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Abstract
Introduction:  Although  the  grade  of  fusion  of  the  left  distal  radial  epiphysis  (LDRE)  observed
by magnetic  resonance  imaging  (MRI)  has  been  linked  to  chronological  age  (CA),  its  relationship
to Tanner  stage  of  the  genitals  in  the  Latin  American  population  is  unknown.
Objective:  To  evaluate  the  relationship  of  CA  and  sexual  maturity  with  skeletal  maturity  (SM)
determined  by  MRI  of  the  LDRE  in  adolescent  football  players  from  Medellin,  Colombia.
Materials  and  methods:  Cross-sectional  study  that  included  60  male  football  players  with  cer-
tified legal  age  between  12  and  18  years.  Medical  evaluation  and  MRI  of  the  LDRE  using  a  1.5  T
scanner was  performed  according  to  a  described  protocol.  The  image  reading  was  performed
by 3  blinded  evaluators.  SM  was  classified  as:  A:  immature;  B:  developing;  C:  mature,  and  inter-
and intra-observer  variability  was  assessed.
Results:  Among  the  football  players  included  in  the  study,  the  average  body  mass  index  and  body
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fat were  19.6  ±  2.0  kg/m2 and  11.1  ±  1.2%,  respectively.  A  correlation  of  CA  and  the  Tanner  stage
of genital  maturity  with  SM  (Kendall’s  Tau  b  0.686  and  0.693,  respectively;  P  <  .001)  was  found.
All players  classified  as  stage  C  were  17  or  older  and  Tanner  stage  V.  The  inter-observer  and  intra-
observer  agreement  showed  a  kappa  index  of  0.36  (P  <  .001)  and  0.60  (P  <  .001),  respectively.
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Conclusion:  A  relationship  was  found  between  CA  and  sexual  maturity  and  SM  by  MRI  of  the
LDRE in  adolescent  football  players.  Classification  by  stage  of  SM  in  3  categories  could  be  more
practical and  have  implications  for  competition.
© 2015  Consell  Català  de  l’Esport.  Generalitat  de  Catalunya.  Published  by  Elsevier  España,
S.L.U. All  rights  reserved.
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Relación  de  la  edad  cronológica  y  la  maduración  sexual  con  la  maduración  ósea  por
resonancia  magnética  nuclear  de  la  epífisis  del  radio  distal  en  futbolistas  adolescentes

Resumen
Introducción:  Aunque  el  grado  de  fusión  de  la  epífisis  del  radio  distal  izquierdo  (ERDI)  por  reso-
nancia magnética  nuclear  (RMN)  se  ha  relacionado  con  la  edad  cronológica  (EC),  se  desconoce
su relación  con  el  Tanner  genital  en  población  latinoamericana.
Objetivo:  Evaluar  la  relación  de  la  EC  y  la  maduración  sexual  con  la  maduración  ósea  (MO)  por
RMN de  la  ERDI  en  futbolistas  adolescentes  de  la  ciudad  de  Medellín,  Colombia.
Materiales  y  métodos: Estudio  transversal  que  incluyó  60  futbolistas  hombres  con  edad  legal
certificada  entre  12  y  18  años.  Se  realizó  una  evaluación  médica  y  una  RMN  de  la  ERDI  con
un resonador  de  1.5  T  según  un  protocolo  descrito.  La  lectura  de  la  imagen  fue  realizada  por
3 evaluadores  cegados.  Se  determinó  la  MO  en  tres  estadios  (A:  inmaduros;  B:  en  desarrollo;
C: maduros)  y  se  evaluó  la  variabilidad  inter  e  intra-observador.
Resultados:  Entre  los  futbolistas  incluidos,  se  encontró  un  promedio  de  índice  de  masa  corporal
y porcentaje  de  grasa  corporal  de  19,6  ±  2,0  Kg/m2 y  1,1  ±  1,2%,  respectivamente.  Se  encontró
correlación  de  la  EC  y  el  estadio  de  maduración  por  Tanner  genital  con  la  MO  (Tau  b  de  Kendall
0,686 y  0,693,  respectivamente;  p  <  0,001).  Todos  los  jugadores  clasificados  en  el  grado  C  tenían
17 o  más  años  y  Tanner  estadio  V.  La  concordancia  inter-observador  e  intra-observador,  mostró
un índice  kappa  de  0,36  (p  <  0,001)  y  0,60  (p  <  0,001),  respectivamente.
Conclusión:  Se  encontró  relación  de  la  EC  y  la  maduración  sexual  con  la  MO  por  RMN  de  la  ERDI
en futbolistas  adolescentes.  La  clasificación  por  grados  de  MO  en  3  categorías,  podría  ser  más
práctica  y  tener  implicaciones  para  la  competencia.
© 2015  Consell  Català  de  l’Esport.  Generalitat  de  Catalunya.  Publicado  por  Elsevier  España,
S.L.U. Todos  los  derechos  reservados.
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n  the  lower  divisions  of  Colombian  and  international  foot-
all  leagues,  misconduct  has  been  described  that  falsifies
nd/or  supplants  identity  documents  to  integrate  older  indi-
iduals  into  sports  participation  by  claiming  a  younger  age.
ome  of  these  players  are  perceived  as  talented  players,
hen  in  reality,  they  are  more  mature  individuals  than
ppropriate  for  the  divisions.1,2

The  available  methods  for  determining  bone  age  based
n  X-ray  studies  are  imprecise  and  not  validated  in  our
opulation3;  currently,  screening  procedures  using  X-rays
re  inadequate,  and  research  studies  are  prohibited  from
sing  this  type  of  technique.4

Studies  conducted  at  the  Centre  for  Medical  Research  and
ssessment  of  the  International  Federation  of  Association
ootball  (FIFA,  for  its  initials  in  French)  show  that  Magnetic
esonance  Imaging  (MRI)  of  the  left  distal  radial  epiphysis

LDRE)  can  be  used  to  determine  the  grade  of  skeletal  matu-
ity  (SM)  more  dependably  than  X-ray  techniques.5 In  the
alidation  study  of  the  method,  a  classification  scheme  of

 progressive  grades  was  described  (I---VI),  according  to  the

c

L

usion  of  the  LDRE  in  male  football  players  between  14  and
9  years  old  in  four  different  areas  of  the  world  (Switzerland,
lgeria,  Malaysia  and  Argentina).5 In  this  study  involving
96  players,  it  was  found  that  between  16  and  17  year  olds,
ess  than  1%  had  complete  fusion,  and  at  19  years,  100%
ere  completely  fused.  It  was  concluded  that  this  method
f  evaluating  the  grade  of  SM  by  MRI  of  the  LDRE  is  accu-
ate,  reliable,  and  reproducible.  It  also  offers  a  non-invasive
lternative  for  assessing  the  SM  of  players.

In  addition,  the  same  FIFA  research  group  reported  results
rom  evaluating  SM  of  the  LDRE  by  MRI  in  189  participating
layers  in  4  international  Sub-17  competitions  (FIFA  2003
orld  Cup  Sub-17  Finland,  FIFA  2005  World  Cup  Sub-17  Peru,
sian  Football  Confederation  AFC  Sub-17  2004  Japan,  AFC
ub-17  2006  Singapore).  In  this  study,  there  was  a  lack  of
orrelation  between  reported  age  and  grade  of  fusion,  which
uggested  that  the  players  of  these  competitions  were  more
ature  than  the  reference  population  and  reinforced  sus-
icion  that  the  age  declared  in  official  documents  was  not

orrect  in  all  cases.6

The  average  age  according  to  the  grade  of  fusion  of  the
DRE  by  MRI  can  vary  in  different  regions.5 The  Colombian
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Table  1  Classification  criteria  for  six  and  three  categories
of ossification/fusion  of  the  distal  left  radius  epiphysis  by
nuclear  magnetic  resonance.

Six
categories

Three
categories

Definition

I  A  Completely  unfused
II

B
Early  fusion:  showing  minimal
hyperintensity  within  the
physis

III Trabecular  fusion  of  <50%  of
the  radial  cross-sectional  area

IV Trabecular  fusion  of  >50%  of
the  radial  cross-sectional  area

V
C

Residual  physis,  5  mm  on  any
one  section
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Age,  sexual  and  skeletal  maturity:  a  study  with  MRI  of  wrist

population,  due  to  demographic,  nutritional,  and  social
aspects,  may  exhibit  differences  in  bone  fusion  compared
to  other  Latin  American  and  world  populations.

Although  the  grade  of  sexual  maturity  (Tanner
stage)  has  been  correlated  with  chronological  age
(CA),  various  studies  have  shown  that  maturity  of  the
hypothalamic---pituitary---gonad  axis,  CA  and  SM  according
to  X-rays  are  asynchronous  in  healthy  young  subjects.7,8 No
studies  that  relate  Tanner  stage  and  grade  of  SM  determined
by  MRI  have  been  reported.

The  aim  of  this  study  was  to  evaluate  the  relation-
ship  of  CA  and  sexual  maturity  with  SM  determined  by  MRI
of  the  LDRE  in  adolescent  football  players  from  the  city  of
Medellin,  Colombia.

Methods

A  cross-sectional  study  that  included  male  football  players
belonging  to  clubs  participating  in  tournaments  regulated  by
the  Antioquia  Football  League  in  Colombia  was  conducted.
All  subjects  were  born  from  1st  January  1992  to  31  December
1997,  so  they  were  between  12  and  18  years  by  the  time  of
the  inclusion  in  the  study.

Subjects

Adolescent  football  players  were  included,  with  age  certi-
fied  by  a  direct  copy  of  the  birth  certificate  folio,  with  civil
registration  date  of  birth  up  to  a  maximum  of  3  months  after
the  birth  date.  Once  the  documentation  and  information
corroborated  by  experts  of  the  Colombian  National  Registry
were  evaluated,  the  players  were  invited  by  telephone  or
by  their  coaches  to  participate  in  the  selection  process.

All  participants  and  their  legal  custodians  were  informed
of  the  purpose  of  the  research  and  signed  the  informed  con-
sent  forms  authorised  by  the  Bioethics  Committee  of  the
Medical  Research  Institute  of  the  School  of  Medicine  of
the  University  of  Antioquia.

After  the  players  and  guardians  accepted  participation
in  the  study,  a  medical  evaluation  including  medical  history
information  and  a  complete  physical  examination  was  per-
formed.  The  socioeconomic  strata  were  defined  according
to  official  division  in  Colombian  which  include  six  categories
(level  one  is  lower-low  and  six  is  high).  Anthropometric
measurements,  quantification  of  blood  pressure,  heart  rate,
heart-lung  auscultation,  and  assessment  of  sexual  matu-
rity  stage  were  performed.  Weight  was  measured  with  a
KH-2003B  scale  to  the  nearest  0.1  kg,  height  with  a  wall
mounted  stadiometer  to  the  nearest  0.1  cm  (SECA  208,
Seca  Ltd.,  Hamburg,  Germany),  and  body  mass  index  was
calculated  using  the  equation  weight/height.2 To  estimate
percent  body  fat,  the  Yuhasz  equation  modified  by  Faulkner
was  used  (%fat  =  sum  of  four  skinfolds  (triceps,  subscapu-
lar,  suprailiac,  abdominal)  ×  0.158  +  5.783).9 Skinfolds  were
measured  using  a  Slimguide  brand  adipometer  (Creative
Health  Products,  Plymouth  MI),  and  the  stage  of  maturity  of
sexual  characteristics  was  defined  according  to  the  Tanner

scale.10

Individuals  with  a  history  of  chronic  diseases  (diabetes,
endocrine  disorders,  asthma,  arthritis,  heart  disease),
steroid  use,  fractures  of  the  forearm  or  left  carpus,  or

t
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VI  Complete  fusion  of  distal  left
radius

ontraindications  for  MRI  of  the  LDRE  (presence  of  pacemak-
rs,  cochlear  implants,  metal  clips  in  the  central  nervous
ystem,  or  heart  valves  with  ferromagnetic  components)
ere  excluded.  Once  the  athlete  met  all  the  criteria  for
articipating  in  the  study,  he  was  randomly  assigned  a  three-
igit  code.

agnetic  resonance  imaging  of  the  left  distal  radial
piphysis

RI  of  the  LDRE  was  performed  at  a  specialised  diagnostic
maging  centre  in  Medellin,  Colombia.  To  obtain  the  image,
tandardisation  parameters  and  the  protocol  described  in
esearch  conducted  at  the  FIFA  Medical  Research  Centre
ere  employed.5,6 A  Siemens  1.5  T  MRI  scanner  was  used;

he  wrist  was  placed  overhead  or  alongside  the  body  with
he  palm  facing  anteriorly  in  the  coronal  plane.  Images
ere  stored  in  digital  format  (picture  archiving  and  commu-
ication  system  ---  PACS)  and  were  taken  under  the  same
rotocols;  only  the  diagnostic  centre  technical  staff  had
ccess  to  the  codes  identifying  the  participants.

mage  reading

or  image  reading,  the  recommendations  described  in  previ-
us  research  were  followed.5,6 The  readers,  two  radiologists
nd  a  sports  medicine  physician,  were  blinded  as  to  the  basic
nformation  on  the  participants.  The  results  were  given  in  a
re-set  format  and  in  a  closed  envelope,  which  only  included

 description  of  the  assigned  code,  grade  of  fusion,  and
ignature.  Each  image  was  read  independently  and  at  dif-
erent  times  for  each  evaluator.  Grade  of  fusion  was  the
ost  common  classification  between  the  three  results  of

he  evaluators  (Table  1) (Fig.  1).
According  to  observations  made  by  investigators  and

onsidering  results  from  previous  studies,11 SM  in  football
an  be  divided  into  grades  or  stages  to  give  homogeneity

o  the  competition  and  avoid  difficulties  of  CA.  From  the
lassification  into  six  categories  of  the  grade  of  fusion  of
he  LDRE  by  MRI  proposed  in  previous  studies,5,6 a  simple
e-stratification  was  proposed  in  three  categories  according



132  J.  Bolívar  et  al.

Grade I Grade II

Grade III Grade IV
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Figure  1  Images  showing  the  grade  of  bone  fusion  as  see

o  stages  of  SM:  maturity  stage  A  or  immature  (fusion  grade
),  maturity  stage  B  or  developing  (fusion  grades  II---IV),  and
aturity  stage  C  or  mature  (fusion  grades  V  and  VI)  (Table  1).
Ten  percent  (10%)  of  the  images  were  randomly  selected

nd  re-evaluated  by  one  of  the  readers  to  evaluate  the  intra-
bserver  agreement  by  test-retest.

tatistical  analysis

he  Shapiro---Wilk  tests  were  used  to  assess  whether  the  dif-
erent  quantitative  variables  in  the  entire  sample  and  in
arious  subgroups  came  from  a  normally  distributed  popula-
ion.  To  describe  the  clinical,  anthropometric,  and  sexual

aturity  characteristics  of  the  entire  sample  as  well  as

he  grade  of  bone  fusion,  frequency  and  percent  measure-
ents  were  used  for  qualitative  variables,  and  measures  of

entral  tendency  and  dispersion  were  used  for  quantitative

m
a
D
s

magnetic  resonance  imaging  of  the  distal  radius  epiphysis.

ariables.  If  the  quantitative  variable  came  from  a  normally
istributed  population,  the  average  and  standard  deviation
ere  used;  if  it  came  from  a  population  that  was  not  nor-
ally  distributed,  the  median  and  interquartile  range  were

sed.
The  relationship  of  CA  and  sexual  maturity  with  SM

as  established  from  the  Kendall  correlation  coefficient.
o  assess  differences  in  CA  according  to  grade  of  bone
usion,  nonparametric  Analysis  of  Variance  (ANOVA)  was  used
Kruskal---Wallis  test).

The  kappa  index  was  used  to  perform  analysis  of  inter-
bserver  and  intra-observer  agreement.

Data  from  each  player  were  entered  into  a  Microsoft
xcel  2007  database.  The  information  contained  in  all  for-

ats  was  reviewed  to  verify  its  completion.  For  all  analyses,

 statistical  significance  level  of  ˛  =  0.05  was  used,  and  EPI-
AT  4.0  from  the  Pan-American  Health  Organisation  and  the
oftware  IBM  SPSS  Statistics  version  21.0  were  used.



Age,  sexual  and  skeletal  maturity:  a  study  with  MRI  of  wrist  in  football  players  133

45 did not meet inclusion
criteria

Potential for evaluation

Meet inclusion criteria

Evaluated

Magnetic resonance imaging60

64

96

151

32 were not evaluated

4 with exclusion criteria

the  selection  of  study  participants.

Table  2  Characteristics  of  adolescent  soccer  players
included  in  the  study.

Variables Adolescent  soccer
players  (n  =  60)

Age  (years)  14.9  ±  1.6
Weight  (Kg)  54.1  ±  10.6
Height  (m)  1.6  ±  0.1
Body mass  index  (Kg.m2) 19.6  ±  2.0
Body fat  (percentage) 11.1  ±  1.2

Education  (%)
High  school  89.8%
University  5.0%

Tanner  (%)
I 1.8%
II 14.5%
III 27.3%
IV 23.6%
V 32.7%

Playing  position  (%)
Goalkeepers  5.0%
Sides  18.3%
Centres  11.7%
Wingers  43.3%
Forwards  21.7%

Weekly  training  volume  (hours)  12.0  ±  1.0
Average  sporting  life  (years)  4.3  ±  2.5
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Figure  2  Flowchart  showing  

Results

From  a  total  of  151  players  who  belonged  to  the  selected
clubs,  96  met  the  inclusion  criteria.  Sixty-four  players
attended  the  initial  medical  evaluation;  for  the  others,  tele-
phone  contact  was  not  possible:  they  were  found  outside
of  the  city  or  the  country  at  the  time  of  the  call  as  they
belonged  to  professional  clubs,  or  they  did  not  comply  the
scheduled  appointment.  Of  the  64  players  evaluated,  four
were  excluded  for  medical  reasons  (three  for  a  history  of
left  distal  radius  fracture  and  one  for  asthma).  Finally,  MRI
of  the  LDRE  was  performed  on  60  players  (Fig.  2).

Among  the  60  football  players  included  in  the  study,  the
mean  age,  body  mass  index,  and  percent  body  fat  were
14.9  ±  1.6  years,  19.6  ±  2.0  kg/m2,  and  11.1  ±  1.2%,  respec-
tively.  Among  the  participants,  the  average  sporting  life
was  4.3  ±  2.5  years,  and  the  weekly  training  volume  was
12.0  ±  1.0  h.  A  total  of  89.8%  of  the  players  were  attending
high  school,  and  79.7%  belonged  to  socioeconomic  strata  1,
2,  or  3.  Three  goalkeepers,  11  sides,  7  centres,  26  wingers,
and  13  forwards  were  included  (Table  2).

After  evaluating  the  grade  of  maturity,  considering  sec-
ondary  sexual  characteristics,  no  players  with  signs  of
precocious  or  delayed  puberty  were  found.  According  to  Tan-
ner,  1.8%,  14.5%,  27.3%,  23.6%,  and  32.7%  of  the  athletes
were  in  stages  I,  II,  III,  IV  and  V,  respectively.  According  to
classification  of  the  grade  of  fusion  of  LDRE  by  MRI,  31.7%,
60.0%,  and  8.3%  of  athletes  were  classified  in  stage  A,  B,  and
C,  respectively.

A  correlation  of  CA  and  the  Tanner  stage  of  genital  matu-
rity  with  SM  by  MRI  of  the  LDRE  (Kendall’s  Tau  b  0.686  and
0.693,  respectively;  P  <  0.001)  was  found  (Table  3).

Differences  were  observed  in  the  median  of  age  between
grades  of  fusion  of  LDRE  by  MRI  in  six-  and  three-categories
classifications  (P  <  0.001)  (Fig.  3).

In  Fig.  4,  the  distribution  of  the  grade  of  fusion  of  the
LDRE  by  MRI  in  the  six-  and  three-category  classifications
according  to  age  and  Tanner  stage  is  shown.  All  players  clas-
sified  as  stage  C  were  17  or  older  and  Tanner  stage  V.  Only

27.8%  of  the  football  players  in  Tanner  stage  V  of  the  genitals
were  in  stage  C.

In  the  assessment  of  inter-observer  agreement  of  the
grade  of  epiphyseal  fusion  of  the  LDRE  determined  by  MRI,

t
b
i
(

Data are presented as mean ± SD when appropriate.

 kappa  index  of  0.23  (95%  CI  between  0.10---0.28;  P  < 0.001)
nd  0.36  (95%  CI  between  0.19---0.52;  P <  0.001)  was  found
or  six  and  three  categories,  respectively.  In  the  assess-
ent  of  intra-observer  agreement,  a  kappa  index  of  0.79

95%  CI  0.62---0.96;  P  <  0.001)  and  0.60  (95%  CI  0.21---0.99;
 <  0.001)  was  found  for  the  classification  using  six  and
hree  categories,  respectively.  No  differences  were  found

etween  kappa  indices  when  comparing  inter-observer  and
ntra-observer  agreement  between  the  two  classifications
P  >  0.05).
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Table  3  Correlation  between  chronological  age  and  the  Tanner  stage  of  genital  maturity  and  skeletal  maturity  by  nuclear
magnetic resonance  of  the  distal  radius  epiphysis  in  adolescent  soccer  players.

Variables  (n  =  60)  Age  (years)  Tanner  genital  Grade  of  bone  maturation

Age
(years)

Kendall’s  Tau  b  1.00  0.727  0.686
P value  <0.001  <0.001

Tanner genital Kendall’s  Tau  b  0.727  1.00  0.693
P value  <0.001  <0.001

Grade of  bone Kendall’s  Tau  b  0.686  0.693  1.00
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maturation P value  <0.001

iscussion

n  our  study,  we  found  a  relationship  between  CA,  sex-
al  maturity  by  Tanner  stage  of  the  genitals,  and  SM  by
RI  of  the  LDRE  in  adolescent  football  players  in  Medellin,
olombia.  According  to  CA,  grades  of  fusion  had  higher  dis-
riminatory  ability  in  children  less  than  13  years  old,  where
00%  showed  stage  A.  Additionally,  all  individuals  classified
n  stage  C  were  17  or  older  and  Tanner  stage  V.  These  results
ave  implications  for  competitions,  particularly  in  the  sub-
7  category,  where  the  greatest  difficulties  arise.  In  this
ense,  the  possibility  is  raised  of  restricting  participation
n  global  tournaments  of  that  category  only  to  individuals
ith  stage  A  or  B  of  SM.

The  grouping  into  3  categories,  i.e.,  stage  A,  B,  or  C,
or  LDRE  grade  of  fusion  determined  by  MRI,  allows  a  more
ractical  approach  to  SM  and  avoids  the  confusion  that  can
ccur  with  a  larger  number  of  categories.

Despite  the  positive  correlations  between  CA,  sexual
aturity  by  Tanner  stage  of  genitals  (biological  maturity),

nd  grade  of  bone  fusion  by  MRI  of  the  LDRE,  an  asyn-
hronous  relationship  of  biological  maturity  (BM)  to  bone

usion  was  observed.  While  32.7%  of  individuals  were  Tan-
er  stage  V,  only  8.3%  presented  stage  C  bone  fusion.
hese  findings  corroborate  the  results  described  in  other
tudies  that  have  reported  a  temporal  difference  in  the
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evelopment  of  the  hypothalamic---pituitary---gonad  axis  and
M.7,8

BM  is  a  topic  of  interest  and  controversy  in  different
ealth  areas,  such  as  paediatric  endocrinology,12 forensic
ciences,13,14 and  sports  medicine.15 In  sports  medicine,  it
s  an  important  issue  because  the  development  of  phys-
cal  and  coordinative  abilities  is  related  to  the  grade  of
M.16---18 In  sports,  the  desire  to  win  and  inherent  financial
ewards  have  led  to  misconduct  through  falsifying  or  sup-
lanting  the  legal  documentation  of  sports  players,  primarily
n  football.1

Various  researchers  have  related  aspects  of  BM,  such  as
he  development  of  secondary  sexual  characteristics  (pubic
nd  underarm  hair,  breasts,  genitals),  SM,  and  CA.7 Despite
he  natural  variability  at  age  of  onset  of  puberty,  we  found  a
igh  correlation  between  Tanner  stage  and  CA,  which  could
e  explained  by  sexual  and  ethnic  characteristics  of  our  pop-
lation.  Also,  although  BM  and  SM  are  correlated,  they  are
synchronous  in  the  healthy  adolescent.  One  study  demon-
trated  that  BM  occurs  2---3  years  before  SM.7

The  evaluation  of  SM  has  been  a  research  topic  for
any  years  and  has  been  correlated  with  CA  in  children
nd  adolescents.19 However,  traditional  methods  for  the
valuation  of  skeletal  age  can  underestimate  or  overesti-
ate  CA  by  up  to  5  years.19 These  techniques  are  based  on

ommon  sequential  maturation  of  the  carpal  bones  during
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Figure  4  Distribution  of  the  grade  of  fusion  of  the  distal  radiu
and b)  and  three  (c  and  d)  categories  according  to  age  and  Tann

stages  of  biological  development.  Studies  have  shown  that
between  15  and  17  years  of  age,  the  carpus,  metacarpals,
and  phalanges  are  completely  developed.  For  this  reason,
evaluation  of  SM  at  older  ages  is  based  on  the  grade  of  epi-
physeal  fusion  of  the  radius  and  ulna  because  they  are  the
last  bones  to  fuse.20

The  most  commonly  used  methods  for  assessing  bone
age  are  Fels  and  TW3,  which  use  X-ray  imaging  to  deter-
mine  growth  of  the  carpal  bones  and  wrist.  The  Fels  method
was  developed  in  the  Fels  Longitudinal  Study  and  included
middle-class  people  from  Ohio  in  the  United  States.  In  the
Fels  method,  epiphyseal  fusion  of  the  distal  radius  is  clas-
sified  into  4 grades  for  the  medial  and  lateral  third  and
3  grades  for  the  central  third.  The  Fels  protocol  assigns  cat-
egories  to  specific  indicators  of  maturity  and  uses  ratings  of

the  linear  measurements  of  the  width  of  the  epiphysis  and
metaphysis  of  long  bones.  The  scores  are  entered  into  soft-
ware  (Felshw  1.0)  that  calculates  bone  age  and  the  standard
error  associated  with  the  estimate.21

g
t

t

iphysis  by  nuclear  magnetic  resonance  in  the  rankings  of  six  (a

The  TW3  method  was  developed  in  youth  in  Europe
Great  Britain,  Belgium,  Italy,  and  Spain),  South  America
Argentina),  the  United  States  (Texas),  and  Japan.22 This
echnique  differs  from  its  predecessor,  TW2,  which  was  con-
ucted  primarily  on  the  British  population  in  1950.23 For
W3,  bones  in  the  left  hand  and  wrist  are  compared  with
gures  and  descriptions  of  the  reference  population;  it  is

imited  to  the  radius,  ulna,  and  short  bones  of  the  first,  third,
nd  fifth  phalanx.

Although  both  methods  (Fels  and  TW3)  have  been  widely
sed  throughout  the  world,  they  have  limitations  due  to  the
stimation  of  greater  bone  age  than  chronological  age  in
oung  football  players.8,24 In  addition,  they  are  susceptible
o  inter-  and  intra-observer  variability  related  to  demo-
raphic,  nutritional,  and  health  aspects,  and  there  may  be

enetic  differences  between  the  reference  population  and
he  individuals  to  whom  the  methods  are  applied.25

Different  studies  conducted  by  FIFA  have  shown  that
he  grade  of  fusion  of  the  LDRE  by  MRI  is  correlated  with
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hronological  age  in  adolescent  football  players.5,6 Impor-
antly,  MRI  does  not  have  the  risks  associated  with  radiation
n  minors.  Additionally,  planar  radiographs  of  the  distal
adial  epiphysis  overestimate  fusion  in  the  age  ranges
etween  15  and  19  years  compared  with  MRI.26

Studies  that  evaluate  the  grade  of  fusion  of  the  LDRE  by
RI  do  not  define  a  particular  bone  age  but  rather  grades  of
M  that  are  related  to  CA.  This  method  avoids  the  limitations
f  having  a  bone  age  that  may  be  higher  or  lower  than  CA.
n  addition,  it  could  have  practical  applications  for  estab-
ishing  competition  categories  according  to  grade  of  SM.5,6

lassification  of  the  grade  of  SM  in  3  categories  could  pre-
ict  with  certainty  that  everyone  in  stage  C  is  mature  and  is
t  least  17  or  older.

This  research  work  has  certain  limitations,  such  as  includ-
ng  a  convenience  sample  and  voluntary  participation  of
he  subjects,  which  can  generate  a  selection  bias.  However,
lthough  all  individuals  in  the  sampling  frame  were  invited
o  participate,  not  meeting  inclusion  criteria  limited  the
umber  of  players  finally  assessed.  The  assessed  population
s  from  Antioquia  and  is  not  representative  of  the  different
reas  of  Colombia,  which  vary  demographically  and  nutri-
ionally.  Non-impersonation  of  documentation  is  difficult  to
rove,  as  the  documents  can  be  legal;  however,  our  results
re  similar  to  the  results  reported  in  the  ‘‘standard  popula-
ion’’  of  FIFA,6 and  the  rigour  of  the  established  protocol  for
erifying  documentation  supports  the  information  quality.

Our  results  agree  with  suggestions  made  in  other  studies,
here  the  categorisation  of  competition  is  proposed  accord-

ng  the  grade  of  maturity  and  not  exclusively  CA.11 In  two
ubjects  of  the  same  age,  it  is  possible  to  find  one  individ-
al  at  SM  stage  B  and  the  other  at  stage  C.  Regardless  of
ge,  individuals  classified  as  mature  should  participate  in  the
pper  categories.  Considering  the  classification  of  the  grade
f  SM  would  allow  a  cleaner,  more  homogenous  game  and
ould  ensure  that  immature  or  developing  subjects  compete
ith  their  real  counterparts.

onclusion

 relationship  of  CA  and  sexual  maturity  with  SM  by  MRI  of
he  LDRE  in  adolescent  football  players  was  found.  Differ-
nces  were  observed  in  the  median  of  age  between  grades
f  fusion  of  LDRE  by  MRI.  All  players  classified  as  stage  C
ere  17  or  older  and  Tanner  stage  V.  Classifying  the  grade  of
M  by  stages  A,  B,  or  C  (immature,  developing,  or  mature),
ccording  to  the  fusion  of  the  LDRE  could  be  more  practical
nd  could  have  implications  for  competition.
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