% N 30 individer, fordelt likt pa tre aldersgrup-
‘%P_;‘.m per: 14 ar (bld), 15 ar (oransje) og 16 &r
(grenn). Disse kan fordele seg i atte mulige
; utviklingsstadier angitt med bokstavene A til
@ g §3° 8E° °83 ®§ @3 H. | den tenkte studien fordeler aldersgrup-
o pene seg i de atte stadiene som til venstre.
c o "
Sa bestemmer man seg for 3 doble antallet
fjortenaringer i studien, men beholder
antallet femten- og sekstenaringer. Ut-
gangspunktet er illustrert pa bildet til
venstre. Illustrasjonen viser et eksempel
g g”“ 333 83° gqg o:-;-g \':-“Jg pa hvordan disse individene kan fordele
g 330 8o e seg pa stadiene.
c c

Hvis vi betrakter stadium D i de to eksemplene er det dpenbart at disse to oppsettene vil gi
sveert ulik gjennomsnittsalder i dette stadiet (fjortenaringene blir mer dominerende pa det
nederste bildet). | tillegg vil giennomsnittsverdien og standardavvik pavirkes av at det ikke
finnes individer som er 13 ar eller yngre, samt 17 ar og eldre. For a unnga effekten av al-
dersmimikering i denne typen studier ma man undersgke tilstrekkelig mange individer som er
jevnt fordelt i kronologisk alder og at aldersspennet minst dekker de modningsstadiene man
er interessert i.

Figur 3: Illustrasjon av fenomenet aldersmimikering (7)(engelsk: age mimicry).

Aldersmimikering er en form for seleksjonsskjevhet, forstatt som forskyvning av resul-
tatene som fglge av fremgangsmaten for innsamling av prgver. | QUADAS-2 sjekklisten
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faller fenomenet aldersmimikering inn under kategorien spektrumbias - som er et un-
derpunkt under domenet «Utvelgelse av deltakere» (6). Vi vurderte derfor studiene
opp mot to ekstra spgrsmal: 1) Om det var likt antall deltakere i arskull, og 2) om al-
dersspennet var relevant for de analyserte modningsstadiene. Siden aldersmimikering
kan ha stor innvirkning pa de aktuelle statistiske analysene har vi vurdert dette forhol-
det separat for a tydeliggjore den relevante informasjonen.

VR, AM og GEV hentet ut informasjon om populasjonen (alder, etnisitet/region og
kjgnn), land og arstall for nar studien var utfgrt, informasjon om studiedesign og hvilke
aldersestimeringsmetoder som var benyttet, og informasjonen ble sjekket av en annen
person. KYD hentet ut relevante data fra studiene og PSD dobbeltsjekket uttrekket. Vi
hentet ut informasjon om:

. Hvor studien var gjennomfgrt, og eventuelt informasjon om etnisitet
. Datainnsamlingsperiode

. Deltakernes kjgnn, alder og antall

. Studiedesign

. Metode for a velge ut deltakerne

. Informasjon om aldersestimeringsmetoden

. Formalet med studien

Vi hentet ut fglgende data (avhengig av hvordan resultatene var oppgitt):

e (Gjennomsnitt og standardavvik (SD) av kronologisk alder (CA)

e Gjennomsnitt og SD av GP skjelettalder (SA)

e Gjennomsnittet av differansen mellom CA og SA for gitte kronologiske
alderskategorier (hele eller halve ar)

e Korrelasjonskoeffisienten (Pearson’s) mellom CA og SA.

Analyser

For studier som kun oppga kvartilene av kronologisk alder, og ikke standardavvikene
(SD), beregnet vi SD ved bruk av normalantagelse.

For den fgrste analysen er vi interessert i 4 beskrive hvordan differansen mellom kro-
nologisk alder og GP skjelettalder, CA-SA, fordeler seg (basert pa fremstilling A). Noen
av studiene beregnet SD av denne differansen direkte (basert pa differansene pa indi-
vidniva), mens andre studier oppga SD av kronologisk alder og GP skjelettalder, og kor-
relasjonen mellom disse to variablene. For de sistnevnte studiene estimerte vi SD for
differansen mellom kronologisk alder og GP skjelettalder (for gitte kronologiske al-
derskategorier) med fglgende formel:

SDgifr = \/SDEA + SDZ, — (2 % Corr * SD¢4 * SDg4)

der SD.4 er SD av kronologisk alder, SDs, er SD av GP skjelettalder og Corr er korrela-
sjonskoeffisienten mellom CA og SA.

De studiene som oppga gruppert gjennomsnitt og SD av kronologisk alder og GP skjel-
ettalder, men ikke korrelasjonskoeffisienten, ble satt til separat liste.
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Databehandling av originale datasett

For mange studier manglet det informasjon slik at vi ikke kunne inkludere dem i me-
taanalysen. For alle disse studiene etterspurte vi den ngdvendige informasjonen for a
kunne inkludere dem. Vi mottok det originale datasettet fra to av disse studiene. Fra
disse ekstraherte vi ngdvendig informasjon slik som beskrevet ovenfor, og inkluderte
dem i metaanalysen.

Utfallsmal i analysene

Det er to primzere utfall i dette prosjektet:

o Gjennomsnittlig forskjell mellom kronologisk alder og GP skjelettalder: CA - SA.
o Gjennomsnitt av kronologisk alder for hver gitte GP skjelettalder.

Estimatene av disse to malene presenteres med 95% konfidensintervall (95 % KI).

Ved a beregne gjennomsnittlig forskjell mellom kronologisk alder og GP skjelettalder
far vi malt hvor presist Greulich og Pyle-atlaset angir kronologisk alder pa popula-
sjonsnivd/gruppeniva. Gjennomsnitt og varians av kronologisk alder for hver gitte GP
skjelettalder vil vaere knyttet til & kunne ansla hvilken kronologisk alder som bgr opp-
gis (prediksjon) for en person som har observert en gitt skjelettalder (praksis).

Statistisk utfgrelse

Vi utfgrte metaanalysen ved bruk av statistikkprogrammet R (versjon 3.3.2) med R-
pakken "metafor”. Denne utfgrer inferens om heterogeniteten mellom studiene ved a
anta en «random effects» modell.

Vurdering av heterogenitet

For & vurdere statistisk heterogenitet mellom studiene, benyttet vi p-verdien fra hete-
rogenitetstesten (basert pa «Cochran’s Q» testobservator), og andel av den totale varia-
sjonen som kan forklares av heterogenitet ved 12. Dersom p-verdien fra testen er lav
(f.eks. <0,1), indikerer dette at den observerte forskjellen mellom studiene er stgrre
enn forskjellen man forventer ved tilfeldig variasjon mellom resultatene i studiene. 12
statistikken anvendes for d kvantifisere nivaet av statistisk heterogenitet. En viktig
konsekvens av vurderingen om heterogenitet er at der det er stor heterogenitet mellom
studiene, sd ma det samlede resultatet fra en metaanalyse tolkes med forsiktighet.

Etikk

Vi har valgt 4 ikke ha en drgfting av etikk i denne rapporten. De etiske aspektene ved
aldersestimering basert pa Greulich og Pyle-atlasets modningsstadier er spesielt knyt-
tet til hvordan metoden anvendes. Dette drgftes i flere andre publikasjoner (8-10).
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Resultater

Resultater av litteratursgket

Seket i elektroniske databaser og registre fram til mai 2016 ga 10059 antatt unike refe-
ranser. | tillegg utfgrte vi et oppdateringssgk kun etter studier som benyttet Greulich og
Pyle-atlaset i januar 2017. Dette ga ytterligere 581 treff. Vi vurderte at 9982 referanser
enten ikke var relevante eller de ble vurdert i fulltekst for ett av de andre delprosjekte-
ne. Vi hentet inn 658 publikasjoner i fulltekst som vi antok kunne veaere relevante for
aldersestimering basert pa handrgntgen. Vi inkluderte 17 studier. Hindtering av de
resterende 641 referansene beskrives under.

Referanser identifisert giennom
databasesgk og registre (n = 10059) +
Ekstra sgk for Greulich og Pyle (n = 581) Referanser ekskludert basert pa

vurdering av tittel og sammendrag

v

& eller vurdert i fulltekst for et annet
delprosjekt (n = 9982)

Referanser hentet inn for vurdering i
fulltekst (n = 658)

Fulltekst-artikler ekskludert, med
begrunnelse (n = 408)

L4

Studier med relevante datasett som
har benyttet Greulich og Pyle-
atlaset (n = 109)

v

v

Studier med andre system enn
Greulich og Pyle-atlaset (n = 124)

Inkluderte studier med handrgntgen og
Greulich og Pyle-atlaset (n =17)

Figur 4: Flytskjema for sgkeresultater og hdndtering av referanser

[ tillegg kontaktet vi forfattere som hadde relativt store, relevante datasett, men hvor
resultatene ikke var presentert slik i publikasjonen at de kunne benyttes i de planlagte
analysene. Vi spurte om forfatterne var villige til a gi ytterligere opplysninger eller pre-
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sentere resultatene slik at de kunne innga i analysene, alternativt om de var villige til
dele det originale datasettet slik at vi kunne reanalysere disse.

Beskrivelse av de inkluderte studiene

Vi inkluderte 17 studier som analyserte samsvaret mellom kronologisk alder og skjel-
ettalder basert pd modningsstadier fra Greulich og Pyle-atlaset. Tabell 1 gir en enkel
beskrivelse av de inkluderte studiene. Ytterligere beskrivelser finnes i Appendix 2.

Tabell 1: Beskrivelse av de inkluderte studiene

Forfatter id Land Etnisitet* Antall** Gutter/ Aldersspenn
(referanse) eller region jenter
Bala 2010 (11) India Nord-vest 160 80/80 8-14 ar
Buken 2007 (12) Tyrkia Nord-vest, 492 251/292 11-20 ar
Kaukasiere
Cantekin 2012 (13) Tyrkia @st 767 342/425 7-17 ar
Chaumoitre 2016 (14) Frankrike Etnisk variert 2614 1423/1191 1-20ar
Chiang 2005 (15) Taiwan - 370 230/140 0-18 ar
Griffith 2007 (16) Kina Hong Kong 535 276/259 0-18 ar
Jimenez-Castellanos 1996 Spania Ser 239 139/100 0-14 ar
(17)
Johnston 1963 (18) USA «White» 120 58/62 7-17 ar
Koc 2001 (19) Tyrkia Sgr-@st 255 255/0 7-17 ar
Mohammed 2015 (20) India Andhra 660 330/330 9-20 ar
Pradesh
Nahid 2010 (21) Iran Kurdistan 228 102/126 2-22 ar
Patel 2015 (22) India Gujarat 180 90/90 6-16 ar
Patil 2012 (23) India Maharashtra 375 194/181 0-19 ar
Suri 2013 (24) Canada «White» 68 35/33 9-18 ar
Tise 2011 (25) Italia Kaukasiere 484 349/125 11-19 ar
Van Rijn 2001 (26) Nederland Kaukasiere 572 278/294 5-20 ar
Zafar 2010 (27) Pakistan Etnisk variert 889 535/354 0-18 ar

* Basert pd eventuell betegnelse benyttet av artikkelforfatterne.

** Totalt antall deltakere og aldersspenn inkludert i studien. | analysene av differansen mellom kro-
nologisk alder og estimert skjelettalder er kun drskullene fra 14 Gr og oppover inkludert.

For ytterligere detaljer om gjennomfgring av studiene, se Appendix 2.

De fleste artiklene var publisert etter 2000, med unntak av to studier publiserti 1963
og 1996. Det var tre studier fra Tyrkia, fire studier fra India, og én studie hver fra hen-
holdsvis Canada, Frankrike, Italia, Iran, Kina, Nederland, Spania, Taiwan, Pakistan og
USA. Alle studiene inkluderte begge kjgnn, bortsett fra én studie som bare undersgkte
gutter (19). I tabell 1 er totalt antall deltakere og aldersspenn i studien presentert. Stu-
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diene varierte i stgrrelse fra kun 68 deltakere (24) til totalt 2614 deltakerne (14). Det
smaleste aldersspennet i studien var fra 8-14 ar med totalt 7 arskull (11), og det bre-
deste var 2-22 ar med 21 arskull (21). I vare analyser av differansen mellom kronolo-
gisk alder og GP skjelettalder (fremstilling A) er kun arskullene fra 14 ar og oppover
inkludert. For analyser av gjennomsnittlig kronologisk alder fra GP skjelettalder (frem-
stilling B) er hele studiepopulasjonen benyttet. Vi mottok og reanalyserte datasett fra
to studier av van Rijn og medarbeidere (26) og Zafar og medarbeidere (27).

Andre studier vurdert fra fulltekst

Studier basert pa Greulich og Pyle-atlaset med mulig relevante datasett

Vi identifiserte ytterligere 109 studier som hadde samlet inn data bade av handskjel-
ettmodning basert pa Greulich og Pyle-atlaset og kronologisk alder. Disse studiene ble
lagt til side fordi resultatene var presentert pa en slik mate at de ikke kunne inkluderes
i vare analyser. Noen av disse studiene var analysert med tanke pa en annen problems-
tilling enn var. Vi har samlet informasjon om disse studiene fordi de representerer mu-
lige relevante datasett for videre analyser. Vi mener at videre arbeid i stgrst mulig grad
bgr basere seg pa datasett som allerede finnes snarere enn a utfgre flere nye studier.
Appendix 3 inneholder en oversikt over disse studiene.

Studier som benytter andre indeks-tester enn Greulich og Pyle

Ytterligere 124 studier hadde validert aldersestimeringsmetoder med utgangspunkt i
rgntgenbilder av hand som benyttet andre indeks-tester enn Greulich og Pyle-atlaset.
Appendix 4 gir en oversikt over disse studiene.

Ekskluderte studier

Av de 658 referansene som ble innhentet i fulltekst, ekskluderte vi 408 etter vurdering
mot inklusjons- og eksklusjonskriteriene. Se Appendix 5 for liste over ekskluderte stu-
dier med begrunnelse for eksklusjon. Blant disse var det ogsa 19 artikler som ikke ble
hentet inn fordi de var vanskelig a skaffe til veie eller sveert dyre i innkjgp.

Kvalitetsvurdering av inkluderte studier basert pa QUADAS-2

Basert pa spgrsmalene i QUADAS-2 sjekklisten (6) vurderte vi at sju studier hadde lav
risiko og ti studier hadde uklar risiko for at deltakere ikke var representative for popu-
lasjonen de kom fra. Fjorten studier hadde spesifisert at de som vurderte rgntgenbilde-
ne var blindet for deltakernes kronologiske alder, mens de gvrige ikke omtalte blinding
(uklar risiko for systematisk skjevhet). Siden kjent kronologisk alder var et inklusjons-
kriterium vurderte vi at alle studiene hadde lav risiko for systematisk skjevhet for refe-
ransetesten. Vi vurderte at én av studiene hadde ekskludert deltakere underveis i ana-
lysene pa en slik mate at det introduserte hgy risiko for systematiske skjevheter (15).
For ytterligere fire studier vurderte vi at det var uklart om flyt og tidsaspekt i studien
kan ha introdusert systematiske skjevheter i resultatene.
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Tabell 2: Kvalitetsvurdering av de inkluderte studiene basert pd QUADAS-2 sjekklistens
fire domener, samt ekstra vurdering av risiko for aldersmimikering.

Domener for kvalitetsvurdering basert pa QUADAS-2

Seleksjonsskjevhet Tolkningav ~ Referanse- Flyt og
indekstesten test tidsaspekt
Forfatter, ar Utvelgelse av Alders-
deltakere mimikering ?
Bala 2010 ? : ®
Buken 2007 @ - &
Cantekin 2012 ? . ®
Chaumoitre 2016 . . .
Chiang 2005 ? # &
Griffith 2007 ? # ?
Jimenez-Castellanos 1996 ? s ?
Johnston 1963 ? E
Koc 2001

Mohammed 2015

Nahid 2010

Patel 2015

-o.-o.-o
1

Patil 2012

Suri 2013

Tise 2011

1
® 000> 000 > 000000 -
® 0000006 O O66O6 66 0o

® 0

(¢ B

Van Rijn 2001

® 000 00 >0 0=

Zafar 2010 ® O:

. Lav risiko, ? uklar risiko og . hgy risiko for systematiske skjevheter i studien.

1 Vurderingene gjelder for studier med analyser i fremstillingsmdte B.

2 Hay risiko for systematisk skjevhet i aldergruppene 18 og 19 ér.

3 Forfatterne har gitt oss tilgang til originale data som er re-analysert for denne systematiske oversik-
ten med fremstillingsmdte B. Symbolet @ viser at antall individer og fordeling mellom aldersgrupper
gir hgy risiko for aldersmimikering i disse analysene.

For ytterligere detaljer om gjennomfgring av studiene, se beskrivelser i Appendix 2.

[ analyser av gjennomsnittlig kronologisk alder i modningsstadier fra Greulich og Pyle-
atlaset er det risiko for systematiske skjevheter i form av aldersmimikering (7). Fire
studier inngikk i disse analysene. Vi vurderte at kun én av studiene hadde en inkludert
populasjon med et relativt likt antall deltakere fra hvert arskull og at aldersspennet var
relevant for de analyserte modningsstadiene. Vi vurderte at risikoen for systematiske
skjevheter i form av aldersmimikering i denne ene studien var lav. I de tre andre studi-
ene var det stor variasjon i antall deltakere per arskull. En av disse hadde ogsa et rela-
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tivt smalt aldersspenn med deltakere fra 11 til 19 ar (8 arskull). Vi vurderte at risikoen
for systematiske skjevheter i form av aldersmimikering i disse tre studiene var hgy.

Differansen mellom kronologisk alder og GP skjelettalder

Femten studier presenterte resultater som differansen mellom kronologisk alder og GP
skjelettalder for hver aldersgruppe separat (fremstillingsmate A). For tre av disse stu-
diene (16;26;27) var hvert ar definert med levedrets start som midtpunkt (f.eks. barn i
et alderskull fra 13,5 ar til 14,49 ar) mens de resterende studiene definerte halvaret
som midtpunkt (f.eks. barn i et alderskull 13,0 ar til 13,99 ar). Siden resultatene omfat-
ter separate analyser av to kjgnn og mange arskull har vi valgt & legge alle analyser i
Appendix 6 og kun presentere eksempler og oppsummeringer i teksten.

Vi vurderte fgrst om det var hensiktsmessig 8 sammenfatte resultatene fra disse studi-
ene i metaanalyser. Alle studiene hadde tilsvarende design og gjennomfgring, og var
godt utfgrt for denne problemstillingen. Studiedeltagerne er gruppert for kronologisk
alder far resultatene fremstilles, og aldersfordeling av deltakere i studiene som helhet
vil derfor ikke pavirke resultatene. Vi vurderte at studiepopulasjonene kunne betraktes
som én populasjon - det vil si barn og unge i en gitt aldersgruppe. Vi vurderte at det
ikke var tilstrekkelig informasjon til 4 gruppere studiene i kategorier etter region eller
etnisitet av deltakerne.

Appendix 6 inneholder alle metaanalysene av differansen mellom kronologisk alder og
estimert skjelettalder for alle aldersgrupper fra 14 ar til 19 ar for gutter (Figurene A1-
A6) og fra 14 ar til 18 ar for jenter (Figurene A7-A11). Figurene 5 og 6 viser disse ana-
lysene for gutter og jenter med kronologisk alder 17 ar. Arskullet 17 &r er valgt som
eksempel fordi det ligger mellom to viktige grenseverdier i mange juridiske sammen-
henger. Figur 5 viser resultatene fra 11 studier for gutter og figur 6 resultatene fra 11
studier for jenter. For hver studie angis antall observasjoner, den gjennomsnittlige dif-
feransen mellom kronologisk alder og GP skjelettalder for alle deltakerne, samt usik-
kerheten i estimatene som 95% KI! for gjennomsnittet i hver studiepopulasjon. Dette
presenteres bade som et punktestimat med en vannrett linje for 95% KI og som tall til
hgyre i figurene. Flere studier bidro med relativt fa observasjoner, fra kun 4 deltakere
fra én studie til maksimalt 31 deltakere i dette alderskullet.

1 Klammene pa hver side av firkantene angir 95% konfidensintervall for populasjonsgjennomsnittet som
studien baserer seg pa. Gjennomsnittsverdien vil variere hvis man hadde gjort studien flere ganger for
samme populasjon. Konfidensintervallet angir usikkerheten pa estimatet av populasjonsgjennomsnittet.
Det vil si at dersom samme studie hadde veert utfgrt med samme antall pd samme populasjon, ville popula-
sjonsgjennomsnittet havnet innen disse klammene med 95% sannsynlighet (eller 95 av 100 ganger). Jo
smalere konfidensintervall jo mer presist vil estimatet for populasjonsgjennomsnittet veere. Konfidensin-
tervallet blir generelt bredere dersom estimatet er basert pa feerre observasjoner.
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Figur 5

Authors Year Country Size Mean difference [95% CI]

Gutter,

17 ar Griffith 2007 Hong Kong 8 —a— -0.82 [-1.08, -0.56]
van Rijn 2001 Netherlands 9 —— 0.03 [-0.38, 0.44]
Zafar 2010 Pakistan 19 _— 0.24 [-0.57, 1.05]
Suri 2013 Canada 31 — -0.60 [-0.95, -0.25]
Patil 2012 India 8 P 0.55[-0.03, 1.13]
Mohammed 2015 India 30 — -0.53[-0.94, -0.12]
Chiang 2005 Taiwan 28 —— -0.22 [-0.44, -0.00]
Koc 2001 Turkey 4 —— -0.52 [-1.02,-0.02]
Buken 2007 Turkey 27 - -0.95 [-1.24, -0.66]
Cantekin 2012 Turkey 17 i 0.02[-0.12, 0.16]
Johnston 1963 USA 10 — -0.42[-1.11, 0.27]
RE Model (Test for heterogeneity, P = 0.00; P= 85.5%) ——— -0.33 [-0.59, -0.06]

T T T T T 1
45 1 05 0 05 1 15
Age difference (CA-SA)

Figur 6

Jente r Authors Year Country Size Mean difference [95% CI]

17 ar Grifith 2007 Hong Kong 7 —_— 0.01 [-0.58, 0.60]
van Rijn 2001 Netherlands 22 —a— 0.30[0.05, 0.55]
Zafar 2010 Pakistan 8 —_— -0.70 [-1.09, -0.31]
Suri 2013 Canada 16 e -0.10 [-0.48, 0.28]
Patil 2012 India 7 L 0.44[0.06, 0.82]
Mohammed 2015 India 26 —— -0.51[-0.71, -0.31]
Chiang 2005 Taiwan 5 L 0.07 [-0.34, 0.48]
Buken 2007 Turkey 23 —a— -0.17 [-0.41, 0.07]
Cantekin 2012 Turkey 18 i -0.03[-0.17, 0.11]
Johnston 1963 USA 13 —— -0.58 [-0.88, -0.28]
RE Model (Test for heterogeneity, P = 0.00; ?= 85.4%) —— -0.13 [-0.37, 0.10]

T T T T T 1

-1.5 -1 -0.5 0 0.5 1 15
Age difference (CA-SA)

Figurene 5 og 6: Differansen (i dr) mellom kronologisk alder og GP skjelettalder (mod-
ningsstadier fra Greulich og Pyle-atlaset) i de inkluderte studiene for henholdsvis gutter

og jenter med kronologisk alder 17 dr.
CA: kronologisk alder; SA: GP skjelettalder; 95% CI: 95 % konfidensintervall for gjennomsnittet

For alderskullet 17 ar varierer gjennomsnittsdifferansen mellom kronologisk alder og
GP skjelettalder i de ulike studiene fra en underestimering pa 0,95 ar til en overestime-
ring pa 0,55 ar for gutter og en underestimering pa 0,70 ar til en overestimering pa
0,44 ar for jenter. Metaanalysen (angitt med «diamanten» og verdiene under hver av
figurene) viser en samlet gjennomsnittsforskjell over alle studiene mellom kronologisk
alder og GP skjelettalder pa -0,33 ar (95% KI: -0,59 til -0.06) for gutter og -0,13 ar (95%
KI: -0,37 til 0,10) for jenter. For begge kjgnn er det samlede gjennomsnittlige avviket
mellom kronologisk alder og GP skjelettalder derfor mindre enn fire maneder. Sammen
med relativt snevre konfidensintervall bekrefter disse analysene at det er et godt sam-
svar mellom kronologisk alder og GP skjelettalder pa gruppeniva.

Resultatene fra heterogenitetstestene i figur 5 og 6 viser imidlertid at det er stgrre va-
riasjon/forskjell mellom disse studiene enn det man vil forvente bare pa grunn av til-
feldigheter. Andelen av variansen i metaanalysene som kan tilskrives heterogenitet
angis ved [2-verdien og er pa 86 % for guttene og 85 % for jentene. I diskusjonen drgf-
ter vi hvilke faktorer som kan ha bidratt til denne heterogeniteten. Vi valgte a ikke ga
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videre med analyser for a forsgke a forklare hvilke faktorer som kan ha bidratt til hete-
rogeniteten (se Diskusjons-kapittelet for begrunnelser).

Hvis man ser pa gjennomsnittsdifferansene mellom kronologisk alder og GP skjelettal-
der i individuelle studier slik de er presentert for alle arskull av gutter fra 14 ar til 19 ar
(Figurene A1-A6) og fra 14 ar til 18 ar for jenter (Figurene A7-A11) kan man trekke ut
folgende funn: vi ser at denne gjennomsnittlige differansen mellom de to variablene i
hver studie sjelden overstiger ett ar for gutter (kun i 4 av totalt 58 verdier). For gutter i
alderen fra 17 ar til 19 ar er disse differansene aldri over ett ar. For jenter er variasjo-
nen noe stgrre (6 av 52 har gjennomsnittsdifferanse pa mer enn ett dr), men ogsa for
de eldste jentene (17 og 18 ar) er gjennomsnittsdifferansene fra individuelle studier
aldri over ett ar. Dette til tross for at det er relativt fa observasjoner for hver alders-
gruppe i flere av studiene. Figur 7 presenterer det samlede estimatet fra hver av me-
taanalysene for gutter og jenter i alle arskull (hentet fra Figurene A1-A11).

Gjennomsnittsforskjell mellom CA og SA [95% KI]

Kjenn CA 2 p-verdi

B =08 0 0.5 B,
Gutter 14 89% <0.0001 0.13 [-0.15,0.41] e —
Gutter 15 81% <0.0001 =0.13 [-0.51,0.25] R
Gutter 16 93% <0.0001 -0.24 [-0.66,0.19] ————
Gutter 17 86% <0.0001 -0.33 [-0.59,-0.06] e ——
Gutter 18 81% <0.0001 0.14 [-0.23,0.51] D i
Gutter 19 0% 0.54 0.47 [0.35,0.58] -
Jenter 14 78% <0.0001 -0.49[-0.73,-0.25] ———
Jenter 15 89% <0.0001 -0.52 [-0.94,-0.1]  ————TE——
Jenter 16 90% <0.0001 -0.39 [-0.67,-0.11] e ——
Jenter 17 85% <0.0001 -0.13[-0.37,0.1] *-—-—
Jenter 18 53%  0.07 0.42[0.27,0.58] g

Figur 7: Samlet gjennomsnittsdifferanse (95 % KI) mellom kronologisk alder og GP skjelettalder
fra metaanalysene for alle analyserte drskull og begge kjonn. Figuren angir ogsd p-verdi fra hete-
rogenitetstesten og andelen av den totale variasjonen som kan forklares av studieheterogenitet
gjennom [2-verdien. Hver diamant illustrerer estimert gjennomsnitt med 95% konfidensintervalle-
ne.

Figuren viser at gjennomsnittsforskjellen mellom estimert alder og skjelettalder ligger
tett pa verdien 0. Gutter 19 ar og jenter 18 ar er den hgyest mulige skjelettalderen (en-
destadiet), noe som gjgr at kronologisk alder ngdvendigvis blir hgyere enn skjelettal-
der for begge disse gruppene. For gutter 19 ar blir heterogeniteten (uttrykt ved I12- ver-
diene) sveert lav som en fglge av at analysen kun bestar av to studier som har sveert like
resultater. For de gvrige aldrene var det gjennomgaende stgrre variasjon mellom hver
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studie i metaanalysene enn det man kan forvente bare pa grunn av tilfeldigheter, angitt
som p-verdier og [2- verdiene som varierer fra 53 % til 93% for alle aldersgruppene.
Mulige arsaker til heterogeniteten og var vurdering om & ikke utfgre videre analyser av
denne er lik for alle aldersgruppene (se diskusjonskapittelet).

Fra figur 7 kan man se en viss tendensen til at samlet sett (pa tvers av alle studiene) har
yngre og eldre gutter (14 og 18 ar) noe hgyere gjennomsnittlig kronologisk alder enn
GP skjelettalder. For de andre aldersgruppene ser vi ingen systematisk forskjell mellom
GP skjelettalder og den kronologiske alderen. For jentene observerer vi at GP skjelett-
alder i gjennomsnitt ligger foran kronologisk alder frem til og med 17 ar. Disse trende-
ne er basert pa en sammenstilling av flere studier, men kan likevel skyldes tilfeldig va-
riasjon.

Gjennomsnittlig kronologisk alder i utviklingsstadier fra Greulich og Pyle-
atlaset

Fire studier (14;25-27), inkludert to studier der vi har reanalysert dataene selv (26;27),
presenterte resultater for gjennomsnittlig kronologisk alder i et utviklingsstadium fra
Greulich og Pyle-atlaset (fremstilling B). Vi vurderte fgrst om det var hensiktsmessig a
sammenfatte resultatene fra disse studiene i metaanalyser. Giennom QUADAS-2 vurde-
ringene hadde vi vurdert at tre av disse studiene har hgy risiko for at resultatene pa-
virkes av aldersmimikering. Vi vurderer at effekten av aldersmimikering for tre av dis-
se studiene potensielt er sa stor at det er hgy risiko for at estimatene av gjennomsnitt-
lig kronologisk alder i hvert utviklingsstadium er systematisk forskjgvet. Derfor vurde-
rer vi at det ikke er hensiktsmessig a sld resultatene sammen i metaanalyser, men pre-
senterer funnen grafisk i plottene.

Figurene 8 og 9 viser gjennomsnittlig kronologisk alder i utviklingsstadiet 17 ar i Greu-
lich og Pyle-atlaset for henholdsvis gutter og jenter. Appendix 6 inneholder tilsvarende
framstilling for alle utviklingsstadiene som er oppgitt fra 10 ar til 19 ar for gutter (Figu-
rene A12-A23) og 10 til 18 ar for jenter (Figurene A7-A11). Siden det er ulikt alders-
spenn i studiene er det ulikt antall studier for hvert arskull.

Figur 8 viser resultatene fra 4 studier for gutter og figur 9 resultatene fra de samme 4
studiene for jenter. For hver studie angis antall observasjoner, gjennomsnittlig krono-
logisk alder blant deltakere som fikk vurdert skjelettutviklingen til stadiet 17 ar, samt
usikkerheten i estimatene som 95% KI for gjennomsnittet, grafisk og med tall. For ek-
sempel viser figur 9 at laveste gjennomsnittsalder for jenter i utviklingsstadium 17 ar
er 15,7 ar i studien fra Pakistan og hgyeste gjennomsnittsalder er 16,8 ar i studien fra
[talia. Det er stgrre heterogenitet mellom studiene enn det en ville forvente bare pa
grunn av tilfeldigheter. Det er grunn til & tro at en vesentlig andel av den observerte
heterogeniteten for denne fremstillingen av resultater er knyttet til fenomenet al-
dersmimikering.
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Figur 8 Authors Year Country Size CA [95% CI]
Gutter
GP-
bilde van Rijn 2001 Netherlands 7 —_— 16.72 [16.39, 17.05]
17 ar Zafar 2010 Pakistan 16 - 16.08 [15.57, 16.59]
Tise 2011 Italy 35 —.— 16.70 [16.55, 16.85]
Chaumeitre 2016 France 76 - 16.52 [16.27, 18.77]
Test for heterogenitet, p = 0,095 ! ' ' ' ‘
5 16 16.5 17 175 18
12=45,0%
Chronological Age
Figur 9 Authors Year Country Size CA[95% CI]
Jenter
GP-
bilde van Rijn 2001 Netherlands 3 —a— 16.70 [16.37, 17.03]
17ar Zafar 2010 Pakistan 12 - 15.70 [14.73, 16.67]
Tise 2011 Italy 7 —.— 16.80 [16.47, 17.13]
Chaumoitre 2016 France 63 — 16.71 [16.41,17.01]
Test for heterogenitet, p = 0,006 ' ‘ ' ‘ '
186 16.5 17 175 18

°=87,1% Chronological Age
Figurer 8 og 9: Gjennomsnittlig kronologisk alder for individer i utviklingsstadiet 17 dr

fra Greulich og Pyle-atlaset for henholdsvis gutter og for jenter.
CA: kronologisk alder; 95% CI: 95 % konfidensintervall for populasjonsgjennomsnittet

Tre av de fire studiene som er presentert her, Tise 2001 (25), van Rijn 2001 (26) og
Zafar 2010 (27), har studiepopulasjoner med relativ ujevn fordeling av antall deltakere
i de ulike aldergruppene. Det er forventet at dette kan pavirke resultatene i stor grad,
noe som ogsa kan observeres.

To eksempler vises her, mens Appendix 6 viser tilsvarende plott for alle studiene for
gutter og jenter separat. Eksempel pa en studie med ujevn aldersfordeling i studiepo-
pulasjonen er Tise 2011 (25). Funnene fra studien for alle guttene i studien vises gra-
fiski figur 10.
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Figur 10. Grafisk fremstilling av resultater fra Tise 2011 (25) for gutter med GP skjelett-
alder fra 10 til 18 dr. Den gverste delen av figuren viser hver GP skjelettalder for gutter
fra 10 til 18 dr, med antall, gjennomsnitt (punktet i midten) med ett standardavvik ut til
hver side (avslutning pd linjene) og 95% konfidensintervall for populasjonsgjennomsnitt
(parentes). Den nedre delen av figuren viser den inkluderte populasjonens fordeling pd
kronologisk alder.

Den eneste inkluderte studien med fremstilling B som har en relativ jevn aldersforde-
ling er Chaumoitre 2016 (14). I tillegg er antall observasjoner i hver aldersgruppe rela-
tivt hgy. Funnene fra studien for gutter vises grafisk i figur 11. Vi betrakter dette som et
eksempel pa en godt designet studie som vil veere i stand til 4 beskrive hvordan den
inkluderte populasjonens kronologiske alder fordeler seg fra modningsstadiene (GP
skjelettalder) pa en mer korrekt mate. Ideelt sett skulle flere studier veert designet pa

denne maten.
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Figur 11. Grafisk fremstilling av resultater fra Chaumoitre 2016 (14) for gutter med GP
skjelettalder fra 10 til 19 ar. Den gverste delen av figuren viser hver GP skjelettalder for
gutter fra 10 til 19 dr, med antall, gjennomsnitt (punktet i midten) med ett standardavvik
ut til hver side og 95% konfidensintervall for populasjonsgjennomsnitt (parentes). Den
nedre delen av figuren viser den inkluderte populasjonens fordeling pd kronologisk alder.

Tilsvarende plot for alle de fire studiene og begge kjgnn ligger i Appendix 6. Det kan
visuelt observeres at det er store forskjeller mellom studiene fremstilt i figur 10 og 11.
Aldersmimikering er ikke den eneste forklaringen pa forskjellene mellom studiene,
men det er en dpenbar kilde til noe av den observerte heterogeniteten, og effekten er
mulig a forklare teoretisk i tillegg til at den kan fremvises empirisk.
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Diskusjon

Hovedfunn

[ denne rapporten har vi systematisk oppsummert primaerforskning om samsvaret
mellom kronologisk alder og skjelettalder som definert i Greulich og Pyle-atlaset. Vi
inkluderte 17 studier som oppfylte kriteriene og som oppga tilstrekkelig data til at vi
kunne inkludere dem.

GP skjelettalder gker nar kronologisk alder gker. I oppsummeringen fant vi at gjen-
nomsnittsdifferansen mellom disse to variablene sjelden er stgrre enn et ar for hver
kronologisk aldersgruppe i hver enkelt studie. For eksempel var denne differansen ald-
ri stgrre enn 0,5 ar i noen aldersgruppe i en stor studie av Chaumoitre 2016 (14).

Hvis man gnsker a bruke atlaset til estimering av kronologisk alder er det essensielt a
beregne et prediksjonsintervall som sier noe om sikkerhetsmarginen for hvor gammelt
et individ kan veere (i kronologisk alder) gitt den observerte GP skjelettalderen (frem-
stillingsmate B). Chaumoitre 2016 var den eneste av studiene som vi vurderte til
veere godt nok utfgrt til & kunne beregne et slikt prediksjonsintervall direkte. Her fant
vi at bredden pa 95% prediksjonsintervallene varierer fra 4,0 ar til 5,9 ar for gutter i
alderen 10-19 ar (se figur 12).

Resultatene fra Chamouitre 2016 er en beskrivelse av den inkluderte populasjonen,
som beskrives som multi-etnisk fra Marseille (Frankrike). Det er ikke uproblematisk a
anvende resultatene fra Chaumoitre 2016 pa enhver populasjon fgr den aktuelle popu-
lasjonen er testet og kartlagt pd samme mate.

Kvaliteten pa forskningsresultatene

Det har veert rettet mye kritikk mot bruken av Greulich og Pyle-atlaset til estimering av
kronologisk alder. Blant annet har ett av ankepunktene vert at atlaset er basert pa
kaukasiske barn fra hgyere sosiogkonomiske kar i Ohio (USA) pa 1930-tallet. Selv om
flere nye systemer har vert lansert til estimering av alder basert pa rgntgen av hand
(28-31) forblir Greulich og Pyle-atlaset det mest anvendte. Resultatene i denne opp-
summeringen tyder pa at de oppgitte skjelettaldrene fra metoden, i gjennomsnitt, sam-
svarer relativt godt med kronologisk alder ogsa i populasjoner som er undersgkt de
siste 15 arene. Estimering av kronologisk alder pa individniva ut fra et gitt skjelett-
modningsstadium er imidlertid usikkert ved anvendelse i praksis.
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Studier med fremstilling B er mer egnet til a skildre atlasets prediksjonsevne for en-
keltindivider enn fremstilling A. Av disse fant vi at kun én studie (14) hadde tilstrekke-
lig godt studiedesign til 4 unnga fenomenet aldersmimikering.

GP skjelettalder fordelt pa grupperte kronologiske aldersintervaller (fremstil-
ling A)

I denne fremstillingen er individene gruppert etter kronologisk alder, og resultatene
presenterer GP skjelettalder for hver gruppe. Sveert mange studier innen dette kunn-
skapsfeltet er organisert pa denne maten. Disse studiene har gnsket a beskrive hvordan
skjelettalderen fordeler seg for ulike aldersintervaller av deres populasjon. Dette per-
spektivet samsvarer med Greulich og Pyle-atlasets opprinnelige intensjon og anvendel-
se. Denne fremstillingen er mest egnet til a fremstille skjelettutviklingen for en gruppe
av en populasjon, la oss si gutter med kronologisk alder 14 ar, representert som gjen-
nomsnitt og standardavvik av GP skjelettalder. Fremstilling A pavirkes ikke av al-
dersmimikering ettersom man ikke fordeler individene i studien pa stadier (fenomenet
er beskrevet i detalj i figur 3).

Vi kan se fra analysene at kronologisk alder og GP skjelettalder fglger hverandre. Det
betyr, som forventet, at nar kronologisk alder gker, sa gker ogsa GP skjelettalder for
alle aldersgrupper og begge kjgnn i var analyse. Analysen viser at det i gjennomsnitt
(pa gruppeniva) er relativt liten forskjell mellom kronologisk alder og GP skjelettalder.
Det gir en indikasjon pa metodens validitet. Vi observerer imidlertid stgrre variasjon
mellom studiene i metaanalysen enn det man ville forventet med statistisk tilfeldighet
alene. Forskjeller mellom populasjoner og regioner kan spille inn, men mange andre
faktorer kan ogsa ha bidratt til heterogeniteten. Det finnes flere kilder til malefeil i ana-
lysene som er utfgrt, blant annet den subjektive tolkningen av bildene opp mot atlaset
og rgntgenbilder som ikke viser detaljene ved handskjelettet godt nok (bildene er ofte
tatt ved mistenkte skader). Vi valgte a ikke ga videre med analyser for a forsgke a for-
Klare hvilke faktorer som kan ha bidratt til heterogeniteten. Pa grunn av den store va-
riasjonen mellom studiene, ma resultatene basert pd sammensldingen av studiene («di-
amantene» nederst i hver analyse) tolkes med varsomhet.

Fremstilling A angir ikke direkte hvordan kronologisk alder fordeler seg for gitt GP
skjelettalder. Det finnes statistiske metoder som baserer seg pa a bygge en modell som
beskriver skjelettutviklingen for gitt kronologisk alder (32-34). Disse metodene krever
selvsagt at dataene er angitt pa individniva. Et problem med studiene fra litteraturen
er at de kun oppgir dataene gruppevis i form av gjennomsnitt og standardavvik, noe
som gjgr det ekstra krevende a bygge en fornuftig statistisk modell.

Kronologisk alder fordelt fra GP skjelettalder (fremstilling B)

Fremstilling B beskriver hvordan kronologisk alder fordeler seg direkte fra modnings-
stadiene (bildene i atlaset), angitt som GP skjelettalder. Det er denne fremstillingen
som er mest relevant for a beskrive hvor god en metode er til estimere den kronologis-
ke alderen til et individ med ukjent alder. Ulempen med denne fremstillingen er at den
kan veere sarbar for fenomenet aldersmimikering. Fenomenet aldersmimikering drgf-
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tes mer inngaende i var parallelle systematiske oversikt om samsvaret mellom krono-
logisk alder og Demirjians utviklingsstadier for visdomstenner (1).

Vi fant totalt fire studier som ble inkludert i metaanalysen. Tre av studiene (25-27)
hadde et studieutvalg som ikke var jevnt fordelt pa kronologisk alder (se vedlegg 6). Et
slikt ujevnt utvalg vil kunne pavirke resultatene (gjennomsnitt og standardavvik av
kronologisk alder) i stor grad. Vi har derfor ikke slatt sammen resultatene til et samlet
estimat, ettersom vi anser aldersmimikering som et sa betydelig problem at det ikke er
forsvarlig a gjgre en metaanalyse.

Den eneste studien som har et studieutvalg som er relativt jevnt fordelt pa kronologisk
alder er Chaumoitre 2016 (14). Dette er et eksempel pa en godt designet studie som
kan beskrive hvordan den inkluderte populasjonens kronologiske alder fordeler seg pa
de gitte modningsstadiene (GP skjelettalder) pa en mer palitelig mate. Chaumoitre har
brukt resultatene til a beregne 95% prediksjonsintervall, som er gjengitt i figur 12.

SA Antall Gj.snitt  St.av. 0% Flerenne

Nedre Ovre
10 75 10.42 1.18 8.05 12.78
11 58 11.09 1.11 8.86 13.33
11.5 54 11.71 1.16 9.37 14.06
12.5 50 12.28 1.12 10.02 14.55
13 92 13.15 1.00 11.16 15.14
13.5 62 13.66 0.98 11.68 15.64
14 64 14.44 1.05  12.33 16.55
15% 25 15.01 1.01 12.89 17:12
15.5* 14 15.19 099 1298 17.40
16 25 16.28 1.39  13.36 19.21
17 76 16.52 1.13 14.25 18.78
18 53 17.79 1.07 15.62 19.95
19 238 19.35 1.20  16.99 21.72

Figur 12. Tabellen er en gjengivelse av tabell 6 fra Chaumoitre 2016 (14) som viser forde-
lingen av kronologisk alder fra GP skjelettalder for gutter. Tabellen viser antall individer
for hver skjelettalder (Antall), giennomsnittlig kronologisk alder (Gj. Snitt), Standardav-
vik (St.av.) og 95% prediksjonsintervall er til hgyre i tabellen gjengitt med nedre og gvre
grenseverdier. Markeringen "*" betyr at prediksjonsintervallene md brukes med forsiktig-
het siden de individbaserte dataene ikke passer med normalantagelsen.

Det siste stadiet, som kalles 19 ar, er et endestadium som angir en ferdig utviklet hand.
Dette stadiet skiller seg fra alle andre ved at det ikke tar slutt. I en tverrsnittsstudie, der
man observerer ett individ én gang, er det derfor umulig a vite hvor lenge individet har
veert i et endestadium. Dataene for dette stadiet blir ogsa pavirket av den gvre alderen
til den inkluderte populasjonen (gvre «cut-off»). Chaumoitre 2016 har oppgitt at det
ikke er noen individer over 21 ar i den inkluderte populasjonen (14). Hvis denne alde-
ren hadde veert satt til for eksempel 23 ar, ville dette ha pavirket gjennomsnittsverdi og
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fordeling av kronologisk alder for endestadiet. I en studie som Chaumoitre 2016 vil en-
destadiet sdledes skille seg fra de andre stadiene og ma tolkes med forsiktighet.

Fra Chaumoitre 2016 ser vi at bredden pa 95 % prediksjonsintervaller for aldersinter-
valler 10-19 ar er fra 4,0 til 5,9 ar. Dette innebarer at 95 % av de aldersestimerte indi-
videne (fra samme populasjon som studien) statistisk sett er estimert til a ligge innen-
for de angitte prediksjonsintervallene dersom man hadde brukt denne metoden syste-
matisk pa denne populasjonen.

Ideelt sett hadde vi gnsket a finne flere studier med like store og jevnere fordelte al-
dersgrupper som Chaumoitre 2016 for a kunne belyse Greulich og Pyle-atlasets presi-
sjon og varians til estimering av kronologisk alder for populasjoner i ulike deler av ver-
den. De inkluderte studiene hadde i utgangspunktet lignende design, der det ble utfgrt
en blindet vurdering av hvilket skjelettstadium rgntgenbildene lignet mest pa. Frem-
stillingen av resultatene er det som begrenser hvorvidt vi kan benytte dataene eller ik-
ke. Det betyr at dersom vi hadde fatt tilgang til de individbaserte dataene fra disse stu-
diene, kunne vi bruke statistiske metoder for a fremstille resultatene pa en mer egnet
mate, og bidra til & belyse bruken av Greulich og Pyle-atlaset for estimering av kronolo-
gisk alder.

Regionale forskjeller

Et sentralt spgrsmal innen feltet medisinsk aldersestimering er hvor store forskjellene i
skjelettmodning er mellom ulike populasjoner fra ulike deler av verden, enten de er
forarsaket av genetisk heterogenitet eller ytre arsaker som levekar og levevaner. Fra et
medisinsk perspektiv er det spesielt relevant at ulike populasjoner og etniske grupper
kan ha genetisk likhet gjennom slektskap, liknende sosiogkonomisk status og levekar,
og liknende levevaner (35). Disse faktorene kan hver for seg pavirke vekstmgnster,
men det er sveert krevende 4 male den relative betydningen av hver enkelt faktor. I
denne systematiske oversikten har vi ikke definert kriterier for inndeling av studier
etter geografiske regioner eller etnisiteter. Heterogeniteten vi ser mellom de ulike stu-
diene kan ha en rekke arsaker. Det finnes mange kilder til malefeil i analysene som er
utfgrt, blant annet den subjektive tolkningen av bildene opp mot atlaset og rgntgenbil-
der som ikke viser detaljene ved handskjelettet godt nok (bildene er ofte tatt ved mis-
tenkte skader). De aller fleste av gruppene i analysene vare er sma, noe som gker varia-
sjon og kan vaere en feilkilde. Analysene vare viser imidlertid at en gjennomsnittsfor-
skjell pa mer enn ett ar mellom GP skjelettalder og kronologisk alder for en gruppe er
sjelden i aldersintervallet vi har sett p3, til tross for de kjente kildene til skjevheter.

Styrker og svakheter

Styrken ved denne systematiske oversikten er den systematiske og transparente til-
naermingen vi har benyttet for a svare pa spgrsmalet. Vi har gjennomfgrt systematiske
litteratursgk i mange elektroniske databaser. Vi har benyttet klare inklusjonskriterier
og eksklusjonskriterier. To personer har uavhengig av hverandre vurdert hver referan-
se etter disse kriteriene, samt uavhengig av hverandre vurdert kvaliteten pa de inklu-
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derte studiene. Uavhengige vurderinger er med pa a redusere feil og redusere sjansen
for feilkilder. Det skal veere mulig a etterprgve alle ledd i arbeidet som vi har utfgrt og
vurderingene som vi har lagt til grunn for vare konklusjoner.

Selv om vi har utfgrt et grundig litteratursgk med hgy grad av sensitivitet, er det alltid
mulig at det finnes studier som vi ikke har identifisert. En svakhet ved systematiske
oversikter er at de kan bli utdatert ndr det publiseres flere nye studier, noe som skjer
kontinuerlig. Datagrunnlaget i denne systematiske oversikten er antatt a veere oppda-
tert fram til januar 2017.

Overensstemmelse med andre oversikter

En tidligere metodevurdering fra Kunnskapssenteret (nd Kunnskapssenteret i Folke-
helseinstituttet), Graff og medarbeidere 2006 (8), omhandlet flere metoder for alders-
vurdering av personer mellom 16 og 20 ar, deriblant Greulich og Pyle-atlaset. Deres sgk
ble utfgrti 2006 og de inkluderte 11 studier som omhandler bruk av Greulich og Pyle-
atlaset. Graff og medarbeidere presenterte analysene for begge kjgnn, alle aldersgrup-
pene og etniske grupper samlet, mens vi presenterer gutter og jenter separat og for
hver kronologiske aldersgruppe. Vi hadde ogsa noe ulike krav til dataformatet pa ink-
luderte studier. Disse forskjellene fgrer til av det kun er to studier som er overlappende
blant de inkluderte i var rapport og rapporten til Graff og medarbeidere 2006. De andre
ni studiene i Graff og medarbeidere er pa var liste over relevante datasett (Appendix 4),
og 11 av vare inkluderte studier ble publisert etter deres sgkedato.

En systematisk oversikt av Serinelli og medarbeidere (36) har ogsa undersgkt metoder
for & vurdere alder etter rgntgen av hender. Oversikten til Serinelli og medarbeidere
baserte seg pa et sgk fra desember 2009 og omhandlet bade Greulich og Pyle, Tanner-
Whitehouse og Fels metodene. For hver aldersvurderingsmetode ble aldersgruppene
presentert samlet, mens gutter og jenter ble behandlet separat, og de ble ogsa delt inn i
etniske grupper for hvert kjgnn. To av de fem studiene som er i metaanalysen til Seri-
nelli og medarbeidere er ogsa med i var oversikt. Elleve av studiene som vi har inklu-
dert er publisert etter sgkedatoen i denne oversikten.

Bade Graff 2006 (8) og Serinelli 2011 (36) oppsummerte studier med fremstilling A,
altsa studier som beskriver fordeling av skjelettalder for individer gruppert etter kro-
nologisk alder. Vi har tidligere redegjort for hvorfor denne fremstillingen ikke direkte
beskriver usikkerheten ved bruk av Greulich og Pyle-atlaset til estimering av kronolo-
gisk alder.

En forskjell mellom var oversikt og de to tidligere oversiktene er at de begge har delt
opp etter etnisitet, mens vi ikke har gjort det. Vi har konkludert med at variasjonen
mellom studiene muligens helt kan skyldes tilfeldigheter og metodiske skjevheter. Vi
har pa grunnlag av dette begrensede datagrunnlaget ment at det ikke er forsvarlig & ga
videre til & undersgke andre forklaringsvariabler (subgruppeanalyser), slik som etnisi-
tet eller regionale forskjeller. Vi vurderte ogsa at informasjonen fra studiene ikke var
tilstrekkelig til & gruppere studiene i kategorier. For eksempel hadde studien til
Chaumoitre (14) en multi-etnisk populasjon som trolig inneholdt immigranter fra tidli-
gere franske kolonier og Nord-Afrika. Videre vurderte vi at deltakerne i studiene fra
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Tyrkia (12;13;19;37;38) kunne representere ulike etnisiteter, siden ulike regioner i
Tyrkia har ulike populasjonssammensetninger.

Kunnskapshull

Dersom Greulich og Pyle-atlaset skal anvendes til estimering av kronologisk alder i til-
feller der denne er ukjent, er det studier som Chaumoitre 2016 (14) (med fremstilling
B) som direkte viser metodens usikkerhet. Denne studien viser hvordan kronologisk
alder fordeler seg fra modningsstadiene/skjelettaldrene (bildene i atlaset) direkte. Stu-
dien inkluderte mange individer som var relativt jevnt fordelt pd kronologisk alder, noe
som er en forutsetning for a fa representative resultater for a beskrive hvordan krono-
logisk alder pa individniva fordeler seg pa ulike modningsstadier. Flere studier av den-
ne typen kan gi et mer komplett bilde av metodens palitelighet pa tvers av ulike popu-
lasjoner og regioner.

En annen mulig Igsning er 4 samle inn grunndata fra mange studier og sammenstille
disse. Alle studiene er i utgangspunktet basert pa de samme dataoppsettene; registrert
kronologisk alder og observert GP skjelettalder for hvert individ. Med en stor og variert
mengde av slike datasett kunne man sammenstille og presentere data pa en optimal
mate for d 1gse problemet knyttet til fenomenet aldersmimikering.
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KonKklusjon

I denne systematiske oversikten har vi oppsummert vitenskapelig litteratur om sams-
varet mellom skjelettalder gitt i Greulich og Pyle-atlaset og kronologisk alder.

Flertallet av studiene undersgkte hvordan GP skjelettalder fordeler seg for gitte alders-
grupper (kalt fremstilling A i denne rapporten). Dette er den tradisjonelle bruken av
atlaset og grunnen til at det ble etablert. Vi har oppsummert disse studiene, og funnet
at samsvaret mellom GP skjelettalder og kronologisk alder i snitt er relativt godt, selv
om visse aldersgrupper i enkeltstudier kan ha en gjennomsnittsforskjell pa over ett ar.
Disse studiene kan ikke legges til grunn nar Greulich og Pyle skal brukes til 4 estimere
kronologisk alder (som blir et xkomvendt» scenario).

Studiene som undersgkte hvordan kronologisk alder fordeler seg fra skjelettaldrene
(kalt fremstilling B i denne rapporten) illustrerer direkte med hvilken usikkerhet Greu-
lich og Pyle-atlaset estimerer kronologisk alder for en populasjon. Vi fant kun én studie
med fremstilling B med en studiedesign og gjennomfgring som gir en god beskrivelse
av metodens evne til & predikere alder: Chaumoitre 2016. Denne studien viser at for
den inkluderte populasjonen vil bredden pa 95 % prediksjonsintervall vaere pa det
minste 4 ar og pa det meste 5,9 ar for gutter i aldersintervallet 10-19 ar. Dette gir et
inntrykk av hvor stor variasjonen kan vaere nar metoden tas i bruk pa en gitt popula-
sjon.

For & utforske usikkerheten for Greulich og Pyle-atlaset til 4 estimere kronologisk alder
for andre populasjoner, trengs det relevante resultater som er representert pa fremstil-
ling B med et tilstrekkelig godt studiedesign. Dersom grunndata hadde veert tilgjenge-
lig, kunne vi anvendt andre statistiske metoder der vi fgrst beskriver hvordan GP skjel-
ettalderen utvikler seg nar kronologisk alder gker, og deretter undersgker hvilke kro-
nologiske aldre som mest sannsynlig beskriver en gitt GP skjelettalder.
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Vedlegg (Appendixes)

Appendix 1: Literature search

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Search date: 2016-05-19

1 Age Determination by Teeth/ (1422)

2 Age Determination by Skeleton/ (3937)

3 (age adj3 (determinat* or estimat* or assess*)).ti. (2851)

4 ((forensic or radiological) adj age).ti,ab. (158)

5 ((age or maturation or mature or ossification) adj5 (determinat* or estimat* or as-
sess* or examinat*)).ti,ab. (41703)

6 (hand$1 or wrist$ or carpal or metacarpal or metacarpus or dental or teeth or
tooth or third molar* or clavicle* clavicula* or collar bone* or femur or tibia* or fibula*
or knee or knees or foot or feet or ankle or ankles).ti,ab. (904235)

7 (MRI or MR imag* or magnetic resonance imag* or ct scan* or cat scan* or (com-
put* adj2 tomograp*) or roentgen or x-ray* or xray* or radiolog* or radiograp*).ti,ab.
(1032026)

8 5and6and7(1297)

9 1lor2or3or4or8(7491)

10 exp Animals/ (20185560)

11 Humans/ (15941900)

12 10not (10 and 11) (4243660)

13 9not12 (7007)

14 (greulich adj2 pyle).ti,ab. (238)

15 (tanner adj2 whitehouse).ti,ab. (246)

16 demirjian.ti,ab. (218)

17 haavikko.ti,ab. (20)

18 kullman.ti,ab. (6)

19 nortje.ti,ab. (5)

20 liversidge.ti,ab. (10)

21 kvaal.ti,ab. (13)

22 or/14-21(674)

23 13 0r22(7178)

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations, Ovid
MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present

Search date: 2017-01-03

1 Age Determination by Skeleton/ (4617)

2 (age adj3 (determinat* or estimat* or assess*)).ti. (3296)

3 ((forensic or radiological) adj age).ti,ab. (201)

4 ((age or maturation or mature or ossification) adj5 (determinat* or estimat* or as-
sess* or examinat*)).ti,ab. (50880)

47



(hand$1 or wrist$ or carpal or metacarpal or metacarpus).ti,ab. (423891)
(roentgen or x-ray* or xray* or radiolog* or radiograp*).ti,ab. (738776)

4 and 5 and 6 (534)

lor2or3or7(7429)

9 exp Animals/ (23024664)

10 Humans/ (18186804)

11 9not (9 and 10) (4837860)

12 8not11(7013)

13 (greulich adj2 pyle).ti,ab. (286)

14 120r13(7059)

[ce N B RN &) |

Database: Embase 1974 to 2016 May 18

Search date: 2016-05-19

1 age determination/ (5176)

2 (age adj3 (determinat* or estimat* or assess*)).ti. (3291)

3 ((forensic or radiological) adj age).ti,ab. (199)

4 ((age or maturation or mature or ossification) adj5 (determinat* or estimat* or as-
sess* or examinat*)).ti,ab. (57474)

5 (hand$1 or wrist$ or carpal or metacarpal or metacarpus or dental or teeth or
tooth or third molar* or clavicle* clavicula* or collar bone* or femur or tibia* or fibula*
or knee or knees or foot or feet or ankle or ankles).ti,ab. (1087091)

6 (MRI or MR imag* or magnetic resonance imag* or ct scan* or cat scan* or (com-
put* adj2 tomograp*) or roentgen or x-ray* or xray* or radiolog* or radiograp*).ti,ab.
(1334461)

7 4and5and6 (1656)

8 1lor2or3or7(8121)

9 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or an-
imal tissue/ or animal cell/ or nonhuman/ (23089391)

10 human/ or normal human/ or human cell/ (17222575)

11 9not(9and 10) (5913580)

12 8not11 (7315)

13 (greulich adj2 pyle).ti,ab. (338)

14 (tanner adj2 whitehouse).ti,ab. (279)

15 demirjian.ti,ab. (208)

16 haavikko.ti,ab. (19)

17 kullman.ti,ab. (7)

18 nortje.ti,ab. (4)

19 liversidge.ti,ab. (18)

20 kvaal.tiab. (11)

21 or/13-20 (794)

22 12o0r21(7692)

Database: Embase 1974 to 2016 December 30

Search date: 2017-01-03

1 age determination/ (5542)

2 (age adj3 (determinat* or estimat* or assess*)).ti. (3437)

3 ((forensic or radiological) adj age).ti,ab. (225)

4 ((age or maturation or mature or ossification) adj5 (determinat* or estimat™* or as-
sess* or examinat*)).ti,ab. (62094)

5 (hand$1 or wrist$ or carpal or metacarpal or metacarpus).ti,ab. (502099)

6 (roentgen or x-ray* or xray* or radiolog* or radiograp*).ti,ab. (776099)

7 4and5and 6 (641)

8 1lor2or3or7(7816)

9 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or an-
imal tissue/ or animal cell/ or nonhuman/ (24312061)
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10
11
12
13
14

human/ or normal human/ or human cell/ (18443969)
9 not (9 and 10) (5914908)

8not 11 (7052)

(greulich adj2 pyle).ti,ab. (374)

12 or 13 (7225)

Database: Central
Search date: 2016-05-19

#1 | MeSH descriptor: [Age Determination by Skeleton] explode all trees 99

#2 | MeSH descriptor: [Age Determination by Teeth] explode all trees 5

#3 | (age near/3 (determinat* or estimat* or assess*)):ti 30

#4 | ((forensic or radiological) next age) 0

#5 | ((age or maturation or mature or ossification) near/5 (determinat* or estimat* | 3474
or assess* or examinat*))

#6 | (hand or hands or wrist or wrists or carpal or metacarpal or metacarpus or den- | 78361
tal or teeth or tooth or third molar* or clavicle* clavicula* or collar bone* or fe-
mur or tibia* or fibula* or knee or knees or foot or feet or ankle or ankles)

#7 | (MRI or (MR next imag*) or (magnetic next resonance next imag*) or ct-scan* or | 52159
cat-scan* or (comput* near/2 tomograp*) or roentgen or x-ray* or xray* or ra-
diolog* or radiograp*)

#8 | #5and #6 and #7 236

#9 | (greulich near/2 pyle) 6

#10 | (tanner near/2 whitehouse) 12

#11 | demirjian 11

#12 | haavikko 1

#13 | kullman 17

#14 | nortje 9

#15 | liversidge 9

#16 | kvaal 5

#17 | #lor#2or #3 or #4 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #150r | 197
#16 in Trials

Database: Central

Search date: 2017-01-03

#1 | MeSH descriptor: [Age Determination by Skeleton] explode all trees 99

#2 | (age near/3 (determinat* or estimat* or assess*)):ti 34

#3 | ((forensic or radiological) next age) 1

#4 | ((age or maturation or mature) near/5 (determinat* or estimat™* or assess* or 3740
examinat*))

#5 | (hand or hands or wrist or wrists or dental or teeth or tooth or (third next mo- 54096
lar*) or carpal or metacarpal or metacarpus)

#6 | (roentgen* or x-ray™* or xray* or radiolog* or radiograp*) 39127

#7 | #4 and #5 and #6 167

#8 | #lor#2or#3 or#7 288

#9 | (greulich near/2 pyle) 7

#10 | #8 or #9 in Trials 138

Database: PubMed
Search date: 2016-03-14
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Search (((publisher [sb]) OR pubstatusaheadofprint)) AND (((age determi- 46
nat*[Title/Abstract]) OR age estimat*[Title/Abstract]) OR age assess*[Title/Abstract])
Database: PubMed

Dato for sgk: 2017-01-03

Search (((publisher [sb]) OR pubstatusaheadofprint)) AND (((age determi- 76
nat*[Title/Abstract]) OR age estimat*[Title/Abstract]) OR age assess*[Title/Abstract])
Database: Google Scholar

Search date: 2016-03-23

"age estimation” OR "estimation of age" OR "estimating age" OR "age determina- Leste
tion" OR "determination of age" OR "determining age" OR "age assessment” OR "as- | fgrste
sessing age" OR "assessment of age" 100 treff.
Database: Google Scholar

Dato for sgk: 2017-01-03

"age estimation” OR "estimation of age" OR "estimating age" OR "age determina- Leste
tion" OR "determination of age" OR "determining age" OR "age assessment" OR forste 100
"assessing age" OR "assessment of age" treff.
Database: Clinicaltrials.gov

Dato for sgk: 2016-03-15

"age estimation" OR "estimation of age" OR "estimating age" OR "age determination" OR 16
"determination of age" OR "determining age" OR "age assessment" OR "assessing age" OR
"assessment of age"

greulich OR pyle OR demirjian OR haavikko OR kullman OR nortje OR liversidge OR kvaal 14
Database: Clinicaltrials.gov

Dato for sgk: 2017-01-03

"age estimation" OR "estimation of age" OR "estimating age" OR "age determination”" OR | 16
"determination of age" OR "determining age" OR "age assessment” OR "assessing age"

OR "assessment of age"

greulich OR pyle 8
Database: WHO - International Clinical Trials Registry Platform (ICTRP)

Dato for sgk: 2016-03-15

age estimation OR estimation of age OR estimating age OR age determination OR deter- 20
mination of age OR determining age OR age assessment OR assessing age OR assessment

of age

greulich OR pyle OR demirjian OR haavikko OR kullman OR nortje OR liversidge OR kvaal | 2
Database: WHO - International Clinical Trials Registry Platform (ICTRP)

Dato for sgk: 2017-01-03

age estimation OR estimation of age OR estimating age OR age determination OR deter- | 22
mination of age OR determining age OR age assessment OR assessing age OR assess-

ment of age

greulich OR pyle 2
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Appendix 2: Description of included studies with quality assessment

Abbreviations used: CA: Chronological age; SA: Skeletal age based on the index test.

Bala M, Pathak A, Jain RL. Assessment of skeletal age using MP3 and hand-wrist radiographs and
its correlation with dental and chronological ages in children. Journal of the Indian Society of Pe-
dodontics and Preventive Dentistry. 2010;28(2):95-9.

Population: Country, ethnicity,
place and year

India (North-West), from outpatient department of Pedodon-
tics and Preventive Dentistry, Government Dental College
and Hospital, Patiala, and various schools. Only children of
normal weight (between 3rd and 97th percentile curves for a
particular age). All radiographs taken at the same day (year
not specified).

Sample, sex and age

160 participants, 80 boys and 80 girls, aged 8-14 years.

Study design

Cross-sectional.

Index test

Radiographed for middle phalanx of third finger (MP3) and
hand-wrist of the right hand. Greulich & Pyle atlas.

Other comments

Dental age was assessed from IOPA radiographs of right per-
manent maxillary canine based on Nolla's calcification stages

Aim of the study

“...to assess skeletal age using MP 3 and hand-wrist radio-
graphs and to find the correlation amongst the skeletal, den-
tal and chronological ages”

QUADAS- 2 assessment

Rating Comment

Patient selection method:

“...children were selected from...” No further description of
sampling method. No discussion of uniform distribution into
age cohorts found in article.

- Consecutive or random sample Unclear
of patients?
- Avoid inappropriate exclusions? | Yes Weight criteria considered appropriate.

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Unclear Not mentioned

DOMAIN 2: Index test interpre-
tation

Unclear risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in analysis?

Yes | All numbers included in results-tables

DOMAIN 4: Patient flow and
timing bias

Low risk of bias

Buken B, Safak AA, Yazici B, Buken E, Mayda AS. Is the assessment of bone age by the Greulich-
Pyle method reliable at forensic age estimation for Turkish children? Forensic Science Internation-

al. 2007;173(2):146-53.

Population: Country, ethnicity,
place and year

Turkey (North West). Schoolchildren in Central Diizce, and
students at Abant Izzet Baysal University. Physically and men-
tally healthy, no history of chronic or severe illness, right
handed with no history of trauma to the left hand and wrist.
Caucasian with low-middle socioeconomic status. Data col-
lection period not clear.

Sample, sex and age

492 participants, 251 boys aged 11-17 years, 241 girls aged
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11-19 years.

Study design

Cross-sectional.

Index test

Radiograph of right hand and wrist, Greulich & Pyle atlas.

Aim of the study

“...we investigated whether or not the Greulich—Pyle (G—P)
method is sufficient at forensic age estimation for Turkish
Children.”

QUADAS-2 assessment

Rating Comment

Patient selection method:

Random selection of schools in the area, random selection of
children from these schools. Subjects 18 years and older
were volunteers. No discussion of uniform distribution into
age cohorts found.

- Consecutive or random sample
of patients?

Unclear

- Avoid inappropriate exclusions?

18-19 years: 20 female and 50 males were
excluded because epiphyseal union were
completed.

11-17 years: Yes
18-19 years: No

DOMAIN 1: Patient selection

High risk of bias for 18 and 19 years
Low risk of bias for 11 to 17 years

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Yes The persons who interpreted the radio-

graph only knew the participants’ gender.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CA interpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in analysis?

Yes

DOMAIN 4: Patient flow and
timing bias

Low risk of bias

Cantekin K, Celikoglu M, Miloglu O, Dane A, Erdem A. Bone age assessment: the applicability of
the Greulich-Pyle method in eastern Turkish children. Journal of Forensic Sciences.

2012;57(3):679-82.

Population: Country, ethnicity,
place and year

Turkey (East). Children attending the Department of Ortho-
dontics at the University of Ataturk. Physically and mentally
healthy with no history of chronic or severe disease, no histo-
ry of trauma on left hand-wrist. Data collection period not
clear.

Sample, sex and age

767 participants, 342 boys and 425 girls, aged 7-17 years

Study design

Cross-sectional.

Index test

Conventional roentgenograms of left hand and wrist, Greu-
lich & Pyle atlas.

Aim of the study

“... to investigate whether or not the Greulich-Pyle (GP)
method is adequate for Turkish children.”

QUADAS-2 assessment

Rating Comment

Patient selection method:

Random selection of radiographs at the Department. No dis-
cussion of uniform distribution into age cohorts found in arti-
cle.

- Consecutive or random sample Yes Random selection of radiographs at the
of patients? Department
- Avoid inappropriate exclusions? | Unclear

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.
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- Index test interpreted without
knowledge of CA?

Yes Dental and skeletal maturation assess-
ments performed without any knowledge
of the children’s CAs.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in analysis?

Unclear Assumed

DOMAIN 4: Patient flow and
timing bias

Low risk of bias

Chaumoitre K, Saliba-Serre B, Adalian P, Signoli M, Leonetti G, Panuel M. Forensic use of the Greu-
lich and Pyle atlas: prediction intervals and relevance Eur Radiol. 2017 Mar;27(3):1032-1043. doi:
10.1007/s00330-016-4466-4. Epub ahead of print 2016 Jun 29.

Population: Country, ethnicity,
place and year

France (South) with multi-ethnic sample. The authors write
that France forbid ethic registration, but that Marseilles is a
cosmopolitan melting pot with many immigrants. Patients
consulting for minor injuries at University hospital of Mar-
seilles from 2006 to 2011. Included if medical records con-
tained no disease that could affect bone maturation.

Sample, sex and age

2614 participants, 1423 boys aged 0-21 years and 1191 girls
aged 0-20 years.

Study design

Cross-sectional, from archives.

Index test

Radiograph of right or left hand and wrist, Greulich & Pyle
atlas. Both hands used indifferently.

Aim of the study

“... to assess its [the Greulich & Pyle atlas] accuracy and to
calculate the prediction intervals at 95% for forensic use.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Individuals were consecutively recruited from the x-rays da-
tabase in order to have sufficient number of patients by year
of chronological age and equally distributed between boys
and girls for prediction interval calculation. The article states
that “they restrained the sample to boys aged less than 21
and girls less than 20 years, taking into account higher GP
categories (19 for boys and 18 for girls) and not distorting the
calculation of prediction interval.”

- Consecutive or random sample Yes Consecutive
of patients?
- Avoid inappropriate exclusions? | Yes

DOMAIN 1: Patient selection

Low risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Uniform distribution of participants in age cohorts considered
by authors. Number of participants in each age cohort varies
from 58 to 102 observations among boys (highest numbers in
age cohorts 12 and 13 years) and from 57 to 76 observations
among girls (highest numbers in age cohort 14 years). Age
range 0-21 years (boys)/0-20 years (girls).

Our judgement is that the age cohorts are quite uniform and
larger than in most studies, although not equal. Age range
appropriate for the analyses.

Low risk of bias

- Index test interpreted without
knowledge of CA?

Yes The readers only knew the sex of the child
and were blinded to the chronological age

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without

Yes Assumed ok.
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knowledge of SA?

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Yes

DOMAIN 4: Patient flow and
timing bias?

Low risk bias

Chiang KH, Chou ASB, Yen PS, Ling CM, Lin CC, Lee CC, et al. The reliability of using Greulich-Pyle
method to determine children's bone age in Taiwan. Tzu Chi Medical Journal. 2005;17(6):417-

20+53.

Population: Country, ethnicity,
place and year

Taiwan (Hualien), children who came to an emergency outpa-
tient department because of suspected trauma. Included
radiographs that did not show bone or soft tissue abnormali-
ty and with no record of congenital disorder or developmen-
tal disturbances. Data collection period not clear.

Sample, sex and age

370 participants, 230 boys and 140 girls, aged 0-18 years.

Study design

Cross-sectional.

Index test

Radiograph of the left hand and wrist, Greulich & Pyle atlas.

Aim of the study

“... we investigated whether or not the Greulich-Pyle method
is sufficient for the determination of the skeletal age of chil-
dren in Taiwan.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Consecutive children at an emergency outpatient depart-
ment. No discussion of uniform distribution into age cohorts
found in article.

- Consecutive or random sample Yes Consecutive
of patients?
- Avoid inappropriate exclusions? | Unclear

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Yes Analysed by two radiologists who were

unaware of the age of the children

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CA interpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

No Radiographs were excluded if the inter-
observer variation was more than 12
months. 108 cases excluded because of
poor film quality (58), inter-observer dif-
ference (40), and 10 of other causes.

DOMAIN 4: Patient flow and
timing bias?

High risk of bias

Griffith JF, Cheng JCY, Wong E. Are western skeletal age standards applicable to the Hong Kong
Chinese population? A comparison of the Greulich and Pyle method and the Tanner and
Whitehouse method. Hong Kong Med J 2007;13(Suppl 3):528-32.

Population: Country, ethnicity,
place and year

China (Hong Kong). Children attending the accident and
emergency departments of Prince of Wales, North District,
and Tuen Mun hospitals with suspected fractures from
October 2000 to December 2002.

Sample, sex and age

535 participants, 276 females, 259 males, aged 10-18 years

Study design

Cross-sectional.
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Index test

Radiographs of the hand and wrist, both the left and right
sides were used. Greulich & Pyle atlas.

Other comments

Radiographs also scored based on the Tanner and
Whitehouse RUS and carpal scores.

Aim of the study

“to (1) assess whether skeletal age standards currently used
are applicable to modern day Hong Kong chil-
dren/adolescents, and (2) to compare the GP and TW3 meth-
ods of skeletal age assessment with reference to modern day
Hong Kong children/adolescents.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

All consecutive patients. No discussion of uniform distribu-
tion into age cohorts found in article.

- Consecutive or random sample Yes Consecutive
of patients?
- Avoid inappropriate exclusions? | Unclear

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Yes “undertaken [...] without prior knowledge

of the patient’s age”

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok.

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in analysis?

Unclear

DOMAIN 4: Patient flow and
timing bias

Unclear risk of bias

Jiménez-Castellanos J, Carmona A, Catalina-Herrera CJ, Vifluales M. Skeletal maturation of wrist
and hand ossification centers in normal Spanish boys and girls: a study using the Greulich-Pyle
method. Acta Anatomica. 1996;155(3):206-11.

Population: Country, ethnicity,
place and year

Spain (South). Radiographs from the records of Seville Uni-
versity Hospital. Radiographs chosen to be made between +
15 days from the child’s birthday. Data collection period not
clear.

Sample, sex and age

239 participants, boys and girls, aged 1-14 years

Study design

Cross-sectional, from archives.

Index test

Radiograph of the hand and wrist, side not mentioned, Greu-
lich & Pyle atlas.

Aim of the study

“We aimed to establish both a chronological sequence of
postnatal skeletal maturation in Spanish children and, at the
same time intersexual differences.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Selection method not specified. No discussion of uniform
distribution into age cohorts found in article.

- Consecutive or random sample Unclear Not specified.
of patients?
- Avoid inappropriate exclusions? | Unclear Not mentioned

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Unclear In order to minimise subjectivity, the radi-
ograph series was studied twice by the

same researcher with an interval between
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observations, and also by two different
workers, we judge that they was likely

blinded to CA.
DOMAIN 2: Index test interpre- Low risk of bias
tation
- CAinterpreted without Yes Assumed ok

knowledge of SA?

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Unclear

DOMAIN 4: Patient flow and
timing bias?

Unclear of bias

Johnston FE. Skeletal age and its prediction in Philadephia children. Human Biology. 1963;35:192-

202.

Population: Country, ethnicity,
place and year

USA (Philadelphia). From the files of the Philadelphia Center
for Research in Child Growth, the Growth Center school se-
ries. Described as “White” schoolchildren. Selected based on
“clinical normality” (unspecified). Examined serially through-
out their school years. Data collection period not clear.

Sample, sex and age

120 participants, 58 boys and 62 girls, age range for examina-
tions 7-17 years.

Study design

Mixed longitudinal sample

Index test

Radiograph of the hand and wrist, side not mentioned, Greu-
lich & Pyle atlas, standards from 1959.

Aim of the study

“Information is presented here on the rate of skeletal matu-
ration of Philadelphia white children as evaluated from
standards based upon the Brush series. It, therefore, com-
pares rates of development in normal Philadelphia children
with their Cleveland age-peers.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Selection method not specified. No discussion of uniform
distribution into age cohorts found in article.

- Consecutive or random sample Unclear Selection method not specified.
of patients?
- Avoid inappropriate exclusions? | Unclear “Due to the inevitable dropouts, and to

some later additions, the data are mixed
longitudinal, and sample size varies for
each age”.

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Unclear Not described.

DOMAIN 2: Index test interpre-
tation

Unclear risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Unclear Not described.

DOMAIN 4: Patient flow and
timing bias?

Unclear risk of bias

Koc A, Karaoglanoglu M, Erdogan M, Kosecik M, Cesur Y. Assessment of bone ages: is the Greu-
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lich-Pyle method sufficient for Turkish boys? Pediatrics International. 2001;43(6):662-5.

Population: Country, ethnicity,
place and year

Turkey (South-East). Boys with weight and height outside 3
and 97" growth percentile or with chronic deses were ex-
cluded. Data collection period not clear.

Sample, sex and age

255 participants, all boys, aged 7-17 years.

Study design

Cross-sectional.

Index test

Conventional roentgenograms of left hand and wrist, Greu-
lich & Pyle atlas. Rated by two radiologists and one paediatri-
cian separately, the average value used as bone age.

Aim of the study

“...we investigated whether or not the GP method is suffi-
cient for Turkish children for the determination
of the skeletal age.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Selection method not described. No discussion of uniform
distribution into age cohorts found in article.

- Consecutive or random sample Unclear Selection method not described.
of patients?
- Avoid inappropriate exclusions? | Unclear Selection method not described.

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without Yes Rated without any knowledge of chrono-
knowledge of CA? logical age.

DOMAIN 2: Index test interpre- Low risk of bias

tation

- CA interpreted without Yes Assumed ok.

knowledge of SA?

DOMAIN 3: Reference standard Low risk of bias

- All patients included in analysis? | Yes Assumed ok.

DOMAIN 4: Patient flow and
timing bias

Low risk of bias

Mohammed RB, Rao DS, Goud AS, Sailaja S, Thetay AA, Gopalakrishnan M. Is Greulich and Pyle
standards of skeletal maturation applicable for age estimation in South Indian Andhra children?
Journal of pharmacy and bioallied sciences. 2015;7(3):218-25.

Population: Country, ethnicity,
place and year

India (Andhra Pradesh). Randomly selected patients from the
outpatient Department of Oral Medicine, GITAM Dental Col-
lege, Andhra Pradesh. Parents belonged to middle socioeco-
nomic status groups. Included children that were local resi-
dents, with left hand with neither bone (including fracture) or
soft tissue abnormalities, and no congenital and growth/ nu-
tritional disturbances or history of chronic illness. Data collec-
tion period not clear.

Sample, sex and age

660 participants, 330 boys and 330 girls, aged 9-20 years

Study design

Cross-sectional.

Index test

Digital radiographs of left hand and wrist, Greulich & Pyle
atlas.

Aim of the study

“... to evaluate the applicability of the G-P standards to con-
temporary South Indian children of 9-20 years age and also
the assess the possible relation between estimated SA and
CA”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Randomly selected from patients. No discussion of uniform
distribution into age cohorts found in article, but each sex
and age cohort has almost the same number of participants.

Rating Comment
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- Consecutive or random sample Yes Random.
of patients?
- Avoid inappropriate exclusions? | Yes

DOMAIN 1: Patient selection

Low risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without

Yes Undertaken without prior knowledge of

knowledge of CA? the CA.
DOMAIN 2: Index test interpre- Low risk of bias

tation

- CAinterpreted without Yes Assumed ok.

knowledge of SA?

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Yes

DOMAIN 4: Patient flow and
timing bias?

Low risk of bias

Nahid G, Abdorrahim A, Gharib SM, Anvar E. Assessment of bone age in Kurdish children in Iran.
Pakistan Journal of Medical Sciences. 2010;26(1):36-9.

Population: Country, ethnicity,
place and year

Iran (Kurdistan state). Healthy children and adolescents re-
cruited from schools. Only children of normal height and
weight (between 3rd and 97th percentile curves for a particu-
lar age) without chronic iliness, on medications, vitamin
preparations, calcium supplements, or ill for longer than two
weeks during previous six months, or hospitalized any time
since birth. Data collection in 2007.

Sample, sex and age

228 participants, 102 boys and 126 girls, aged 7-14 years.

Study design

Cross-sectional.

Index test

Radiograph of the left hand and wrist, Greulich & Pyle atlas.

Aim of the study

“To investigate whether or not the Greulich- Pyle method is
sufficient for Kurdish children for determination of the skele-
tal age.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Recruited from schools. No discussion of uniform distribution
into age cohorts found in article.

- Consecutive or random sample Unclear
of patients?
- Avoid inappropriate exclusions? | Unclear risk Many exclusion criteria.

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Low risk Description of blinding.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CA interpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

No If the inter-observer variation was more
than 12 months, the radiographs were

excluded (22 case).

DOMAIN 4: Patient flow and
timing bias?

Unclear risk of bias
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Patel PS, Chaudhary AR, Dudhia BB, Bhatia PV, Soni NC, Jani YV. Accuracy of two dental and one
skeletal age estimation methods in 6-16 year old Gujarati children. Journal of forensic dental sci-

ences : JFDS. 2015;7(1):18-27.

Population: Country, ethnicity,
place and year

India (Gurajat). Patients of the outpatient department of Oral
Medicine and Radiology in Gandhinagar district. Subjects with
all teeth of mandibular left quadrant at least partially erupted
and right hand and wrist intact were included. Exclusion cri-
teria were uncertain date of birth, missing, impacted, em-
bedded or transposed left quadrant, trauma/injury to face or
hand-wrist region, growth disorder/systemic illness. Data
collection period not clear.

Sample, sex and age

180 participants, 90 boys and 90 girls, aged 6-16 years.

Study design Cross-sectional.
Index test Radiograph of the right hand and wrist, Greulich & Pyle atlas.
Comment Subjects also scored according Demirjian’s and Willem’s

method of dental age estimation.

Aim of the study

“To test the applicability of Demirjian’s and Willem’s dental
age assessment methods as well as Greulich and Pyle skeletal
age assessment method in children residing in the Gandhina-
gar district.”

QUADAS-2 assessment

Rating | Comment |

Patient selection method:

Random selection from patients. No discussion of uniform
distribution into age cohorts found in article, but each sex
and age cohort has almost the same number of participants.

- Consecutive or random sample Yes Random
of patients?
- Avoid inappropriate exclusions? | Yes

DOMAIN 1: Patient selection

Low risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Unclear No description of blinding

DOMAIN 2: Index test interpre-
tation

Unclear risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Yes All x-rayed children were included in anal-

ysis- assumed

DOMAIN 4: Patient flow and
timing bias?

Low risk of bias

Patil ST, Parchand MP, Meshram MM, Kamdi NY. Applicability of Greulich and Pyle skeletal age
standards to Indian children. Forensic Science International. 2012;216(1):200.e1-4.

Population: Country, ethnicity,
place and year

India (Maharashtra). Children attending at the radiology de-
partment, Government medical college, Nagpur for x-ray of
inferior extremity for injury. Healthy children of middle soci-
oeconomic status, with no chronic diseases, endochrinopa-
thies, metabolic disorders or any other disease affecting skel-
etal maturation. Data collection 2007- 2009.

Sample, sex and age

375 participants, 194 boys and 181 girls, aged 0-19 years.

Study design

Cross-sectional.

Index test

Radiograph of the left hand and wrist if possible, otherwise
the right, Greulich & Pyle atlas.

Aim of the study

“In this study we have to find out whether Indian children
have advanced skeletal age or lag behind skeletally or same
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as American children (GP atlas). So that applicability of Greu-
lich and Pyle atlas to Indian children can be determined.”

QUADAS-2 assessment

Rating | Comment

Patient selection method:

Selection method not specified. No discussion of uniform
distribution into age cohorts found in article.

- Consecutive or random sample Unclear
of patients?
- Avoid inappropriate exclusions? | Yes

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Yes Description of binding.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CA interpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the anal-
ysis?

Yes All x-rayed children included in analysis.

DOMAIN 4: Patient flow and
timing bias?

Low risk of bias

Suri S, Prasad C, Tompson B, Lou W. Longitudinal comparison of skeletal age determined by the
Greulich and Pyle method and chronologic age in normally growing children, and clinical interpre-
tations for orthodontics. American Journal of Orthodontics & Dentofacial Orthopedics.

2013;143(1):50-60..

Population: Country, ethnicity,
place and year

Canada (Toronto). Described as White Canadian children.
Selected from Burlington Growth Centre archives the Faculty
of Dentistry. Selected if serial annual hand-wrist radiographs
available with 2 consecutive radiographs more than 2 years
apart, in age range 9-18 years. Normal facial growth,
no/minimal orthodontic treatment and no syndrome or spe-
cific disease or growth abnormalities. Data collection period
not clear.

Sample, sex and age

68 participants, 35 boys and 33 girls, aged 9-18 y

Study design Longitudinal study design, but analysed as cross-sectional
study in this systematic review.
Index test Radiograph of the hand and wrist, side not mentioned, Greu-

lich & Pyle atlas.

Aim of the study

“...to comprehensively analyze the concordance between
skeletal and chronologic ages determined by using the Greu-
lich and Pyle method at different ages in the preadolescent
and adolescent periods, and to determine any age- and sex-
related differences in the concordance.”

QUADAS-2 assessment

Rating Comment

Patient selection method:

Selection method unclear. No discussion of uniform distribu-
tion into age cohorts found in article.

- Consecutive or random sample Unclear
of patients?
- Avoid inappropriate exclusions? | Yes Assumed ok.

DOMAIN 1: Patient selection

Unclear risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

Not relevant for included analyses.

- Index test interpreted without
knowledge of CA?

Yes Description of blinding
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DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CA interpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in analysis?

Yes

DOMAIN 4: Patient flow and
timing bias?

Low risk of bias

Tise M, Mazzarini L, Fabrizzi G, Ferrante L, Giorgetti R, Tagliabracci A. Applicability of Greulich and
Pyle method for age assessment in forensic practice on an Italian sample. International Journal of

Legal Medicine. 2011;125(3):411-6.

Population: Country, ethnicity,
place and year

Italy (Central Italia). Described as Italian-Caucasian children.
Trauma patients hospitalized in the Azienda Ospedaliero Uni-
versitaria Ospedali Riuniti of Ancona. X-rays with evidence of
bone fracture or soft tissue abnormalities were discarded. No
information about patients' growth disorders or other ill-
nesses were available. Data collection 2006-2007.

Sample, sex and age

484 participants, 359 boys and 125 girls, aged 11-19 years

Study design

Cross-sectional, retrospective from archives.

Index test

Radiograph of the hand and wrist, side not mentioned, Greu-
lich & Pyle atlas.

Aim of the study

Since the Greulich and Pyle method is one of the

most frequently used in age estimation, the aim of this
study was to assess the reproducibility and accuracy of the
method on a large Italian sample of teenagers, to ascertain
the applicability of the Atlas at the critical age thresholds of
14 and 18 years.

QUADAS-2 assessment

Rating Comment

Patient selection method:

Selection method unclear. No discussion of uniform distribu-
tion into age cohorts found in article.

- Consecutive or random sample | Yes

of patients?

- Avoid inappropriate exclusions? | Yes Assumed ok
DOMAIN 1: Patient selection Low risk

DOMAIN 1: Extra questions on
age cohorts and age range

Number of participants in each age cohort varies from 8 to 67
observations among boys (highest numbers in age cohort 15
years) and from 8 to 19 observations among girls (highest
numbers in age cohort 12 years). Age range 11-19 years.

Our judgement is that the size of the age cohorts vary con-
siderably and some age cohorts have very few observations.
Age mimicry is likely to influence analyses. Age range may
limit analyses of the Greulich & Pyle development stages for
lower and upper teenage age cohorts.

High risk of bias

- Index test interpreted without
knowledge of CA?

Yes Description of blinding.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without Yes Assumed ok.
knowledge of SA?

DOMAIN 3: Reference standard Low risk of bias

- All patients included in the anal- | Yes Assumed ok.

ysis?

DOMAIN 4: Patient flow and

timing bias?

Low risk of bias
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van Rijn RR, Lequin MH, Robben SG, Hop WC, van Kuijk C. Is the Greulich and Pyle atlas still valid
for Dutch Caucasian children today? Pediatric Radiology. 2001;31(10):748-52.

Population: Country, ethnicity,
place and year

Nederland (Amsterdam). Described as Dutch Caucasian.
Data collection in 1997.

Sample, sex and age

572 participants, 278 boys and 294 girls, aged 5-20 years.

Study design

Cross-sectional.

Index test

Radiograph of the left hand and wrist, Greulich & Pyle atlas.

Aim of the study

“To compare skeletal age and calendar age in a healthy Dutch
Caucasian population in order to test the applicability of this
specific population”.

QUADAS-2 assessment

Rating Comment

Patient selection method:

Selection method unclear. No discussion of uniform distribu-
tion into age cohorts found in article.

- Consecutive or random sample | Yes

of patients?

- Avoid inappropriate exclusions? | Yes Assumed ok
DOMAIN 1: Patient selection Low risk

DOMAIN 1: Extra questions on
age cohorts and age range

The relevant analyses (average skeletal age in development
stages from the Greulich & Pyle atlas) were not part of the
results presented in the article. Re-analysed for this systemat-
ic review based on access to original data granted by authors.
Number of participants in each age cohort varies.

Our judgement is that the size of the age cohorts vary con-
siderably and some age cohorts have very few observations.
Age mimicry is likely to influence analyses.

High risk of bias

- Index test interpreted without
knowledge of CA?

Yes Description of blinding.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without Yes Assumed ok.
knowledge of SA?

DOMAIN 3: Reference standard Low risk of bias

- All patients included in analysis? | Yes | Assumed ok.

DOMAIN 4: Patient flow and
timing bias

Low risk of bias

Zafar AM, Nadeem N, Husen Y, Ahmad MN. An appraisal of Greulich-Pyle Atlas for skeletal age
assessment in Pakistan. JPMA - Journal of the Pakistan Medical Association. 2010;60(7):552-5.

Population: Country, ethnicity,
place and year

Pakistan. Ethnically diverse. Children examined for indication
of trauma. Consecutive patients admitted to one hospital in
Karachi, Pakistan for indication of trauma. Less or equal to
216 months of age at time of exposure. Subjects ever investi-
gated for metabolic, growth or nutritional disorders, or with a
height or weight chart < 5" and > 95 centile were excluded.
Chronological age from hospital records. 17 poor quality
scans and 268 duplicate identities were excluded. Final Data
collected 2005-2008.

Sample, sex and age

889 participants, Children of both genders, aged up to 216
months

Study design

Cross-sectional.

Index test

Hand-wrist radiographs, left hand if possible, otherwise right
hand. Assessed according to the Greulich-Pyle atlas. GP using
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hand-wrist of the right hand

Aim of the study

“To assess accurate skeletal age (SA) in clinical and medico-
legal decisions using the Greulich-Pyle (GP) atlas and to see
its applicability across diverse populations in Karachi.”

QUADAS-2 assessment Rating Comment
Patient selection method: “Consecutive patients admitted”
- Consecutive or random sample Yes

of patients?

- Avoid inappropriate exclusions? | Yes

DOMAIN 1: Patient selection

Low risk of bias

DOMAIN 1: Extra questions on
age cohorts and age range

The relevant analyses (average skeletal age in development
stages from the Greulich & Pyle atlas) were not part of the
results presented in the article. Re-analysed for this systemat-
ic review based on access to original data granted by authors.
Number of participants in each age cohort varies.

Our judgement is that the size of the age cohorts vary con-
siderably and some age cohorts have very few observations.
Age mimicry is likely to influence analyses. Age range may
limit analyses of the Greulich & Pyle development stages up-
per teenage age cohorts.

High risk of bias

- Index test interpreted without
knowledge of CA?

Yes Blinded assessor.

DOMAIN 2: Index test interpre-
tation

Low risk of bias

- CAinterpreted without
knowledge of SA?

Yes Assumed ok

DOMAIN 3: Reference standard

Low risk of bias

- All patients included in the
analysis?

Yes

DOMAIN 4: Patient flow and
timing bias?

Low risk of bias
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Appendix 3: Relevant datasets using the Greulich and Pyle atlas

In addition to the 19 included studies, we identified 107 studies with data on skeletal
maturation based on the Greulich & Pyle atlas and chronological age. The population
criteria appear fulfilled, i.e. data for > 50 healthy children in age range 10-26 years.
These studies were not included because the article did not provide the relevant figures
or format on the data presented. Some of these studies were analysed to another prob-
lem than ours. We have gathered information about these studies because they may
represent potential relevant datasets for further analyses. Some of these studies have
used more than one scoring method on the same subjects as described.

Reference Scoring Country | Partic- | Sex Age range
method ipants

Alhadlag AM, Al-Shayea El. New method for evalua- | G&P and | Saudi 197 Boys 10-15 years

tion of cervical vertebral maturation based on angu- | Fish- Arabia

lar measurements. Saudi Medical Journal. man's

2013;34(4):388-94.

Andersen E. Comparison of Tanner-Whitehouse and | G&P, Denmark | 1009 Both 7 - 18 years

Greulich-Pyle methods in a large scale Danish Sur- TW1 and

vey. American Journal of Physical Anthropology. TW2

1971;35(3):373-6.

Anderson DL, Thompson GW, Popovich F. Interrela- | G&P Denmark | 232 Both 4 -14 years

tionships of dental maturity, skeletal maturity,
height and weight from age 4 to 14 years. Growth.
1975;39(4):453-62.

Arat M, Koklu A, Ozdiler E, Rubenduz M, Erdogan B. | G&P Turkey 78 Both 10-17 years
Craniofacial growth and skeletal maturation: a
mixed longitudinal study. European Journal of Or-
thodontics. 2001;23(4):355-61.

Arat ZM, Rubenduz M. Changes in dentoalveolar G&P Turkey 62 Both 10-17 years
and facial heights during early and late growth peri-
ods: a longitudinal study. Angle Orthodontist.
2005;75(1):69-74.

Awais M, Nadeem N, Husen Y, Rehman A, Beg M, G&P, Pakistan | 283 Both 0-18 years
Khattak YJ. Comparison between Greulich-Pyle and | Girdany-
Girdany-Golden methods for estimating skeletal age | Golden
of children in Pakistan. Journal of the College of
Physicians and Surgeons--Pakistan : JCPSP.
2014;24(12):889-93.

Beit P, Peltomaki T, Schatzle M, Signorelli L, Patcas | G&P Switzer- | 730 Both 6 -18 years
R. Evaluating the agreement of skeletal age assess- land
ment based on hand-wrist and cervical vertebrae
radiography. American Journal of Orthodontics and
Dentofacial Orthopedics. 2013;144(6):838-47.

Berst MJ, Dolan L, Bogdanowicz MM, Stevens MA, G&P USA 107 Both 2-20 years
Chow S, Brandser EA. Effect of knowledge of chron-
ologic age on the variability of pediatric bone age
determined using the Greulich and Pyle standards.
American Journal of Roentgenology.
2001;176(2):507-10.
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Bezerra IS, Topolski F, Franca SN, Brucker MR, Fer-
nandes A. Assessment of skeletal and dental ages of
children and adolescents with type 1 diabetes melli-
tus. Pesquisa Odontologica Brasileira = Brazilian
Oral Research. 2015;29.

G&P and
Nolla

Brazil

82

Both

5-15 years

Blanksby BA, Brogan WF, McKnight HP, Sprague PL.
A skeletal age survey of primary school children in
Western Australia. Australian Paediatric Journal.
1975;11(3):169-71.

G&P

Australia

594

Both

6-12 years

Bouchard C, Leblanc C, Malina RM, Hollmann W.
Skeletal age and submaximal working capacity in
boys. Annals of Human Biology. 1978;5(1):75-8.

G&P

Germany

237

Boys

8 -18 years

Bouchard C, Malina RM, Hollmann W, Leblanc C.
Relationships between skeletal maturity and sub-
maximal working capacity in boys 8 to 18 years.
Medicine & Science in Sports. 1976;8(3):186-90.

G&P

Germany

237

Boys

8 -18 years

Brown T, Grave KC. Skeletal maturation in Australi-
an Aborigines. Australian Paediatric Journal.
1976;12(1):24-30.

G&P

Australia

123

Both

5- 20 years

Buyukgebiz A, Eroglu Y, Karaman O, Kinik E. Height
and weight measurements of male Turkish adoles-
cents according to biological maturation. Acta Pae-
diatrica Japonica. 1994;36(1):80-3.

G&P

Turkish,
in USA

879

Boys

11-19 years

Calfee RP, Sutter M, Steffen JA, Goldfarb CA. Skele-
tal and chronological ages in American adolescents:
current findings in skeletal maturation. Journal of
Childrens Orthopaedics. 2010;4(5):467-70.

G&P

USA

138

Both

12-18 years

Canals M, Valenzuela C, Avendano A, Samith S.
[Bone maturity in children older than 6 years of age.
Wrist and hand. I. Quantitative analysis]. Revista
Chilena de Pediatria. 1988;59(2):102-5.

G&P,
TW2

Chile

1323

Both

6 -20 years

Carling C, Le Gall F, Malina RM. Body size, skeletal
maturity, and functional characteristics of elite
academy soccer players on entry between 1992 and
2003. Journal of Sports Sciences. 2012;30(15):1683-
93.

G&P

France

158

Boys

13 years

Chaudhry, K., A. Agarwal, and U. Rehani, Interrela-
tionship among Dental, Skeletal and Chronological
Ages in Urban and Rural Female Children. Jaypees

International Journal of Clinical Pediatric Dentistry,
2010. 3(2): p. 79-86.

G&P

India

80

Both

8-14 years

Chaumoitre K, Lamtali S, Baali A, Saliba-Serre B,
Lahmam A, Aboussad A, et al. Influence of socioec-
onomic status and body mass index on bone age.
Hormone Research in Paediatrics. 2010;74(2):129-
35.

G&P

Morocco

623

Both

6 -19 years

Chen ML, Chiang CH, Chen JS. Skeletal maturation
and dietary intakes of Chinese children and young
adults. Chinese Medical Journal (Taipei).
1977;24(2):132-41.

G&P

Chinese

4983

Both

2 -20 years
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Cole AJ, Webb L, Cole TJ. Bone age estimation: a G&P, British 97 Both mean 11
comparison of methods. British Journal of Radiolo- | TW2 years

gy. 1988;61(728):683-6.

Coutinho S, Buschang PH, Miranda F. Relationships | G&P, TW | American | 415 Both 7 -16 years
between mandibular canine calcification stages and | & Demi-

skeletal maturity. American Journal of Orthodontics | rjian

& Dentofacial Orthopedics. 1993;104(3):262-8.

Cumming GR, Garand T, Borysyk L. Correlation of G&P Canadian | 259 Both 11-18
performance in track and field events with bone years

age. Journal of Pediatrics. 1972;80(6):970-3.

De Donno A, Santoro V, Lubelli S, Marrone M, Lozito | G&P Italian 300 Both 10-20

P, Introna F. Age assessment using the Greulich and years

Pyle method on a heterogeneous sample of 300

Italian healthy and pathologic subjects. Forensic

Science International. 2013;229(1):157.e1-6.

Ebri Torne B, Ebri Verde |. Comparative Study bone | G&P, Spain 160 Both 0-20years
ages Greulich-Pyle Tanner-W2 and Ebri and be- TW2,

tween predicted adult height. Pediatria Integral. Ebri

2012;16(9):741.e1-.e7.

Edgren J, Fellman J, Lewin T. Skeletal maturation of | G&P Finland 91 Both 3 -23 years
the hand and wrist, a longitudinal study covering

two years among children of Finnish Lapps. Acta

Morphologica Neerlando-Scandinavica.

1974;12(1):1-7.

Fleshman K. Bone age determination in a paediatric | G&P Nepalese | 219 Unclear
population as an indicator of nutritional status.

Tropical Doctor. 2000;30(1):16-8.

Fry El. Tanner-Whitehouse and Greulich-Pyle skele- | G&P, TW | Hong 233 Both 10-16

tal age velocity comparisons. American Journal of Kong years
Physical Anthropology. 1971;35(3):377-80.

Garamendi PM, Landa M, Ballesteros J, Solano MA. | G&P & Morocco |114 Both 13-25
Reliability of the methods applied to assess age Demi- years
minority in living subjects around 18 years old. A rjian

survey on a Moroccan origin population. Forensic

Science International. 2005;154(1):3-12.

Goldfarb CA, Strauss NL, Wall LB, Calfee RP. Defin- G&P USA 138 Both 12-18 years
ing ulnar variance in the adolescent wrist: Meas-

urement technique and interobserver reliability.

Journal of Hand Surgery. 2011;36(2):272-7.

Goldstein HS. Skeletal maturity and cognitive devel- | G&P USA 3516 Boys 12 -17
opment of 12- to 17-year-old males. Developmental years
Medicine & Child Neurology. 1987;29(3):348-50.

Gross GW, Boone JM, Bishop DM. Pediatric skeletal | G&P USA 521 Both 0-18 years
age: determination with neural networks. Radiolo-

gy. 1995;195(3):689-95.

Gungor OE, Celikoglu M, Kale B, Gungor AY, G&P Turkey 535 Both 10-18

Sari Z. The reliability of the Greulich and Pyle
atlas when applied to a Southern Turkish pop-
ulation. European journal of dentistry.
2015;9(2):251-4.
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Haavikko K, Kilpinen E. Skeletal development of G&P Finland 1061 Both 2,5-19
Finnish children in the light of hand-wrist roentgen- years
ograms. Proceedings of the Finnish Dental Society.

1973;69(5):182-90.

Hackman L, Black S. The reliability of the Greulich G&P UK 406 Both 0-21years
and Pyle atlas when applied to a modern Scottish

population. Journal of Forensic Sciences.

2013;58(1):114-9.

Haiter-Neto F, Kurita LM, Menezes AV, Casanova G&P, Brazil 360 Both 7 -15 years
MS. Skeletal age assessment: A comparison of 3 TWS3,

methods. American Journal of Orthodontics and Eklpf &

Dentofacial Orthopedics. 2006;130(4):435.e15-.e20. | Ringertz

Hala, L.A., et al., Comparison of accuracy between G&P Brazil 216 Both 3-17 years
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logical age of Down syndrome individuals. Forensic

Science International, 2016. 266: p. 578.e1-578.e10.

Hawley NL, Rousham EK, Norris SA, Pettifor JM, G&P South 200 Both 9-11 years
Cameron N. Secular trends in skeletal maturity in Africa

South Africa: 1962-2001. Annals of Human Biology.

2009;36(5):584-94.

Heppe DH, Taal HR, Ernst GD, Van Den Akker EL, G&P and | Nether- |95 Both 0-16 years
Lequin MM, Hokken-Koelega AC, et al. Bone age dual land

assessment by dual-energy X-ray absorptiometry in | energy x-
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case-control study. Journal of Pediatric Orthopae-
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Kim JR, Lee YS, Yu J. Assessment of bone age in pre- | G&P, South 212 Both 7 -12 years
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bones in Hong Kong Chinese children. American Kong
Journal of Physical Anthropology. 1971;34(3):385-
95.
Lenko HL. Prediction of adult height with various G&P, Finland 60 Both 7 -19 years
methods in Finnish children. Acta Paediatrica Scan- | Tanner,
dinavica. 1979;68(1):85-92. Bay-
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of Gilsanz-Ratib digital atlas and Greulich-Pyle atlas | Gilsanz-
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Lin NH, Ranjitkar S, Macdonald R, Hughes T, Taylor | G&P South 2497 Both 9 -18 years
JA, Townsend GC. New growth references for as- Australia
sessment of stature and skeletal maturation in Aus-
tralians. Australian Orthodontic Journal.
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G&P

Hong
Kong

117

Girls

11-12 years

So LL. Correlation of sexual maturation with skeletal
age of southern Chinese girls. Australian Orthodon-
tic Journal. 1997;14(4):215-7.

G&P

Hong
Kong

117

Girls

11-12 years

So LL. Correlation of skeletal maturation with stat-
ure and body weight of southern Chinese girls in
Hong Kong. Zeitschrift fur Morphologie und An-
thropologie. 1991;78(3):307-12.

G&P

Hong
Kong

117

Girls

11-12 years
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Orthodontic Journal. 1997;15(1):1-9.

G&P
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117
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12 years
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Greulich and Pyle's atlas accurate for Israeli chil-
dren? Pediatric Radiology. 2012;42(3):343-8.

G&P
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0-18 years

Takatama H. Roentgenological studies on the skele-
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Journal. 1979;48(3):260-84.

G&P
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724

Both

6-15 years

Van Rijn RR, Lequin MH, Robben SGF, Hop WCJ, Van
Kuijk C. The Greulich&Pyle atlas for determining the
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Tijdschrift voor Geneeskunde. 2003;147(15):701-4.

G&P
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5-20 years

Vignolo M, Milani S, DiBattista E, Naselli A, Mostert
M, Aicardi G. Modified Greulich-Pyle, Tanner-
Whitehouse, and Roche-Wainer-Thissen (knee)
methods for skeletal age assessment in a group of
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of Pediatrics. 1990;149(5):314-7.

G&P,
TW2

Italy

221

Both

4-17 years

Zabet D, Rerolle C, Pucheux J, Telmon N, Saint-
Martin P. Can the Greulich and Pyle method be
used on French contemporary individuals? Interna-
tional Journal of Legal Medicine. 2015;129(1):171-7.

G&P
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Both

10-19 years

Zammit MP, Kalra V, Nelson S, Broadbent BH, Hans
MG. Growth patterns of Labrador Inuit youth: II.
Skeletal age. Arctic Medical Research.
1994;53(4):176-83.

G&P
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Both

5-18 years
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Zhang A, Sayre JW, Vachon L, Liu BJ, Huang HK. G&P China 1390 Both 0-18 years
Racial differences in growth patterns of children
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2009;250(1):228-35.

Zhang J, Lin F, Ding X. Maturation Disparity between | G&P China 397 Both 2-14 years
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Appendix 4: Relevant datasets using other index tests than Greulich and
Pyle atlas to classify bone age on hand x-rays

In addition to the studies based on the Greulich and Pyle atlas, we identified 124 stud-
ies that had collected data on hand skeletal maturation based on other classification
systems and chronological age. The population criteria appear fulfilled, i.e. data for > 50
healthy children in age range 10-26 years. Some of these studies were analysed to an-
other objective than ours. We have gathered information about these studies because
they may represent potential relevant datasets for further analyses.

Reference Scoring Country | Partic- | Sex Age range
method ipants
Agathos D, Markostamos K, Toutountjakis N. Stat- | Tanner Greece 151 Girls 6-17 years

ural, bone and dental growth in Greek girls of the
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caise. 1987,58:507-16.

Agossou-Voyeme AK, Fachehoun CR, Boco V, TW2 Benin 600 Both 9-18 years
Hounnou GM, Biaou O. [Osseus age of the black
children of Benin. A population study of 600 chil-
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nou]. Morphologie. 2005;89(285):64-70.

Aguiar LB, Caldas Mde P, Haiter Neto F, Ambrosa- | TW3 Brazil Ca 80 Both 7-15 years
no GM. A methodology to measure cervical verte-
bral bone maturation in a sample from low-
income children. Brazilian Dental Journal.
2013;24(1):30-4.

Akridge M, Hilgers KK, Silveira AM, Scarfe W, Fishman USA 109 Both 9-16 years
Scheetz JP, Kinane DF. Childhood obesity and
skeletal maturation assessed with Fishman's
hand-wrist analysis. American Journal of Ortho-
dontics and Dentofacial Orthopedics.
2007;132(2):185-90.

Alkhal HA, Wong RW, Rabie AB. Correlation be- Fishman Chinese | 400 Both girls 10-15,
tween chronological age, cervical vertebral matu- (200x2) boys 12 -
ration and Fishman's skeletal maturity indicators 17

in southern Chinese. Angle Orthodontist.
2008;78(4):591-6.

Al-Qtaitat, A, et al., Bone age determination of McKern & | Jordan 101 Both 12-22 years
epiphyseal union around wrist joint and its corre- | Stewart
lation with chronological age: A radiological study
in a Jordanian population. Biosciences Biotech-
nology Research Asia, 2016. 13(1): p. 67-73.

Andersen E. Skeletal maturation of Danish school | Various Denmark | ca 700
children in relation to height, sexual development, | methods
and social conditions. Acta Paediatrica Scandina-
vica. 1968;0:Suppl 185:11+.

Ashizawa K, Asami T, Anzo M, Matsuo N, Matsuo- | TW2 Japan 1457 Both 3-18 years
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gy. 1996;23(6):457-69.

Ashizawa K, Kumakura C, Zhou X, Jin F, Cao J. RUS | TW3 China 1273 Both 6-8 years
skeletal maturity of children in Beijing. Annals of
Human Biology. 2005;32(3):316-25.

Baughan B, Demirjian A, Levesque GY. Skeletal TW?2 Canada 4084 Both 6-17 years
maturity standards for French-Canadian children
of school-age with a discussion of the reliability
and validity of such measures. Human Biology.
1979;51(3):353-70.
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dren. Acta Paediatrica Supplement. 1997;423:109-
12.

TW2
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7-12 years

Beunen G, Lefevre J, Ostyn M, Renson R, Simons J,
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(TW2). Annals of Human Biology. 1990;17(5):355-
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2007;28(3):238-41.
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Buken B, Buken E, Safak AA, Yazici B, Erkol Z,
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of cervical vertebral dimensions for assessment of
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2007;15(2):144-7.

TW3
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Both

7to 16

Caltabiano M, Leonardi R, Zaborra G. [Evaluation
of cervical vertebrae for determination of skeletal
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hand-
method
and cervi-
cal verte-
brae
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Camacho-Basallo, P., et al., Five radiographic
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ish population: is there a correlation? Acta Odon-
tologica Scandinavica, 2016: p. 1-7.
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Both

13 years

Cameriere R, De Luca S, Biagi R, Cingolani M, Far-
ronato G, Ferrante L. Accuracy of three age esti-
mation methods in children by measurements of
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ulna and radius. Journal of Forensic Sciences.
2012;57(5):1263-70.
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Ferrante
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5to 15
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Fishman

Taiwan
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Chen LL, Xu TM, Jiang JH, Zhang XZ, Lin JX. Quanti-
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Fels

Portugal

128

Boys

13to 14
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method
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De Luca S, Mangiulli T, Merelli V, Conforti F,
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Medicine. 2016;39:109-16.
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273

Both
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RA, De Luca S, Ferrante L, et al. Age estimation in
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Cameriere
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Human Biology. 2009;36(1):60-73.

Fels

Portugal
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11-14
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Fishman LS. Maturational patterns and prediction
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Fishman LS. Radiographic evaluation of skeletal
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TW3
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years
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Germany
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8 -19 years
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Hauspie R, Bielicki T, Koniarek J. Skeletal maturity
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TW2

Poland
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8- 19 years

Helm S. Relationship between dental and skeletal
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an Journal of Dental Research. 1990;98(4):313-7.
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Denmark
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7- 14 years
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TW2
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Houston WJ. Relationships between skeletal ma-

TW2
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Huo AH, Peng Y, Zeng JJ, Yu T, Li DH, Hu D. The
CHN radiographic atlas method for assessing skel-
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thropological Society of Nippon. 1972;80(4):319-
36.

™

Japan

598

Both
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et al. Radiographic assessment of skeletal matura- | (hand) + years
tion stages for orthodontic patients: hand-wrist CVMS (cer-
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Malina RM, Dompier TP, Powell JW, Barron MJ,
Moore MT. Validation of a noninvasive maturity
estimate relative to skeletal age in youth football
players. Clinical Journal of Sport Medicine.
2007;17(5):362-8.

Fels

USA

143

Boys

9to 14
years

Malina RM, Himes JH, Stepick CD. Skeletal maturi-

ty of the hand and wrist in Oaxaca school children.

Annals of Human Biology. 1976;3(3):211-9.

TW2

Mexico

394

Both

5to 18
years

Malina RM, Little BB. Comparison of TW1 and
TW?2 skeletal age differences in American black
and white and in Mexican children 6-13 years of
age. Annals of Human Biology. 1981;8(6):543-8.

TW1 +2

USA,
Mexico

2562

Both

6to 13
years

Malina RM, Pena Reyes ME, Eisenmann JC, Horta
L, Rodrigues J, Miller R. Height, mass and skeletal
maturity of elite Portuguese soccer players aged
11-16 years. Journal of Sports Sciences.
2000;18(9):685-93.

Fels

Portugal

135

Boys

10to 17
years

Malina RM, Pena Reyes ME, Figueiredo AJ, Coelho
ESMJ, Horta L, Miller R, et al. Skeletal age in youth
soccer players: implication for age verification.
Clinical Journal of Sport Medicine.
2010;20(6):469-74.

Fels
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Spain

592

Boys

11to 17
years

Malina RM. Skeletal maturation studied longitudi-
nally over one year in American Whites and Ne-
groes six though thirteen years of age. Human
biology; an international record of research.
1970;42(3):377-90.

T™W

USA

806

Both

4to 14
years

Malo L, Lima S, Teixeira V, Canova F, Alves S. Skel-
etal maturation in a Portuguese population -
comparison between the hand-wrist and cervical
vertebral maturation. [Portuguese]. Revista Por-
tuguesa de Estomatologia, Medicina Dentaria e
Cirurgia Maxilofacial. 2014;55(2):102-9.

Grave &
Brown
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285

Both

7to 16
years

Mappes MS, Harris EF, Behrents RG. An example
of regional variation in the tempos of tooth min-
eralization and hand-wrist ossification. American
journal of orthodontics and dentofacial orthope-
dics : official publication of the American Associa-
tion of Orthodontists, its constituent societies,
and the American Board of Orthodontics.
1992;101(2):145-51.

Fishman &
Moorrees

USA

585
tann,
295
hand

Both

12 and 13
years

Marak FK, Sangma WBC, Singh MS, Kharrubon B.
A roentgenographic study for age estimation in
boys and girls of North-Eastern region of India.
International Journal of Medical Toxicology and
Legal Medicine. 2008;10(2):34-9.

Unclear for
wrist, el-
bow, knee,
pelvis

India

200

Both

16 to 22
years

Marti Henneberg C, Vilardell Latorre E. Bone mat-
uration in the infantile population (boys 8-17
years old and girls 6-16 years old) of Barcelona,
Spain. Standard curves from a numeric method.
[Spanish]. Medicina Clinica. 1975;64(2):73-8.

T™W
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1268

Both

6to 17
years
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TW2
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3123

Both

7to 16
years

Mohammed RB, Kalyan VS, Tircouveluri S, Ve-
gesna GC, Chirla A, Varma DM. The reliability of
Fishman method of skeletal maturation for age
estimation in children of South Indian population.
Journal of Natural Science Biology & Medicine.
2014;5(2):297-302.

Fishman

India

330

Both

9to 20
years

Mohammed RB, Reddy MA, Jain M, Singh JR,
Sanghvi P, Thetay AA. Digital radiographic evalua-

Fishman

India

330

Both

8to 18
years
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tion of age in South Indian adolescents. Hand.
2014;9(3):375-83.

Molinari L, Hermanussen M. The effect of variabil-
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on variability in linear body measurements. An-
nals of Human Biology. 2005;32(5):679-82.

TW3

Switzer-
land

232

Both

2to 20
years

Murata M. Characteristics of pubertal growth in
Japanese children from the standpoint of skeletal
growth. Acta Paediatrica Japonica.
1992;34(2):236-40; discussion 40-2.

TW2

Japan

200

Both

71to0 18
years

Murata M. Population-specific reference values
for bone age. Acta Paediatrica Supplement.
1997;423:113-4.

TW2

Japan

382

Both

1to 20
years

Pasciuti E, Franchi L, Baccetti T, Milani S, Far-
ronato G. Comparison of three methods to assess
individual skeletal maturity. Journal of Orofacial
Orthopedics. 2013;74(5):397-408.

Gianni's
analysis

Italy

100

Both

6-18 years

Safer AN, Homel P, Chung DD. Lateral compari-
sons using Fishman's skeletal maturation assess-
ment. Angle Orthodontist. 2015;85(3):408-12.

Fishman

USA

125

Both

8-20 years

Sahin Saglam AM, Gazilerli U. The relationship
between dental and skeletal maturity. Journal of
Orofacial Orthopedics. 2002;63(6):454-62.

Fishman

Turkey

422

Both

7-15 years

Schmeling A, Baumann U, Schmidt S, Wernecke
KD, Reisinger W. Reference data for the
Thiemann-Nitz method of assessing skeletal age
for the purpose of forensic age estimation. Inter-
national Journal of Legal Medicine. 2006;120(1):1-
4,

Thiemann-
Nitz

Germa-
ny

402

Both

10-18
years

Schmidt S, Nitz I, Schulz R, Schmeling A. Applica-
bility of the skeletal age determination method of
Tanner and Whitehouse for forensic age diagnos-
tics. International Journal of Legal Medicine.
2008;122(4):309-14.
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12-16
years

Schmidt S, Nitz I, Schulz R, Tsokos M, Schmeling A.
The digital atlas of skeletal maturity by Gilsanz
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tion of living individuals in criminal proceedings?
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Gilsanz
Ratib
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180

Both

10-18
years

Shim J, Heo G, Lagravere MO. Correlation be-
tween three-dimensional morphological changes
of the hyoid bone with other skeletal maturation
methods in adolescents. Oral Surgery, Oral Medi-
cine, Oral Pathology and Oral Radiology.
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Fishman
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Both

11-17 years
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Fishman
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Both

11-17 years
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TW2

South
West
Africa

120

Both

3-17 years

Soegiharto BM, Cunningham SJ, Moles DR. Skele-
tal maturation in Indonesian and white children
assessed with hand-wrist and cervical vertebrae
methods. American Journal of Orthodontics and
Dentofacial Orthopedics. 2008;134(2):217-26.

Fishman

Indone-
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2167

Both

8-15 years
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TW2

Japan
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Both

4 -15 years
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TW2
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6351

Both

6-18 years
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American children.[Erratum appears in J Pediatr.
2012 Dec;161(6):1180]. Journal of Pediatrics.
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TW2
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8-16 Years

Uysal T, Ramoglu Sl, Basciftci FA, Sari Z. Chrono-
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vertebrae and hand-wrist: Is there a relationship?
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Orthopedics. 2006;130(5):622-8.

Bjork and
Grave and
Brown

Turkey

2003

Both

5-24 years

Uysal T, Sari Z, Ramoglu SI, Basciftci FA. Relation-
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2004;74(5):657-64.

Bjork and
Grave and
Brown

Turkey

500

Both

7-20 years
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Pereira J, Rebelo-Goncalves R, Figueiredo A, et al.
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Fels
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83
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11-15 years
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1998;157(10):798-801.
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Both

12-16 years
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search. 1999;51(4):168-72.

TW-RUS
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Both

8-17 years
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4902

Both

2-17 years
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zhi. 2006;22(5):328-9, 32.
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51

Girls

14 years

Yang YM, Lee J, Kim YI, Cho BH, Park SB. Axial
cervical vertebrae-based multivariate regression
model for the estimation of skeletal-maturation
status. Orthodontics & Craniofacial Research.
2014;17(3):187-96.

SMI, FMI

Finland

121

Both

6-18 years

Zhang S, Liu L, Hua J, Liu G. The observation of
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cent. [Chinese]. Chinese Journal of Forensic Medi-
cine. 2009;24(1):18-20.

RUS-CHN

China

12414

Both

3-18 years

Zhang S, Liu L, Zhang J, Liu G. The RUS-CHN radio-
graphic atlas method of assessing skeletal age for
adolescent. [Chinese]. Chinese Journal of Forensic
Medicine. 2009;24(4):249-53.

RUS-CHN

China
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Both

13-18 years
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effects of the differences of skeletal development
on age estimation in children and adolescent be-
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nese]. Chinese Journal of Forensic Medicine.
2009;24(2):99-102+3.

RUS-CHN

China

11635

Both

3-18 years

Zhang SY, Liu UJ, Han YS, Liu G, Ma ZG, Shen XZ, et
al. [Reference values of differences between TW3-

TW3

China

9408

Both

1-14 years
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C RUS and TW3-C Carpal bone ages of children
from five cities of China]. Zhonghua Erke Zazhi.
2008;46(11):851-5.

Zhang SY, Liu LJ, Wu ZL, Liu G, Ma ZG, Shen XZ, et | TW3 China 17 401 | Both 2-20 years
al. Standards of TW3 skeletal maturity for Chinese

children. Annals of Human Biology.

2008;35(3):349-54.

Zhao XD, Hu Y, Pan SN, Li XF, Li XM, Cheng XG, et | CHN China 1333 Both 4-18 years
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cent of Shenyang and Beijing. [Chinese]. Chinese
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Appendix 5: Studies excluded after full text assessment

Reference

Reason for exclusion

Avenarius DMF, Ording Muller LS, Eldevik P, Owens CM, Rosendahl
K. The paediatric wrist revisited-findings of bony depressions in
healthy children on radiographs compared to MRI. Pediatric Radi-
ology. 2012;42(7):791-8.

Less than 50 subjects in relevant age
range.

A. Erratum: Tanner-whitehouse bone age reference values for
North American children (Journal of Pediatrics (1997) 131 (34-40)).
Journal of Pediatrics. 2012;161(6):1180.

Not an empirical study published in full
text format (abstracts, reviews, other)

A. EVALUATION of skeletal age in roentgenograms. Nutrition Re-
views. 1958;16(4):101-2.

Not an empirical study published in full
text format (abstracts, reviews, other)

Abdel-Kader HM. The potential of digital dental radiography in
recording the adductor sesamoid and the MP3 stages. British Jour-
nal of Orthodontics. 1999;26(4):291-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Acheson RM, Fowler G, Fry El, Janes M, Koski K, Urbano P, et al.
Studies in the Reliability of Assessing Skeletal Maturity from X-Rays.
I. Greulich-Pyle Atlas. Human biology; an international record of
research. 1963;35:317-49.

Less than 50 subjects in relevant age
range.

Acheson RM, Vicinus JH, Fowler GB. Studies in the reliability of
assessing skeletal maturity from x-rays. 3. Greulich-Pyle Atlas and
Tanner-Whitehouse method contrasted. Human Biology.
1966;38(3):204-18.

Less than 50 subjects in relevant age
range.

Acheson RM, Vicinus JH, Fowler GB. Studies in the Reliability of
Assessing Skeletal Maturity from X-Rays. li. The Bone-Specific Ap-
proach. Human Biology. 1964;36:211-28.

Less than 50 subjects in relevant age
range.

Aggarwal ML, Pathak IC. Roentgenologic study of epiphyseal union
in Punjabi girls for determination of age. Indian Journal of Medical
Research. 1957;45(2):283-9.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Al Khal HA, Wong RW, Rabie AB. Elimination of hand-wrist radio-
graphs for maturity assessment in children needing orthodontic
therapy. Skeletal Radiology. 2008;37(3):195-200.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Andersen E. Skeletal development as a measure of biological de-
velopment. Acta Paediatrica Scandinavica. 1967;0:Suppl 177:73-4.

Not an empirical study published in full
text format (abstracts, reviews, other).

Anderson M. Use of the Greulich-Pyle "Atlas of Skeletal Develop-
ment of the Hand and Wrist" in a clinical context. American Journal
of Physical Anthropology. 1971;35(3):347-52.

Not an empirical study published in full
text format (abstracts, reviews, other).

Armengaud G. Radiological examination of the ossification of the
hand in Spanish children. Electromedica. 1973;41(4):188-91.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Ashizawa K. Interpretation errors in the estimation of bone matura-
tion stages by an observer using the Tanner Whitehouse method.
[French]. Bulletins et Memoires de la Societe d'Anthropologie de
Paris. 1974;13(3):335-50.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Bagherpour A, Pousti M, Adelianfar E. Hand skeletal maturity and
its correlation with mandibular dental development. Journal of
Clinical & Experimental Dentistry. 2014;6(3):e275-9.

Less than 50 subjects in relevant age
range.

Bai WJ, Ning G, Qu HB, Sun XM, Xiang CF, Wu KM, et al. Compari-
son among three standards of TW2 to skeletal age determination in
children with central precocious puberty. [Chinese]. Journal of Fo-
rensic Medicine. 2010;26(3):181-4.

A study population with chronic disease or
developmental disorders.

Banik ND, Nayar S, Krishna R, Raj L, Gadekar NG. Skeletal matura-
tion of Indian children. Indian Journal of Pediatrics.
1970;37(269):249-54.

The study population is not living persons
between the ages 10-25 years

Bassed RB, Briggs C, Drummer OH. Age estimation using CT imaging
of the third molar tooth, the medial clavicular epiphysis, and the
spheno-occipital synchondrosis: a multifactorial approach. Forensic
Science International. 2011;212(1):273.e1-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Bassed RB, Briggs C, Drummer OH. The incidence of asymmetrical
left/right skeletal and dental development in an Australian popula-

Another objective than to compare age
estimation using x-ray of the hand with
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tion and the effect of this on forensic age estimations. International
Journal of Legal Medicine. 2012;126(2):251-7.

known chronological age.

Baumann U, Schulz R, Reisinger W, Heinecke A, Schmeling A,
Schmidt S. Reference study on the time frame for ossification of the
distal radius and ulnar epiphyses on the hand radiograph. Forensic
Science International. 2009;191(1):15-8.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Beek FJA. Current validation of the Greulich and Pyle atlas for the
determination of skeletal age. [Dutch]. Nederlands Tijdschrift voor
Geneeskunde. 2003;147(15):689-90.

Not an empirical study published in full
text format (abstracts, reviews, other).

Belkin V, Livshits G, Otremski I, Kobyliansky E. Aging bone score and
climatic factors. American Journal of Physical Anthropology.
1998;106(3):349-59.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Benson J, Williams J. Age determination in refugee children. Aus-
tralian Family Physician. 2008;37(10):821-5.

Not an empirical study published in full
text format (abstracts, reviews, other).

Berdikulov GB. [X-ray data on the times of synostosis of the bones
in the hand and distal portion of the forearm in girls and young
women of Uzbek nationality from 11 to 19 years of age]. Sudebno-
Meditsinskaia Ekspertiza. 1980;23(2):23-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Beunen G, Cameron N. The reproducibility of TW2 skeletal age
assessments by a self-taught assessor. Annals of Human Biology.
1980;7(2):155-62.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Beunen G, Malina RM, Claessens AL, Lefevre J, Thomis M. Ulnar
variance and skeletal maturity of radius and ulna in female gym-
nasts. Medicine & Science in Sports & Exercise. 1999;31(5):653-7.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Beunen G, Ostyn M, Renson R, Simons J, Swalus P, van Gerven D, et
al. Skeletal age and physical development of 12-year-old boys.
[Dutch]. Archives belges de medecine sociale, hygiene, medecine
du travail et medecine legale. 1972;0(2):102-19.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Beunen G, Ostyn M, Renson R, Simons J, VanGerven D. Patterns of
TW-1 and TW-2 skeletal age differences in 12-19-year-old Belgian
boys. Annals of Human Biology. 1983;10(5):479-82.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Biggerstaff RH. Forensic dentistry and the assessment of skeletal
age using hand-wrist film standards. Dental Clinics of North Ameri-
ca. 1977;21(1):159-66.

Not an empirical study published in full
text format (abstracts, reviews, other).

Birch D, MacKenzie RG, Iverson EF. Age assessment of young peo-
ple: Preliminary findings of a blinded study using a multifactorial
developmental approach. Journal of Adolescent Health. 2013;1:S3-
S4.

Not an empirical study published in full
text format (abstracts, reviews, other).

Birkbeck JA, Lee M. Growth and skeletal maturation in British Co-
lumbia Indian Populations. American Journal of Physical Anthropol-
ogy. 1973;38(3):727-38.

Less than 50 subjects in relevant age
range.

Boechat M, Lee DC. Graphic representation of skeletal maturity
determinations. AJR American Journal of Roentgenology.
2007;189(4):873-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Bolboaca S, Jantschi L, Denes C, Cadariu AA. Skeletal maturity as-
sessment client-server application. Rentgenologiya i Radiologiya.
2005;44(3):189-93.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Borms J, Broekhoff J, Beunen G. [Comparative studies of 3 methods
of skeletal age determination]. Archives Belges de Medecine Socia-
le, Hygiene, Medecine du Travail et Medecine Legale - Belgisch
Archief van Sociale Geneeskunde, Hygiene, Arbeidsgeneeskunde en
Gerechtelijke Geneeskunde. 1973;31(5):343-53.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Borms J, Broekhoff J, Beunen G. Comparative study of three meth-
ods for the assessment of bone age. [Dutch]. Archives Belges de
Medecine Sociale Hygiene Medecine du Travail et Medecine Legale.
1973;31(5):343-53.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Bowden BD. Epiphysial changes in the hand/wrist area as indicators
of adolescent stage. Australian Orthodontic Journal. 1976;4(3):87-
104.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Bruns HA. [Roentgen diagnosis of skeletal age]. Monatsschrift fur
Kinderheilkunde. 1969;117(9):582-3.

Not an empirical study published in full
text format (abstracts, reviews, other).

Buckler JM. Comparison of systems of estimating skeletal age. Ar-
chives of Disease in Childhood. 1977;52(8):667-8.

Not an empirical study published in full
text format (abstracts, reviews, other).
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Buckler JM. Skeletal age changes in puberty. Archives of Disease in
Childhood. 1984;59(2):115-9.

Less than 50 subjects in relevant age
range.

Bugyi B, Kausz I. Radiographic determination of the skeletal age of
the young swimmers. The Journal of sports medicine and physical
fitness. 1970;10(4):269-70.

Not an empirical study published in full
text format (abstracts, reviews, other).

Bull RK, Edwards PD, Kemp PM, Fry S, Hughes IA. Bone age assess-
ment: a large scale comparison of the Greulich and Pyle, and Tan-
ner and Whitehouse (TW2) methods. Archives of Disease in Child-
hood. 1999;81(2):172-3.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Buric M, Momcilovic B. Growth pattern and skeletal age in school
girls with idiopathic scoliosis. Clinical Orthopaedics & Related Re-
search. 1982;0(170):238-42.

A study population with chronic disease or

developmental disorders.

Burov SA, Reznikov BD. [Ossification characteristics of the wrist and
distal part of the forearm and their significance in the determina-
tion of age]. Sudebno-Meditsinskaia Ekspertiza. 1972;15(1):21-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Burov SA. [Ossification times for human extremities]. Sudebno-
Meditsinskaia Ekspertiza. 1973;16(3):11-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Byun BR, Kim YI, Yamaguchi T, Maki K, Ko CC, Hwang DS, et al.
Quantitative skeletal maturation estimation using cone-beam com-
puted tomography-generated cervical vertebral images: a pilot
study in 5- to 18-year-old Japanese children. Clinical Oral Investiga-
tions. 2015;19(8):2133-40.

Less than 50 subjects in relevant age
range.

Cabello AS, Estrada RC. Automated system of bone maturity evalu-
ation applied to the Tanner- Whitehouse 2 method. [Spanish]. Ana-
les Espanoles de Pediatria. 1999;50(2):134-9.

Less than 50 subjects in relevant age
range.

Cameriere R, De Luca S, Cingolani M, Ferrante L. Measurements of
developing teeth, and carpals and epiphyses of the ulna and radius
for assessing new cut-offs at the age thresholds of 10, 11, 12, 13
and 14 years. Journal of Forensic & Legal Medicine. 2015;34:50-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Cameron N, Mirwald RL, Bailey DA, Davies PS. The application of
new height-prediction equations (Tanner-Whitehouse mark 2) to a
sample of Canadian boys. Annals of Human Biology.
1985;12(3):233-9.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Canavese F, Charles YP, Dimeglio A, Schuller S, Rousset M, Samba
A, et al. A comparison of the simplified olecranon and digital meth-
ods of assessment of skeletal maturity during the pubertal growth
spurt. Bone and Joint Journal. 2014;96(11):1556-60.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Cao F, Huang HK, Pietka E, Gilsanz V. Digital hand atlas and web-
based bone age assessment: system design and implementation.
Computerized Medical Imaging & Graphics. 2000;24(5):297-307.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Capron JP, Sempe M, Giard MH, Pernier J, Rubel P. [Calculating
system for the degree of skeletal maturation in the child and ado-
lescent]. Medical & Biological Engineering & Computing.
1980;18(1):70-2.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Cardoso HF. Age estimation of adolescent and young adult male
and female skeletons Il, epiphyseal union at the upper limb and
scapular girdle in a modern Portuguese skeletal sample. American
Journal of Physical Anthropology. 2008;137(1):97-105.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

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 Radiology. 1998;27(5):271-7.

A study population with chronic disease or

developmental disorders.

Chai HY, Swee TT, Seng GH, Wee LK. Multipurpose contrast en-
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Human Biology. 2007;19(1):74-81.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Kamal M, R, Goyal S. Comparative evaluation of hand wrist radio-
graphs with cervical vertebrae for skeletal maturation in 10-12
years old children. Journal of Indian Society of Pedodontics and
Preventive Dentistry. 2006;24(3):116-20.

Less than 50 subjects in relevant age
range.

Kanbur NO, Kanli A, Derman O, Eifan A, Atac A. The relationships
between dental age, chronological age and bone age in Turkish
adolescents with constitutional delay of growth. Journal of Pediat-
ric Endocrinology and Metabolism. 2006;19(8):979-85.

Less than 50 subjects in relevant age
range.

Kaplowitz P, Srinivasan S, He J, McCarter R, Hayeri MR, Sze R. Com-
parison of bone age readings by pediatric endocrinologists and
pediatric radiologists using two bone age atlases. Pediatric Radiolo-
gy. 2011;41(6):690-3.

Less than 50 subjects in relevant age
range.

Karami M, Moshirfatemi A, Daneshvar P. Age determination using
ultrasonography in young football players. Advanced Biomedical
Research. 2014;3:174.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Karasik D, Pavlovsky O, Batsevich V, Livshits G, Kobyliansky E. Use
of the hand bones roentgenographs in the prediction of age in nine
human populations. Anthropologischer Anzeiger. 2000;58(2):199-
214,

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Kawashima M, Nanjo B, Sakura H, Ota S. Standard for bone age
determination based on x-ray findings of the hand. [Japanese].
Seikeigeka. 1971;0(11):846-8.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Kemp SF, Sy JP. Analysis of bone age data from national coopera-
tive growth study substudy VII. Pediatrics. 1999;104(4):1031-6.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Khan KM, Gonzalez-Bolanos MT, Holm T, Miller BS, Sarafoglou K.
Use of Automated Bone Age for Critical Growth Assessment. Clini-
cal Pediatrics. 2015;54(11):1038-43.

Less than 50 subjects in relevant age
range.

Khanna P, Bhargava S. Roentgen assessment of bone density in
North Indian population. Indian Journal of Medical Research.
1971;59(10):1599-609.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

King DG, Steventon DM, O'Sullivan MP, Cook AM, Hornsby VP, Jef-
ferson IG, et al. Reproducibility of bone ages when performed by
radiology registrars: an audit of Tanner and Whitehouse Il versus
Greulich and Pyle methods. British Journal of Radiology.
1994;67(801):848-51.

Less than 50 subjects in relevant age
range.

Kobyliansky E, Livshits G, Pavlovsky O. Population biology of human
aging: methods of assessment and sex variation. Human Biology.
1995;67(1):87-109.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Kovi R, Korner A, Varkonyi |, Kis E. Bone age discrepancy on hand
radiographs. Pediatric Radiology. 2000;30(7):500.

Not an empirical study published in full
text format (abstracts, reviews, other).

Kozlowski K. Critical evaluation of radiographic methods of deter-
mination of bone age. [Polish]. Pediatria polska. 1966;41(10):1233-
6

Not an empirical study published in full
text format (abstracts, reviews, other).

Kristmundsdottir F, Burwell RG, Marshall WA, Small P. Cross-
sectional study of skeletal maturation in normal children from Not-
tingham and London. Annals of Human Biology. 1984;11(2):133-9.

Less than 50 subjects in relevant age
range.

Kucukkeles N, Acar A, Biren S, Arun T. Comparisons between cervi-
cal vertebrae and hand-wrist maturation for the assessment of
skeletal maturity. Journal of Clinical Pediatric Dentistry.
1999;24(1):47-52.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Kullman L. Accuracy and precision in some dental radiographic
methods. A methodological study with special considerations in age
estimation in juveniles. Swedish Dental Journal - Supplement.
1995;104:1-38.

Not an empirical study published in full
text format (abstracts, reviews, other).

Kumar MP, Anitha G. Computerized skeletal age assessment. Jour-
nal of Clinical Orthodontics. 2010;44(10):598-601; quiz 21.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.
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Kyrkanides S, Richter L. Mandibular asymmetry and antigonial
notching in individuals with unilateral cleft lip and palate. Cleft
Palate-Craniofacial Journal. 2002;39(1):30-5.

Less than 50 subjects in relevant age
range.

Lacey KA, Parkin JM, Steel GH. Relationship between bone age and
dental development. Lancet. 1973;2(7831):736-7.

Not an empirical study published in full
text format (abstracts, reviews, other).
and Less than 50 subjects in relevant age
range.

Lacey KA, Parkin JM. The normal short child. Community study of
children in Newcastle upon Tyne. Archives of Disease in Childhood.
1974;49(6):417-24.

Less than 50 subjects in relevant age
range.

Lai XP, Yu XJ, Liu Y. Skeletal age determination in adolescence and
the related issues. [Chinese]. Chinese Journal of Forensic Medicine.
2005;20(5):284-6.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Larsen ST, Demant S, Lynnerup N. GPA, TW2RUS, TW3RUS and
FELS-a comparative study on bone-age of the left hand and wrist.
American Journal of Physical Anthropology. 2012;147:189.

Presentation withdrawn

Lauterstein AM. A cross-sectional study in dental development and
skeletal age. Journal of the American Dental Association.
1961;62:161-7.

Less than 50 subjects in relevant age
range.

Lee J, Jung S, Hwang SH, Cho J, Ahn KM, Pyo JW, et al. Rus skeletal
maturity of children in urban area in Korea. Endocrine Reviews
Conference: 95th Annual Meeting and Expo of the Endocrine Socie-
ty, ENDO. 2013;34(3).

Not an empirical study published in full
text format (abstracts, reviews, other).

Lee J, Kim J, Cho J. Skeletal maturity of radius, ulna, and short
bones in TW3 method for children in Korea. Hormone Research in
Paediatrics. 2014;82:410.

Not an empirical study published in full
text format (abstracts, reviews, other).

Leite HR, O'Reilly MT, Close JM. Skeletal age assessment using the
first, second, and third fingers of the hand. American Journal of
Orthodontics and Dentofacial Orthopedics. 1987;92(6):492-8.

Less than 50 subjects in relevant age
range.

Leonard H, Thomson M, Glasson E, Fyfe S, Leonard S, Ellaway C, et
al. Metacarpophalangeal pattern profile and bone age in Rett syn-
drome: further radiological clues to the diagnosis. American Journal
of Medical Genetics. 1999;83(2):88-95.

Less than 50 subjects in relevant age
range.

Li K, Ye K, Wang JW, Ye LY, Zhang QC. Study on development of
hand-wrist bone in 14 year-old adolescents I: bone age standard for
boys. [Chinese]. Fa yi xue za zhi. 2007;23(6):414-7.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Li K, Ye K, Zhang Z, Wang JW, Ye LY, Zhang QC. Development of
hand-wrist bones of 14 year-old adolescents Il. Standard of bony
age for girls. [Chinese]. Journal of Forensic Medicine.
2008;24(1):15-7+24.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Li XM, Cheng XG, Yu W. The current status of bone age imaging
assessment of wrist in China. [Chinese]. Chinese Journal of Radiolo-
gy (China). 2013;47(12):1153-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Liebgott B. Dental age: its relation to skeletal age and the time of
peak circumpuberal growth in length of the mandible. Dental jour-
nal. 1978;44(5):223-7.

Less than 50 subjects in relevant age
range.

Liliequist B, Lundberg M. Skeletal and tooth development. A meth-
odologic investigation. Acta Radiologica: Diagnosis. 1971;11(2):97-
112.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Liu J, QiJ, Liu Z, Ning Q, Luo X. Automatic bone age assessment
based on intelligent algorithms and comparison with TW3 method.
Computerized Medical Imaging and Graphics. 2008;32(8):678-84.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Liversidge HM, Buckberry J, Marquez-Grant N. Age estimation.
Annals of Human Biology. 2015;42(4):299-301.

Not an empirical study published in full
text format (abstracts, reviews, other).

Livshits G, Vainder M, Pavlovsky O, Kobyliansky E. Population biolo-
gy of human aging: ethnic and climatic variation of bone age scores.
Human Biology. 1996;68(2):293-314.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Londhe PS, Ahmed Sheikh N. A roentgen graphic study of wrist joint
for age determination in sholapur region of South Maharashtra
(India). Indian Journal of Forensic Medicine and Toxicology.
2010;4(1):38-40.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Low WD, Fung SH, Cerny EE. Biological age of southern Chinese
boys. Zeitschrift fur Morphologie und Anthropologie.

The study population is not living persons

between the ages 10-25 years.
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1976;67(2):136-44.

Low WD, Fung SH, Cerny EE. Biological age of southern Chinese
girls. Zeitschrift fur Morphologie und Anthropologie.
1976;67(3):264-74.

The study population is not living persons
between the ages 10-25 years.

Low WD. Assessing skeletal maturity by inspection and bone-
specific methods with the atlas of greulich & pyle. Zeitschrift fur
Morphologie und Anthropologie. 1975;67(1):1-5.

The study population is not living persons
between the ages 10-25 years.

Ludvigsson J. [Age determination is not racism]. Lakartidningen.
2015;112.

Not an empirical study published in full
text format (abstracts, reviews, other)

Luo J, Lin Z, Lu R. A computer system for bone age measurement of
hand radiographs. [Chinese]. Zhonghua kou giang yi xue za zhi =
Zhonghua kougiang yixue zazhi = Chinese journal of stomatology.
1998;33(6):378-80.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Luo W, Li M, Yun P, Xiao H. [Design and appliation of a kind of bone
age automatic analysis and assessment device]. [Chinese].
Zhongguo vyi liao qgi xie za zhi = Chinese journal of medical instru-
mentation. 2014;38(4):264-6.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Madhu S, Hegde AM, Munshi AK. The developmental stages of the
middle phalanx of the third finger (MP3): a sole indicator in as-
sessing the skeletal maturity? Journal of Clinical Pediatric Dentistry.
2003;27(2):149-56.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mahmoodi S, Sharif BS, Chester EG, Owen JP, Lee R. Skeletal
growth estimation using radiographic image processing and analy-
sis. IEEE transactions on information technology in biomedicine : a

publication of the IEEE Engineering in Medicine and Biology Society.

2000;4(4):292-7.

Less than 50 subjects in relevant age
range.

Mainland D. Evaluation of the skeletal age method of estimating
children's development. |. Systematic errors in the assessment of
roentgenograms. Pediatrics. 1953;12(2):114-29.

The study population is not living persons
between the ages 10-25 years

Mainland D. Evaluation of the skeletal age method of estimating
children's development. Il. Variable errors in the assessment of
roentgenograms. Pediatrics. 1954;13(2):165-73.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Malcolm LA. Growth and development of the Kaiapit children of
the Markham Valley, New Guinea. American Journal of Physical
Anthropology. 1969;31(1):39-51.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Malcolm LA. Growth of the Asai child of the Madang district of New
Guinea. Journal of Biosocial Science. 1970;2(3):213-26.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Malina RM, Chamorro M, Serratosa L, Morate F. TW3 and Fels skel-
etal ages in elite youth soccer players. Annals of Human Biology.
2007;34(2):265-72.

Less than 50 subjects in relevant age
range.

Malina RM. Skeletal age and age verification in youth sport. Sports
medicine (Auckland, NZ). 2011;41(11):925-47.

Not an empirical study published in full
text format (abstracts, reviews, other).

Manos GK, Cairns AY, Rickets IW, Sinclair D. Segmenting radio-
graphs of the hand and wrist. Computer Methods and Programs in
Biomedicine. 1994;43(3):227-37.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Marcondes E, Rumel A, Schvartsman S. [Determination of bone and
tooth age by radiographic examination of children from a middle
socio-economic class]. Revista Da Faculdade de Odontologia Da
Universidade de Sao Paulo. 1965;3(1):185-91.

Less than 50 subjects in relevant age
range.

Marshall D. Radiographic correlation of hand, wrist, and tooth de-
velopment. Dental Radiography & Photography. 1976;49(3):51-72.

Not an empirical study published in full
text format (abstracts, reviews, other).

Marshall WA. Individual variations in rate of skeletal maturation.
Nature. 1969;221(5175):91.

Not an empirical study published in full
text format (abstracts, reviews, other).

Martin DD, Heckmann C, Jenni OG, Ranke MB, Binder G, Thodberg

HH. Metacarpal thickness, width, length and medullary diameter in
children--reference curves from the First Zurich Longitudinal Study.
Osteoporosis International. 2011;22(5):1525-36.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Martin DD, Heckmann C, Neuhof J, Jenni OG, Ranke MB, Binder G.
Comparison of radiogrammetrical metacarpal indices in children
and reference data from the First Zurich Longitudinal Study. Pediat-
ric Radiology. 2012;42(8):982-91.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.
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Martin DD, Neuhof J, Jenni OG, Ranke MB, Thodberg HH. Automatic
determination of left- and right-hand bone age in the first Zurich
longitudinal study. Hormone Research in Paediatrics.
2010;74(1):50-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Martin DD, Sato K, Sato M, Thodberg HH, Tanaka T. Validation of a
new method for automated determination of bone age in Japanese
children. Hormone research in pdiatrics. 2010;73(5):398-404.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Martin DD, Schittenhelm J, Ranke MB, Binder G, Thodberg HH.
Validation of a new adult height prediction method based on au-
tomated determination of bone age in a French population. Hor-
mone Research in Paediatrics. 2010;74:200.

Not an empirical study published in full
text format (abstracts, reviews, other).

Martin DD, Schittenhelm J, Thodberg HH. Validation of adult height
prediction based on automated bone age determination in the
Paris Longitudinal Study of healthy children. Pediatric Radiology.
2016;46(2):263-9.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Martorell R, Yarbrough C, Himes JH, Klein RE. Sibling similarities in
number of ossification centers of the hand and wrist in a malnour-
ished population. Human Biology. 1978;50(1):73-81.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age. Less than 50
subjects in relevant age range.

Mc KT. Estimation of skeletal age from combined maturational
activity. American Journal of Physical Anthropology.
1957;15(3):399-408.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

McCormack MK, Scarr-Salapatek S, Polesky H, Thompson W, Katz
SH, Barker WB. A comparison of the physical and intellectual de-
velopment of black children with and without sickle-cell trait. Pedi-
atrics. 1975;56(6):1021-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Medicus H, Gron AM, Moorrees CF. Reproducibility of rating stages
of osseous development. (Tanner-Whitehouse system). American
Journal of Physical Anthropology. 1971;35(3):359-72.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mellits ED, Dorst JP, Cheek DB. Bone age: its contribution to the
prediction of maturational or biological age. American Journal of
Physical Anthropology. 1971;35(3):381-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Memon N, Memon MU, Junejo MA, Memon J. Age determination
by employing radiological technique in pediatric age groups. Jour-
nal of the Liaquat University of Medical and Health Sciences.
2011;10(2):53-8.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Memon N, Memon MU, Memon K, Junejo H, Memon J. Radiological
indicators for determination of age of consent and criminal respon-
sibility. Journal of the Liaquat University of Medical and Health
Sciences. 2012;11(2):64-70.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mentzel HJ, Vilser C, Eulenstein M, Schwartz T, Vogt S, Bottcher J,
et al. Assessment of skeletal age at the wrist in children with a new
ultrasound device. Pediatric Radiology. 2005;35(4):429-33.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mentzel HJ, Vogt S, Vilser C, Schwartz T, Eulenstein M, Bottcher J,
et al. Assessment of skeletal age using a new ultrasound method.
[German]. RoFo Fortschritte auf dem Gebiet der Rontgenstrahlen
und der Bildgebenden Verfahren. 2005;177(12):1699-705.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Milner GR, Levick RK, Kay R. Assessment of bone age: a comparison
of the Greulich and Pyle, and the Tanner and Whitehouse methods.
Clinical Radiology. 1986;37(2):119-21.

Less than 50 subjects in relevant age
range.

Mimouni M, Shuper A, Mimouni F, Grunebaum M, Varsano |. Re-
tarded skeletal maturation in children with primary enuresis. Euro-
pean Journal of Pediatrics. 1985;144(3):234-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mohite DP, Chaudhary MS, Mohite PM, Patil SP. Age assessment
from mandible: Comparison of radiographic and histologic meth-
ods. Romanian Journal of Morphology and Embryology.
2011;52(2):659-68.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Molinari L, Gasser T, Largo R. A comparison of skeletal maturity and
growth. Annals of Human Biology. 2013;40(4):333-40.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Molinari L, Gasser T, Largo RH. TW3 bone age: RUS/CB and gender
differences of percentiles for score and score increments. Annals of
Human Biology. 2004;31(4):421-35.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.
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Moore RN, Moyer BA, DuBois LM. Skeletal maturation and cranio-
facial growth. American Journal of Orthodontics & Dentofacial Or-
thopedics. 1990;98(1):33-40.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Moore WM. Comparability in skeletal maturation research. Ameri-
can Journal of Physical Anthropology. 1971;35(3):411-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Morris JM, Park JH. Correlation of dental maturity with skeletal
maturity from radiographic assessment. Journal of Clinical Pediatric
Dentistry. 2012;36(3):309-14.

Not an empirical study published in full
text format (abstracts, reviews, other).

Murray JR, Bock RD, Roche AF. The measurement of skeletal ma-
turity. American Journal of Physical Anthropology. 1971;35(3):327-
30.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Mustafa S, Raj AC, Anekar J, Divakar DD, Al Kheraif AA, Ramakrish-
naiah R, et al. Evaluation of dental and skeletal maturity using digi-
tal panoramic radiographs and digital cephalograms. Asian Biomed-
icine. 2015;9(3):335-42.

Less than 50 subjects in relevant age
range.

Nahhas RW, Sherwood RJ, Chumlea WC, Towne B, Duren DL. Pre-
dicting the timing of maturational spurts in skeletal age. American
Journal of Physical Anthropology. 2013;150(1):68-75.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Nicoletti I, Cheli D. [Current methods for the evaluation of the skel-
etal maturation. 1. Adaptation of the T.W.2 method to the Italian
population]. Minerva Pediatrica. 1983;35(21):1083.

Not an empirical study published in full
text format (abstracts, reviews, other).

Niedzwiecka Z, Kopczynska-Sikorska J. Determination of the skele-
tal age of Warsaw children by the TW 2 method. [Polish]. Pediatria
polska. 1985;60(9):625-30.

The study population is not living persons
between the ages 10-25 years

Ning G, Qu HB, Liu GJ, Wu KM, Xie SX, Chen XJ. [TW systems in es-
timation of carpal bone age and their potential applications in di-
agnosis of idiopathic precocious puberty in Chinese girls]. Fa i
Hsueh Tsa Chih Journal of Forensic Medicine. 2007;23(2):97-100.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Nuhoglu B, Ayyildiz A, Fidan V, Cebeci O, Kosar U, Germiyanoglu C.
Do children with primary nocturnal enuresis have a retarded bone
age? A cross-sectional study. International Journal of Urology.
2006;13(2):109-10.

Less than 50 subjects in relevant age
range.

Ochoa BK, Nanda RS. Comparison of maxillary and mandibular
growth. American Journal of Orthodontics & Dentofacial Orthope-
dics. 2004;125(2):148-59.

Less than 50 subjects in relevant age
range.

Oestreich AE. Tanner-Whitehouse versus Greulich-Pyle in bone age
determinations. Journal of Pediatrics. 1997;131(1):5-6.

Not an empirical study published in full
text format (abstracts, reviews, other).

Omelka F, Bystry J, Pohlidal A, Tuma A. [Bone age in boys and ado-
lescents and their growth (final report of a long-term study in
Brno)]. Ceskoslovenska Pediatrie. 1985;40(3):152-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Omondi O. Age estimation in clinical and public health research.
East African Medical Journal. 1985;62(12):861-76.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Ortega-Pertuz Al, Haiter-Neto F, Costa ALF. Atlasbased methods or
TW3?- Estimation of bone age in Brazilians. [Portuguese]. Medicina
(Brazil). 2015;48(2):129-37.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Ostojic SM. Prediction of adult height by Tanner-Whitehouse
method in young Caucasian male athletes. Qjm. 2013;106(4):341-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Ottow C, Kramer JA, Olze A, Schmidt S, Schulz R, Wittschieber D, et
al. Magnetic resonance tomography studies on age estimation of
unaccompanied minor refugees. [German]. Rechtsmedizin.
2015;25(1):12-20.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

QOusley S, Frazee K, Stull K. Assessing bone growth and development
in modern American children. American Journal of Physical Anthro-
pology. 2010;141:183.

Not an empirical study published in full
text format (abstracts, reviews, other).

Pan FP. [A longitudinal study of the relationship between skeletal
age and adolescence]. Chung-Hua Yu Fang i Hsueh Tsa Chih [Chi-
nese Journal of Preventive Medicine]. 1985;19(2):79-82.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Park E. Radiological anthropometry of the hand in Turner's syn-
drome. American Journal of Physical Anthropology.
1977,;46(3):463-70.

A study population with chronic disease or

developmental disorders.
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Pashkova VI, Burov SA. [Possibility of using standard indices of skel-
etal ossification for the forensic medical expertise of determining
the age of children and adolescents living throughout the whole
territory of the USSR]. Sudebno-Meditsinskaia Ekspertiza.
1980;23(3):22-5.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pelech L, Borsky M, Havlik J, Bleha P. Estimation of biological age by
determining the degree of bone and tooth maturation (Czech).
[Czech]. Ceskoslovenska Hygiena. 1976;21(4):180-4.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pelech L, Pechstein J. [Comparative studies of skeletal age in Czech
and Soth German children]. Arztliche Jugendkunde. 1976;67(1):23-
8.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pelech L. Skeletal maturation of children living in areas with a dif-
ferent contamination of the atmosphere. Czechoslovak Medicine.
1978;1(4):203-10.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pichai S, Rajesh M, Reddy N, Adusumilli G, Reddy J, Joshi B. A com-

parison of hand wrist bone analysis with two different cervical ver-

tebral analysis in measuring skeletal maturation. Journal of Interna-
tional Oral Health. 2014;6(5):36-41.

Less than 50 subjects in relevant age
range.

Pickett KE, Haas JD, Murdoch SM, Rivera JA, Martorell R. Early nu-
tritional supplementation and skeletal maturation in Guatemalan
adolescents. Journal of Nutrition. 1995;125(4):10975-103S.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pietka E, Gertych A, Pospiech S, Cao F, Huang HK, Gilsanz V. Com-
puter-assisted bone age assessment: image preprocessing and epi-
physeal/metaphyseal ROl extraction. IEEE Transactions on Medical
Imaging. 2001;20(8):715-29.

Another objective than to compare age
estimation using x-ray of the hand with
known chronological age.

Pietka E, Gertych A, Pospiecha Euro Kurkowska S, Cao F, Huang HK,
Gilzanz V. Computer-assisted bone age assessment: graphical user
interface for image processing and comparison. Journal of digital
imaging : the official journal of the Society for Computer Applica-
tions in Radiology. 2004;17(3):175-88.
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Appendix 6: All analysed results

Difference in chronological age and skeletal age (Greulich & Pyle development
stages) by chronological age intervals in boys

Figures A1-A6: The difference in chronological age (CA) and skeletal age (SA) (develop-
ment stages from the Greulich & Pyle atlas) in the included studies for boys 14 to 19 years
respectively, grouped according to year of chronological age.

CI: Confidence interval of the mean difference

Figure Al

Boys,

14 ar Authors Year Country Size Mean difference [95% Cl]
Griffith 2007 Hong Kong 27 —— -0.75 [-1.11,-0.39]
van Rijn 2001 Netherlands 25 — 0.39[0.14, 0.64]
Zafar 2010 Pakistan 20 —_— -0.70 [-1.33, -0.07]
Suri 2013 Canada 35 — 0.07 [-0.24, 0.38]
Bala 2010 India 1 HH 0.44[0.34, 0.54]
Patil 2012 India 8 —— 0.98[0.72, 1.24]
Mohammed 2015 India 30 T 0.19[-0.33, 0.71]
Patel 2015 India 6 ————— 1.75[-0.02, 3.52]
Nahid 2010 Iran 6 _— 0.94[-0.26, 2.14]
Jimenez-Castellanos 1996 Spain 3 -0.31[-1.27, 0.65]
Chiang 2005 Taiwan 17 -0.13 [-1.99, 1.73]
Koc 2001 Turkey 30 e -0.13 [-0.57, 0.31]
Buken 2007 Turkey 40 - 0.28 [-0.18, 0.74]
Cantekin 2012 Turkey 24 - 0.23[-0.09, 0.55]
Johnston 1963 USA 42 —— -0.32[-0.62, -0.02]
RE Model (Test for heterogeneity, P = 0.00; ?= 88.7%) ——— 0.13[-0.15, 0.41]
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Figure A2
Authors Year Country Size Mean difference [95% CI]

Boys,

15 years Griffith 2007 Hong Kong 12 —_— -0.64 [-1.48, 0.20]
van Rijn 2001 Netherlands 17 —— 0.42[0.02, 0.82]
Zafar 2010 Pakistan 17 —_— -0.47 [-1.38, 0.44]
Suri 2013 Canada 1 s -0.47 [-1.24, 0.30]
Patil 2012 India 9 — 0.17[-0.40, 0.74]
Mohammed 2015 India 30 _— 0.58 [-0.29, 1.45]
Patel 2015 India 8 " 1.08[0.41, 1.75]
Chiang 2005 Taiwan 18 - -1.28[-1.83,-0.73]
Koc 2001 Turkey 18 —.— -0.01[-0.49, 0.47]
Buken 2007 Turkey 28 —_— -0.88 [-1.47,-0.29]
Cantekin 2012 Turkey 18 [ — 0.24[-0.18, 0.66]
Johnston 1963 USA 23 — -0.41[-0.84, 0.02]
RE Model (Test for heterogeneity, P = 0.00; ?= 80.8%) ————— -0.13[-0.51, 0.25]
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Figure A3

Authors Year Country Size Mean difference [95% CI]
Boys,
16 years Griffith 2007 Hong Kong 19 e 056 [-1.17, 0.05]
van Rijn 2001 Netherlands 16 —— 0.34[0.03, 0.65]
Zafar 2010 Pakistan 26 _— -0.65[-1.24, -0.06]
Suri 2013 Canada 32 —_— -0.65 [-1.07, -0.23]
Patil 2012 India 13 — 0.68[0.24, 1.12]
Mohammed 2015 India 32 - 1.21[0.82, 1.60]
Chiang 2005 Taiwan 24 —— -0.82[-1.11, -0.53]
Koc 2001 Turkey 13 —— -0.89 [-1.30, -0.48]
Buken 2007 Turkey 32 —— -0.98 [-1.36, -0.60]
Cantekin 2012 Turkey 18 —a— 0.03[-0.25, 0.31]
Johnston 1963 USA 26 —— -0.37 [-0.71, -0.03]
RE Model (Test for heterogeneity, P = 0.00; ?= 92.8%) ——— -0.24 [-0.66, 0.19]
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Figure A4
Authors Year Country Size Mean difference [95% CI]
Boys,
17 years Griffith 2007 Hong Kong 8 —a— -0.82[-1.08, -0.56]
van Rijn 2001 Netherlands 9 —— 0.03[-0.38, 0.44]
Zafar 2010 Pakistan 19 —_— 0.24 [-0.57, 1.05]
Suri 2013 Canada 31 — -0.60 [-0.95, -0.25]
Patil 2012 India 8 e 0.55[-0.03, 1.13]
Mohammed 2015 India 30 —— -0.53 [-0.94, -0.12]
Chiang 2005 Taiwan 28 —— -0.22[-0.44, -0.00]
Koc 2001 Turkey 4 e -0.52[-1.02, -0.02]
Buken 2007 Turkey 27 —a— -0.95 [-1.24, -0.66]
Cantekin 2012 Turkey 17 - 0.02[-0.12, 0.16]
Johnston 1963 USA 10 _ -0.42[-1.11, 0.27]
RE Model (Test for heterogeneity, P = 0.00; ?= 85.5%) —— -0.33 [-0.59, -0.06]
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Figure A5
BOVS, Authors Year Country Size Mean difference [95% CI]
18 years
Griffith 2007 Hong Kong 9 —— -0.64 [-1.06, -0.22]
van Rijn 2001 Netherlands 1 _ -0.17 [-0.71, 0.37]
Zafar 2010 Pakistan 17 —_— 0.87[0.16, 1.58]
Suri 2013 Canada 35 — 0.01[-0.24, 0.26]
Patil 2012 India 17 —— 0.38[0.06, 0.70]
Mohammed 2015 India 32 —_— 0.71[0.19, 1.23]
Buken 2007 Turkey 18 —_— 0.02[-0.52, 0.56]
RE Model (Test for heterogeneity, P = 0.00; ?= 80.8%) ————— 0.14[-0.23, 0.51]
T T T T T 1
-1.5 -1 -0.5 0 0.5 1 1.5
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Figure A6

Boys,

19 years
Authors Year Country Size Mean difference [95% CI]
van Rijn 2001 Netherlands 9 — 0.36 [-0.01, 0.73]
Buken 2007 Turkey 23 il 0.48[0.36, 0.60]
RE Model (Test for heterogeneity, P = 0.54; ?= 0.0%) - 0.47[0.35, 0.58]
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Difference in chronological age and skeletal age (Greulich & Pyle development
stages) by chronological age intervals in girls

Figures A7-A11: The difference in chronological age (CA) and skeletal age (SA) (develop-
ment stages from the Greulich & Pyle atlas) in the included studies for girls 14 to 18 years
respectively, grouped according to year of chronological age.

CI: Confidence interval of the mean difference

Figure A7

Girls,

14 years Authors Year Country Size Mean difference [95% CI|
Griffith 2007 Hong Kong 9 —_ -0.51[-1.12, 0.10]
van Rijn 2001 Netherlands 13 — -0.35[-0.88, 0.18]
Zafar 2010 Pakistan 7 -————— -1.48[-3.10, 0.14]
Suri 2013 Canada 29 — -0.75[-1.12,-0.38]
Bala 2010 India " i -0.05[-0.22, 0.12]
Patil 2012 India 12 L 0.15[-0.30, 0.60]
Mohammed 2015 India 30 _ -0.51[-1.23, 0.21]
Patel 2015 India 7 _— 0.43[-0.44, 1.30]
Nahid 2010 ran 10 —_— -0.62[-1.23,-0.01]
Jimenez-Castellanos 1996 Spain 3 —_—— -0.50 [-1.05, 0.05]
Chiang 2005 Taiwan 13 -~ -1.30 [-1.89, -0.71]
Buken 2007 Turkey 36 —— -1.10 [-1.40, -0.80]
Cantekin 2012 Turkey 30 - -0.20[-0.52, 0.12]
Johnston 1963 USA 41 —a— -0.59[-0.87,-0.31]
RE Model (Test for heterogeneity, P = 0.00; 2= 77.6%) ——— -0.49 [-0.73, -0.25]
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Figure A8

Girls,

15 years
Authors Year Country Size Mean difference [95% CI]
Griffith 2007 Hong Kong 8 B — -1.00 [-1.71,-0.29]
van Rijn 2001 Netherlands 23 - -0.36 [-0.75, 0.03]
Zafar 2010 Pakistan 5 -——— -1.48 [-2.82,-0.14]
Patil 2012 India 10 —— 0.50[0.17, 0.83]
Mohammed 2015 India 30 - -1.12[-1.50, -0.74]
Patel 2015 India 9 _—— 0.49[-0.10, 1.08]
Chiang 2005 Taiwan 12 - -1.48[-2.05,-0.91]
Buken 2007 Turkey 25 —— -0.39[-0.80, 0.02]
Cantekin 2012 Turkey 36 —— -0.35[-0.58, -0.12]
Johnston 1963 USA 26 — -0.62 [-1.09, -0.15]
RE Model (Test for heterogeneity, P = 0.00; ?= 89.2%) ————— -0.52[-0.94, -0.10]
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Figure A9
Girls,
16 years

Figure A10
Girls,
17 years

Figure A1l
Girls,
18 years
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Authors Year Country Size Mean difference [95% CI]
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Suri 2013 Canada 33 — -0.54 [-0.81, -0.27]
Patil 2012 India 9 —— 0.13[-0.14, 0.40]
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Chiang 2005 Taiwan 11 -— -0.87 [-1.50, -0.24]
Buken 2007 Turkey 32 - -0.95 [-1.34, -0.56]
Cantekin 2012 Turkey 24 ] -0.26 [-0.26, -0.26]
Johnston 1963 USA 31 —— -0.56 [-0.89, -0.23]
RE Model (Test for heterogeneity, P = 0.00; P= 89.8%) —— -0.39[-0.67,-0.11]
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Buken 2007 Turkey 23 —— -0.17 [-0.41, 0.07]
Cantekin 2012 Turkey 18 i -0.03 [-0.17, 0.11]
Johnston 1963 USA 13 - -0.58 [-0.88, -0.28]
RE Model (Test for heterogeneity, P = 0.00; ?= 85.4%) —— -0.13[-0.37, 0.10]
T T T T T 1
-1.5 -1 -0.5 0 0.5 1 1.5
Age difference (CA-SA)
Authors Year Country Size Mean difference [95% CI]
Griffith 2007 Hong Kong 3 —— 0.07 [-0.37,0.51]
van Rijn 2001 Netherlands 14 [ — 0.51[0.17,0.85]
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Suri 2013 Canada 24 —— 0.12[-0.18,0.42]
Patil 2012 India 18 —— 0.63[0.43,0.83]
Mohammed 2015 India 30 i 0.54[0.38,0.70]
Buken 2007 Turkey 17 —a— 0.43[0.16,0.70]
RE Model (Test for heterogeneity, P = 0.07; P= 53.1%) - 0.42[0.27,0.58]
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Chronological age for boys in the development stages 10 years to 19 years from
the Greulich & Pyle atlas

Figures A12-A23: Mean chronological age (CA) in the included studies for boys in devel-

opment stages from 10 years to 19 years from the Greulich & Pyle atlas.

CI: Confidence interval of the mean difference
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Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 8 —_— 10.15 [ 8.68, 10.62]
Zafar 2010 Pakistan 18 ~ 10.58 [9.51, 11.65]
Chaumoitre 2016 France 75 —a— 10.42 [10.15, 10.69]
Test for heterogeneity, p = 0.57 : ' ' ‘ '
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1°=0%
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Authors Year Country Size CA[95% CI]
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Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 11 ——— 12,03 [11.63, 12.43]
Zafar 2010 Pakistan 3 —= 12,84 [12.35, 12.93]
Tise 2011 Italy 10 —— 12.00 [11.77, 12.23]
Chaumoitre 2016 France 54 —— 11.71 [11.40, 12.02]
Test for heterogeneity, p < 0.0001 f T T T !
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Figure Authors Year Country size CA[95% CI]
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stage
Zafar 2010 Pakistan 1 ——————————= 14.02[12.97, 15.07]
13 years
Tise 2011 Italy 14 - 12.50 [12.42, 12.58]
Chaumoftre 2016 France 92 —— 13.15 [12.95, 13.35]
Test for heterogeneity, p < 0.0001 ! J J J !
2=93.9% 12 12.5 13 13.5 14
Chronological Age
Figure Authors Year Country Size CA[95% CI]
Al7
Boys, GP- vanryn 2001 Netherlands 23 — 13.35 [13.01, 13.69]
stage
Zafar 2010 Pakistan 22 ' = 13.70 [12.85, 14.54]
135
years Tise 2012 Italy 13 —— 13.60 [13.32, 13.88]
Chaumoitre 2016 France 62 —— 13.86 [13.42, 13.90]
Test for heterogeneity, p = 0.52 T T T T !
2=0% 125 13 135 14 14.5
Chronological Age
Figure Authors Year Country Size CA[95% CI]
Al18
Boys, GP-  \anripn 2001 Netherlands 1 —_— 13.83 [13.53, 14.33]
stage
Zafar 2010 Pakistan 4 13.92 [11.24, 16.60]
14 years
Tise 201 Italy 59 —— 14.30 [14.11, 14.49]
Chaumoitre 2016 France 64 —— 14.44 [14.18, 14.70]

Test for heterogeneity, p =0.212 T T T T )
2=46.2% 13 13.5 14 145 15

Chronological Age
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Figure Authors Year Country Size CA [95% CI]
Al19
Boys, GP- van Rijn 2001 Netherlands 15 —_— 15.20 [14.88, 15.52]
stage
Zafar 2010 Pakistan N — 14.39 [13.89, 15.08]
15 years
Tise 2011 Haly 2 — . 15.10 [14.92, 15.28]
Chaumoitre 2016 France 25 —_— 15.01 [14.61, 15.41]
Test for heterogeneity, p = 0.222 f T T T !
=002 % 14 145 15 15.5 16
Chronological Age
F|gu re Authors Year Country Size CA[95% CI]
A20
Boys, GP-  \anrin 2001 Netherlands 5 — 15.33 [15.08, 15.61]
stage
Zafar 2010 Pakistan 1 - 18.00 [18.00, 18.00]
155
years Tise 2012 Italy 18 — . 15.00 [14.82, 15.18]
Chaumoitre 2016 France 14 —_— 16.19 [14.67, 16.71]
Test for heterogeneity: Not estimable f ‘ ' '
2= 14.5 15 15.5 16
Chronelogical Age
Figure Authors Year Country Size CA[95% CI]
A21
Boys, GP- van Rijn 2001 Netherlands 9 —_— 16.20 [15.66, 16.74]
stage
Zafar 2010 Pakistan 28 - 14.74 [14.13, 15.35]
16 years
Tise 2011 Italy 60 —— 15.40 [15.23, 15.57]
Chaumoitre 2016 France 25 L 16.28 [15.74, 16.82]
Test for heterogeneity, p < 0.0001 ‘ ' ‘ ‘ '
5 15 155 16 16.5 17
1°=89.9 % i
Chronological Age
Figure Authors Year Country Size CA[95% CI]
A22
Boys GP-  \anrijn 2001 Netherlands 7 —— 16.72 [16.39, 17.05]
stage
Zafar 2010 Pakistan 1B - 16.08 [15.57, 16.59]
17 years
Tise 2011 Italy 35 —— 16.70 [16.55, 16.85]
Chaumoitre 2016 France 76 . 16.52 [18.27, 16.77]
Test for heterogeneity, p = 0.095 : ‘ ' ' '
16 16.5 17 17.5 18

I>=45.0%
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Figure Authors Year Country size CA[95% CI]
A22
Boys GP- van Rijn 2001 Netherlands 12 I 18.22 [17.69, 18.75]
stage
Zafar 2010 Pakistan 34 - 16.64 [16.18, 17.10]
18 years
Tise 2011 Italy 28 —_— 17.70 [17.32, 18.08]
Chaumoitre 2016 France 53 —— 17.79 [17.50, 18.08]
Test for heterogeneity, p < 0.0001 ' ' ‘ ' ‘
17 175 18 185 19
1>=90.2 % )
Chronological Age
Figure Authors Year Country Size CA[95% CI]
A23
Boys, GP-
van Rijn 2001 Netherlands 12 — 18.67 [18.28, 19.06]
stage
19 years Tise 2011 Italy 85 —— 18.80 [18.60, 19.00]
Chaumoitre 2016 France 238 —— 19.35 [19.20, 19.50]
Test for heterogeneity, p < 0.0001 : ' ' ' '
18 18.5 19 195 20

1=90.1%
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Chronological age for girls in the development stages 10 years to 18 years from

the Greulich & Pyle atlas

Figures A24-A33: Mean chronological age (CA) in the included studies for girls in devel-

opment stages from 10 years to 18 years from the Greulich & Pyle atlas.

CI: Confidence interval of the mean difference

Figure Authors Year Country Size CA [95% CI]
A24
Girls, GP-
van Rijn 2001 Netherlands 17 —— 10.30 [9.98, 10.62]
stage
10 years Zafar 2010 Pakistan 7 10.58 [9.28, 11.88]
Chaumoitre 2018 France 84 — . 10.10 [9.88, 10.32]
Test for heterogeneity, p = 0.500 ‘ ‘ ' ‘ ‘
5 9 9.5 10 105 1
’=14% )
Chronological Age
Figure Authors Year Country Size CA[95% CI]
A25
Girls, GP- van Rijn 2001 Netherlands 19 ] 10.81 [10.30, 11.32)
stage
Zafar 2010 Pakistan 5 0,08 [ 8.49, 11.47]
11 years
Tise 2011 Italy 4 - 11.40 [11.18, 11.62]
Chaumoitre 2016 France 70 [ ] 10.72 [10.53, 10.91]
Test for heterogeneity, p < 0.0001 ¢ . ) ! !
10 10.5 1 115 12
1?=84.4%
Chronological Age
Figure Authors Year Country Size CA[95% Cl]
A26
Girls, GP- 41 ijn 2001 Netherlands 2 —— 12.25 [12.00,12.50]
stage
Zafar 2010 Pakistan 4 ————————————= 12.83[11.89,13.77]
12 years
Tise 2011 Italy 15 — - 12.20 [12.01, 12.39]
Chaumoitre 2016 France 49 —— 11.98 [11.73,12.23]

Test for heterogeneity, p = 0.207
2=13.2%
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Figure
A27
Girls, GP-

stage
13 years

Figure
A28
Girls, GP-
stage
13.5
years

Figure
A29
Girls, GP-

stage
14 years

Figure
A30

Girls, GP-
stage
15 years
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Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 14 — 12.79 [12.41,13.17]
Zafar 2010 Pakistan 5 12.83[10.94, 14.72]
Tise 2011 Italy 12 — 13.00 [12.71, 13.29]
Chaumoitre 2016 France 29 -+ — 12.21 [11.88, 12.54]

Test for heterogeneity, p = 0.005
?=755%

I T T T 1
12 125 13 13.5 14

Chronological Age

Authors Year Country Size CA[95% CI]
vanRijn 2001 Netherlands 7 —————— 14.33[13.53,15.13]
Tise 2012 ltaly 4 -—m— 12.80 [12.29, 13.31]
Chaumoitre 2016 France 34 —a— 13.10 [12.74, 13.46]
Test for heterogeneity, p = 0.006 : ‘ ‘ ‘ ‘
12.5 13 135 14 14.5

’=87.1%

Chronological Age

Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 13 — 13.85 [13.38, 14.32]
Zafar 2010 Pakistan 9 - 11.74 [10.66, 12.82]
Tise 2011 Italy 6 14.20 [13.25, 15.15]
Chaumoitre 2016 France 46 —— 13.86 [13.58, 14.14]

Test for heterogeneity, p = 0.002
?=91.5%

I T T T 1
13 13.5 14 14.5 15

Chronological Age

Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 16 = 14.38 [13.00, 15.76]
Zafar 2010 Pakistan 3 - 11.58 [10.15, 13.01]
Tise 2011 Italy 20 —. 14.50 [14.18, 14.82]
Chaumoitre 2016 France 89 —— 14.38 [14.18, 14.58]
. r T T T 1
Test for heterogeneity, p = 0.002
14 14.5 15 155 16

1=96.4%
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Figure
A31
Girls, GP-
stage

16 years

Figure
A32
Girls, GP-
stage

17 years

Figure
A33

Girls, GP-
stage 18
years
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Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 25 — 15.74 [15.39, 16.09]
Zafar 2010 Pakistan 8§ - 14.01 [12.91,15.11]
Tise 2011 Italy 22 — . 16.00 [15.54, 16.46]
Chaumoitre 2016 France 56 —a— 15.82 [15.50, 16.14]
Test for heterogeneity, p = 0.013 ‘ ‘ ‘ ' ‘
) 15 15.5 16 16.5 17
1°=89.3%
Chronological Age
Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 3 —.— 16.70 [16.37, 17.03]
Zafar 2010 Pakistan 12 - 15.70 [14.73, 16.67]
Tise 2011 Italy 7 — 16.80 [16.47,17.13]
Chaumoitre 2016 France 63 —a— 16.71 [16.41,17.01]
. I T T T 1
Test for heterogeneity, p =0.219
16 16.5 17 175 18
’=0% "
Chronological Age
Authors Year Country Size CA[95% CI]
van Rijn 2001 Netherlands 27 — 8= 18.82[18.52,19.12]
Zafar 2010 Pakistan 11 - 16.26 [15.38, 17.14]
Tise 2011 Italy 35 —a—= 18.70[18.26, 19.14]
Chaumoitre 2016 France 173 —— 18.26 [18.09, 18.43]
Test for heterogeneity, p < 0.001 ! ' ‘ ‘ !
17 17.5 18 185 19

1=97.5%

Chronological Age



Mean chronological age by GP skeletal age categories alongside age distribution
of included study participants, boys.

Figures A34-A37: Graphical representation of results for boys from the four studies pre-
senting mean chronological age in GP skeletal age categories. The top part of the chart
shows each GP skeletal age category, with the number of observations (left), mean chron-
ological age (middle point) 95% confidence intervals for population means (brackets)
and one standard deviation on each side (end of lines). The lower part of the figure shows
the number of participants in each year of chronological age.
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Male - Ties 2011
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Mean chronological age by GP skeletal age categories alongside age distribution
of included study participants, girls.

Figures A34-A37: Graphical representation of results for girls from the four studies pre-
senting mean chronological age in GP skeletal age categories. The top part of the chart
shows each GP skeletal age category, with the number of observations (left), mean chron-
ological age (middle point) 95% confidence intervals for population means (brackets)
and one standard deviation on each side (end of lines). The lower part of the figure shows
the number of participants in each year of chronological age.
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Femals — Ticas 2011
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