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Introduction

De te rm ination of bone  age  is  a clinical proce dure
us e d in pe diatric radiology to e valuate  s k e le tal m aturity
on th e  bas is  of bone  grow th  in th e  le ft h and and w ris t,
as  s e e n on a radiograph . Th e  de te rm ination of s k e le tal
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INTRODUCTION: De te rm ination of bone  age  is  a clinical proce dure  us e d in pe diatric radiology to e valuate
s k e le tal m aturity on th e  bas is  of bone  grow th  in th e  le ft h and and w ris t, as  s e e n on a radiograph . Th e  de te rm ination
of s k e le tal m aturity (als o re fe rre d to as  bone  age ) plays  an im portant role  in th e  diagnos is  and tre atm e nt of
e ndocrinologic abnorm alitie s  and grow th  dis orde rs  in ch ildre n. In clinical practice , th e  m e th od m os t com m only
us e d to as s e s s  bone  age  is  m atch ing of a radiograph  of th e  le ft h and and w ris t w ith  th e  Gre ulich  and Pyle  atlas .
Aim  of th is  s tudy w as  to de te rm ine  s k e le tal age  by Gre ulich -Pyle  atlas  of th e  h and-w ris t and its  diffe re nce  from
ch ronological age  in m ale s  and fe m ale s  age d 0-19 . MATERIAL AND METH ODS: Th is  w as  a cros s  s e ctional
s tudy conducte d at De partm e nt of Diagnos tic Radiology, Com bine d M ilitary H os pital, for a pe riod of s ix m onth s
(01.01.2017 - 30.06.2017). H ack m an s tudy h ad a total of 406 le ft h and / w ris t radiograph s  (157 fe m ale s  and 249
m ale s ) w e re  age  as s e s s e d us ing GP atlas . Analys is  s h ow e d a s trong corre lation be tw e e n CA and e s tim ate d age
(fe m ale s  R2 = 0.9 39 , m ale s  R2 = 0.9 40) w ith  a p<0.001. R2 = 0.9 45, CI=9 5% , th e n th e  e s tim ate d s am ple  s iz e
w ill be  at le as t n=50. W e  us e d non-probability cons e cutive  s am pling. RESULTS: Total of 100 patie nts  w ith  le ft
or righ t h and-w ris t x-rays  w e re  include d (50 m ale s , 50 fe m ale s ). Th e  age  groups  w e re  brok e n dow n into ye ar
coh orts  and com pare d w ith  GP atlas . Th e  m ale s  s h ow e d ove r-e s tim ation of age  in 11-19  ye ars . It w as  0.15-3.76
m onth s . Fe m ale s  s h ow e d ove re s tim ation of 0.84-2.43 in 1-15 ye ars  age . Male s  h ad unde re s tim ation of age  at
0-10 ye ars  of 3.17-3.31 m onth s . Fe m ale s  age  s h ow e d unde re s tim ation of 0.9 -11.6 m onth s . T-te s t w as  applie d
(m ale s  t=0.25, fe m ale s  t=1.09 ).Analys is  s h ow e d a s trong corre lation be tw e e n CA and SA w ith  R2 = 0.9 8 and
re gre s s ion coe fficie nt=0.9 6 w ith  p<0.05. Th e  diffe re nce  be tw e e n SA and CA is  le s s  th an ± 2 SD. CONCLUSION:
Th e  s tudy s h ow e d th at th e  GP atlas  can be  us e d for age  e s tim ation and applie d to Baloch is tan population but
w ould re com m e nd th at any analys is  tak e s  into account th e  pote ntial for ove r- and unde r-aging as  s h ow n in th e
s tudy.
Ke y w ords : Gre ulich -Pyle  Atlas , Ch ronological age , Sk e le tal Age , Tanne r-W h ite h ous e
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m aturity (als o re fe rre d to as  bone  age ) plays  an
im portant role  in th e  diagnos is  and tre atm e nt of
e ndocrinologic abnorm alitie s  and grow th  dis orde rs
in ch ildre n. In clinical practice , th e  m e th od m os t
com m only us e d to as s e s s  bone  age  is  m atch ing of



a radiograph  of th e  le ft h and and w ris t w ith  th e
Gre ulich  and Pyle  atlas .1

Th e  e s tim ation of s k e le tal age  is  a m e ans  of as s e s s ing
de ve lopm e nt and th e  proce s s  of s k e le tal m aturation
in ch ildre n and adole s ce nts  for clinical or fore ns ic
purpos e s . Th e s e  as s e s s m e nts  involve  com paring th e
s k e le tal age  of a te s t population agains t e s tablis h e d
s tandards . Th e  m os t com m only us e d s tandards  are
th os e  publis h e d in th e  Radiograph ic atlas  of s k e le tal
de ve lopm e nt of th e  h and and w ris t by Gre ulich  and
Pyle .2

Sk e le tal m aturity is  th e  only de ve lopm e ntal indicator
th at re m ains  at h and from  birth  to adulth ood. Sk e le tal
Age  (SA) affords  an e xce lle nt e s tim ate  of th e  grow th ,
de ve lopm e nt, h e alth  and nutrition of a ch ild. Th is
m ak e s  accurate  SA as s e s s m e nt invaluable  for
diagnos tic and th e rape utic de cis ions  in pae diatrics ,
e ndocrinology, orth opae dics  and orth odontics . In
m e dico-le gal cas e s , SA is  re garde d th e  m os t con-
vincing e s tim ate  of age ; its  e s tim ation as s um e s  critical
be aring for as ce rtaining crim inal liability, e s pe cially
in de ve loping countrie s  w h e re  prope rly m aintaine d
birth  re cords  are  ofte n lack ing.3

Lite rature  s h ow s  th at th e  atlas  cons is te ntly ove r-age s
fe m ale s  by 0.20 and 5.73 m onth s . For m ale s , th e re
is  a varying te nde ncy to ove r-age  and unde r age
individuals . Th e  atlas  cons is te ntly ove r-age s  boys
from  1.62 m onth s  and 11.05 m onth s .4

Th e re  is  e vide nce  th at s k e le tal m aturation m ay vary
be tw e e n diffe re nt e th nic and s ocioe conom ic groups
of ch ildre n or am ong ch ildre n living in various  ge ogra-
ph ical locations .5

In th is  s tudy, w e  inve s tigate d as  to w h at e xte nt th e
GP m e th od is  ade q uate  for de te rm ining th e  s k e le tal
age  of ch ildre n in contras t to ch ronological age  in our
s e tup. Baloch is tan is  a province  w h e re  birth s  are  not
routine ly re gis te re d. Th is  s tudy w ill h e lp in age  as s e s s -
m e nt  not only to e ns ure  th at ch ildre n and juve nile s
are  ide ntifie d and tre ate d appropriate ly but als o from
fore ns ic point of vie w  to pre ve nt adult crim inals  from
ge tting juve nile  righ ts  and vice  ve rs a. Unfortunate ly
in Pak is tan th e  s tudie s  done  are  lim ite d to th e  tim e
of appe arance  and fus ion of os s ification ce ntre s .6

Th e  pre s e nt cros s  s e ctional s tudy w ill provide  pre li-
m inary obs e rvations  on bone  m aturity in Baloch is tan
w h e re  no s uch  inform ation is  at pre s e nt available .
Gre ulich  Pyle  is  th e  m os t fre q ue ntly us e d as  it is  e as y
and fas t to us e . In th is  m e th od a radiograph  of th e

201PJR July - September 2018; 28(3)PAK ISTAN J OU RNAL OF RAD IOLOGY

le ft h and is  com pare d w ith  a s e rie s  of radiograph s  of
k now n age . Th e s e  s tandards  w e re  com pile d from
re s e arch  conducte d on norm al w h ite  ch ildre n in th e
Unite d State s  during th e  19 30s . Th e  applicability of
th e  GP m e th od be yond populations  dis s im ilar to its
ow n h as  be e n s h ow n to be  variable .7

OPERATIONAL DEFINITION:
Sk e le tal age : It is  th e  as s e s s m e nt of s k e le tal m aturity
unde rtak e n on th e  bas is  of de gre e  of m aturation of
e piph ys is  (at birth , e piph ys e s  us ually pre s e nt at th e
e nds  of th e  long bone s  are  not pre s e nt. As  a ch ild
grow s  th e  e piph ys e s  appe ar and be com e  calcifie d
and fus e s  w h ich  appe ars  on th e  x-rays ) to norm al
age -re late d s tandards  advis e d by GP atlas .

Ch ronological age : Age  of a pe rs on m e as ure d in
ye ars , m onth s , and days  from  th e  date  th e  pe rs on
w as  born. It w ould be  inve s tigate d from  th e  guardian/
pare nt by as k ing for birth  ce rtificate .

Mate rial and Me th ods

Study De s ign: Cros s  s e ctional s tudy
Se tting: D iagnos tic Radiology de partm e nt of
Com bine d M ilitary H os pital, Que tta.
Duration of Study: S ix m onth s  (01.01.2017-
30.06.2017)
Sam ple  s iz e : Th e  s am ple  s iz e  w as  calculate d by
us ing W H O s am ple  s iz e  calculator. H ack m an4 s tudy
h ad a total of 406 le ft h and / w ris t radiograph s  (157
fe m ale s  and 249  m ale s ) w e re  age  as s e s s e d us ing
GP atlas . Analys is  s h ow e d a s trong corre lation be t-
w e e n CA and e s tim ate d age  (fe m ale s  R2 = 0.9 39 ,
m ale s  R2 = 0.9 40) w ith  a p<0.001. R2 = 0.9 35, CI=9 5% ,
th e n th e  e s tim ate d s am ple  s iz e  w as  at le as t n=50.
Sam ple  Te ch niq ue : Non-probability Cons e cutive
s am pling

Sam ple  Colle ction:
Th e  inclus ion crite ria: Th e  participants  of th e  s tudy
w e re  both  boys  and girls  h aving ch ronological age
le s s  th an 19  ye ars  de te rm ine d by th e ir birth  ce rtificate ,
vis iting to th e  radiology de partm e nt of Baloch is tan
origin.



Th e  e xclus ion crite ria: (1) Th os e  w ith   gigantis m
(m acrodactyle ), Turne r’s  s yndrom e  (s h ort 4th  m e ta-
carpal), Kline fe lte r’s  s yndrom e  ( angulation at an
inte rph alange al joint affe cting 5th  digit), Marfan’s
s yndrom e  ( s pide r finge rs ), H urle r’s  dis e as e  ( pointing
of proxim al m e tacarpals ), Ach ondroplas ia ( s h ort
h ands  w ith  s tubby finge rs , s e paration be tw e e n th e
m iddle  and ring finge rs ). (2) Patie nts  of oth e r th an
Baloch is tan origin and re fuge e s . Th e s e  are  e xclude d
to re m ove  bias  from  th e  re s ults .

DATA COLLECTION PROCEDURE: A total of 100
participants  of Baloch is tan  including 50 boys  and 50
girls  w e re  include d in th e  s tudy. Th e  participants  w e re
th e  ch ildre n of 0 to 19  ye ars  of age  vis iting outpatie nts
and Diagnos tic Radiology de partm e nt of Com bine d
Military H os pital, Que tta fulfilling th e  inclus ion crite ria.
Approval of th e  s tudy w as  tak e n from  th e  h os pital
e th ical com m itte e . Inform e d w ritte n cons e nt w as  tak e n
from  th e  guardian of th e  ch ildre n be fore  including in
th e  s tudy. Th e  w h ole  s tudy s am ple  w as  divide d into
4 s ubgroups  (0 to 4 ye ars , 5 to 9  ye ars , 10 to 14
ye ars  and 15 to 19  ye ars ). Th e  im ple m e ntation of th e
Patie nt adm inis tration s ys te m  (PAS) w as  pros pe ctive ly
s e le cte d for inclus ion.  Radiograph s  w e re  unre ve ale d,
w ith  th e  om is s ion of inform ation on age  and s e x of
th e  individual. Th e  e s tim ate d bone  age s  from  plain
Radiograph y and h and w ris t x-ray re s ults  inte rpre te d
by us e  of Gre ulich  pyle  atlas  w e re  corre late d by th e
radiologis t for e s tim ation of s k e le tal age . Th e  Me an
diffe re nce s  be tw e e n SA and CA w as  docum e nte d
and diffe re nce s  in m onth s  w e re  as s e s s e d in all age
groups  be tw e e n m ale s  and fe m ale s  us ing Gre ulich
pyle  atlas  as  a re fe re nce . Th e  atlas  of Gre ulich  and
Pyle , offe ring s tandards  of s k e le tal de ve lopm e nt of
w h ite  North  Am e rican ch ildre n, w as  us e d as  re fe re nce
and th e  accuracy w as  as s e s s e d in conte m porary
s am ple  from  Baloch is tan population. Th e  re s ults
acq uire d w e re  annotate  on th e  os s ification proce s s
in girls  and in boys  and als o docum e nte d w h ich
ge nde r w as  e arlie r th an oth e r. In ge ne ral, th e  h igh e s t
agre e m e nt be tw e e n bone  age  and ch ronologic age
w as  for th e  os s ification ce nte rs  of th e  dis tal e piph ys is
of th e  ulna and radius  and for th os e  of th e  m e tacarpal
bone s . O bs e rve r w as  blinde d to inform ation on CA
at th e  tim e  of as s e s s m e nt of th e  radiograph s  to avoid
bias  of th e  re s ults . Th e  re lations h ip be tw e e n CA and
SA w as  e xam ine d for e ach  one  ye ar age  group, to
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de te rm ine  th e  applicab ility of th e  m e th od to
Baloch is tan population. Bas ic de m ograph ic inform ation
including nam e , age , ge nde r, CA and e s tim ate d age
by Gre ulich  pyle  Atlas  w as  re corde d on a pre de s igne d
Proform a.

DATA ANALYSIS PROCEDURE: Data analys is  w as
pe rform e d us ing th e  (SPSS v 15) s tatis tical s oftw are .
De s criptive  s tatis tics  w e re  us e d to calculate  m e an
and s tandard de viation for Quantitative  variable s  lik e
ch ronological age , s k e le tal age  and diffe re nce  in
ch ronological age  and s k e le tal age . Th e  diffe re nce
be tw e e n CA and SA w as  calculate d by s ubtracting
th e  CA from  th e  SA. A ne gative  value   indicate d th at
th e  individual h ad be e n unde r age d, and a pos itive
value  indicate d an individual w h o h ad be e n ove r age d
us ing th e  GP atlas . Fre q ue ncy w ith  pe rce ntage s  w e re
pre s e nte d for Qualitative  variable s  lik e  ge nde r and
age  groups .
Spe arm an corre lations  coe fficie nt w as  applie d to
corre lation ch ronologic age  to s k e le tal age  in both
ge nde rs . P-value   0.05 w as  cons ide re d s ignificant.

Re s ults

Th is  is  a pros pe ctive  s tudy involving total of 100
ch ildre n age d be tw e e n 0 to 19  ye ars  old. Th e re  are
50 m ale s  and 50 fe m ale  X- rays  of h and and w ris t.
All th e  X-rays  w e re  s tudie d and a s k e le tal age  w as
as s igne d to th e m  according to Gre ulich  and Pyle
(19 59 ) atlas . Both  righ t and le ft h and X-rays  w e re
include d. In total le ft h and X-rays  w e re  45 and righ t
h and X-rays  w e re  55. Th e  q ue s tion of conce rn is
w h e th e r th e  de gre e  of s k e le tal de ve lopm e nt is  s im ilar
in e ach  of th e  tw o h ands  or not. Th is  is  e xplaine d by
s tudy conducte d by Dre iz e n e t al. (19 57) w h o found
th at th e  diffe re nce  be tw e e n s k e le tal age s  of tw o h ands
e xce e de d 3 m onth s  in only 13%  of th e  ch ildre n and
th at it w as  m ore  th an 6 m onth s  in only 1.5%  of th e
ch ildre n w h ich  s h ow e d th at th e  diffe re nce  w as
ne gligible  and ins ignificant. Th e re fore  de m arcation
on th e  bas is  of righ t and le ft h and w ris t X-rays  w as
not done  and w e re  tak e n toge th e r.
Th e  num be r of X-rays  in both  s e xe s  w e re  alm os t th e
s am e  in all age  groups  e xce pt 16-20 ye ars , w h e re



only tw o x-rays  w e re  include d (Fig. 1). X-rays  from
both  righ t and le ft h ands  w e re  include d (Fig. 2).
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on th e  bas is  of ye ar coh ort for both  m ale  and fe m ale
s ubje cts . For fe m ale s , age  w as  found to be  cons is te ntly
ove r-e s tim ate d in all four age  groups . W ith  re gard to
th e s e  ove r-e s tim ations , th e s e  are  found to vary from
a m inim um  of 0.84 m onth s  to a m axim um  of 15.77
m onth s . Th e  unde r-e s tim ations  w e re  found to vary
from  a m inim um  of 0.9  m onth s  to a m axim um  of 11.6
m onth s . For m ale s , ove r-e s tim ations  w e re  found
am ong th os e  age d 11-20 ye ars . Th e s e  ove r-
e s tim ations  w e re  found to vary from  a m inim um  of
0.15 m onth s  to a m axim um  of 3.76 m onth s .
Additionally, unde r-e s tim ations  w e re  found am ong
th os e  age d 0-10 ye ars . Th e s e  unde r-e s tim ations  w e re
found to vary from  a m inim um  of 3.17 m onth s  to a
m axim um  of 3.31 m onth s . (Fig. 3) pre s e nts  box plots
and w h is k e rs  of actual age  dis cre pancy  m ale  s ubje cts .

Figure  1: H is togram  of age  of th e  patie nts  (n=100)

Figure  2: Site  w ith  re s pe ct to ge nde r (n=100)

Th e  (Tab. 1) re pre s e nts  th e  com paris on of CA and
SA.  An  unde r-aging of 0.25 m onth s  for fe m ale s  and
an ove r-aging of 1.14 m onth s  for m ale s  is  s h ow n
ove rall. Th e  t-te s t value  for m ale s  is  -0.25 and for
fe m ale s  is  1.09 .
(Tab. 2) s um m ariz e s  th e  m e an, range  and th e  s tandard
de viation of th e  re s idual age  (m onth s ) for  fe m ale s
in four divide d grou ps . D iffe re nce s  b e tw e e n
ch ronological and s k e le tal age  w e re  e xplore d furth e r
by calculating m e an diffe re nce s  in m onth s  s e parate ly

Male (n=50)

Female (n=50)

Gender t-test

Table  1: Com paris on of ch ronological age  and s k e le tal age  for
m ale  and fe m ale

Chronological
Age

130.16 ± 66.95

108.62 ± 53.69

130.41 ± 64.83

107.48 ± 54.80

-0.25 ± 7.12

1.14 ± 7.36

-0.25

1.09

0.80

0.27

P-ValueDifferenceSkeletal
Age

Paire d  t te s t applie d

0-5 Years

6-10 years

11 -15 Years

16 – 19 years

Age Groups

Table  2: Me an, range  and (SD) of re s idual age  (m onth s ) in fe m ale
by 5 ye ars  age  groups

N

13

15

20

2

Mean Residual
difference

0.84

2.43

2.06

-15.77

Range of residual
in months

9.7, -5.4

15.7, -11.6

13.4, -0.9

-22.8, -8.8

Standard
deviation

4.07

8.43

6.29

9.91

Figure  3: Box and w h is k e rs  plot be tw e e n ch ronological age  in
ye ars  and re s idual age  in m onth s  for m ale  patie nts  (n=50)



It furth e r confirm  th e  re s ults  jus t pre s e nte d in th at
age , dis cre pancy te nds  to ce ntre  around z e ro in both
cas e s . Spe cifically, w h ile  th e  follow ing tw o figure s
indicate  s om e  variation in pre diction accuracy on th e
bas is  of s ubje ct age  (i.e ., variability is  h igh e r am ong
fe m ale  s ubje cts  age d 8, 9  and 11, w h ile  variability is
h igh e r am ong m ale  s ubje cts  age d 4, 6 and 11).
Th e  s catte r plot indicate d in (Fig. 4) re pre s e nt a pos i-
tive  line ar as s ociation be tw e e n s k e le tal and ch rono-
logical age  for fe m ale s  s ubje cts . Pe ars on’s  corre lation
coe fficie nt w as  als o conducte d s e parate ly for fe m ale
and m ale  s ubje cts  be tw e e n s k e le tal and ch ronological
age . A s trong corre lation coe fficie nt of 0.9 9  w as  found
be tw e e n s k e le tal and ch ronological age  for both
fe m ale  and m ale  s ubje cts  (p < 0.05).
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Follow ing th is , s am ple  paire d t-te s ts  w e re  conducte d
com paring ch ronological and s k e le tal age  on th e
bas is  of s ubje ct s e x. No s tatis tical s ignificance  w as
ach ie ve d in re gards  to fe m ale s  h ow e ve r s tatis tical
s ignificance  w as  indicate d w ith  re s pe ct to m ale
s ubje cts  (p < 0.05).
Th e  re s ults  of th e  Pe ars on’s  corre lations  w e re  be ing
conducte d. Strong corre lations  w e re  found in all cas e s ,
w ith  s tatis tical s ignificance  als o be ing found in all four
cas e s  (p < 0.05). Additionally, th e  9 5%  confide nce
inte rvals  calculate d for e ach  of th e s e  four corre lations
als o indicate d pos itive  corre lations  be ing pre s e nt
acros s  th e s e  confide nce  inte rvals .

Line ar re gre s s ion w as  conducte d w h ich  include d
s k e le tal age  as  th e  pre dictor and ch ronological age
as  th e  de pe nde nt variable . (Tab. 3) pre s e nts  th e
re s ults  of th e s e  analys e s , w ith  s e parate  re gre s s ions
conducte d on th e  bas is  of s ubje ct s e x. Th e  R2 value
for both  fe m ale s  and m ale s  w as  found to be  0.9 8
(p < 0.05).

Figure  4: Scatte r plot be tw e e n ch ronological age  and s k e le tal
age  in m onth s  for fe m ale  patie nts  (n=50)

Male

Female

Gender

Table  3: Corre lation and re gre s s ion coe fficie nt for both  m ale  and
fe m ale  for th e  age  e s tim ation w ith  ch ronological and s k e le tal age

Correlation
Coefficient

0.995

0.991

Regression
Coefficient

R2 Value t-value P-value

0.96

1.011

0.989

0.982

66.84

51.24

0.0005

0.0005

De pe nde nt variable  is  ch ronological age  and pre dictor is  s k e le tal age .
Spe arm an and Pe ars on corre lation coe fficie nt are  s am e

Dis cus s ion

In th e  las t fe w  de cade  s ch olars  de bate  on th e  e ffe ct
of pube rty, nutrition, s ocioe conom ic s tatus , ge ograph ic
location and e th nicity on s k e le tal m aturation and
s k e le tal age  in both  s e xe s . Age  h as  be e n indicate d
as  one  of th e  m os t e s s e ntial factors  for e s tablis h m e nt
of th e  ide ntity of an individual and de te rm ination of
th e  grow th  factors  re late d to th e  individual. Th e
q ue s tion rais e d ove r pas t de cade s  in m ultiple  s tudie s
conducte d w orldw ide  and is  to w h e th e r th e  Gre ulich
and Pyle  s tandards  s e t in 19 59  are  s till applicable
on curre nt population and als o w h e th e r th e  population
s k e le tal m aturation us e d at th at tim e  is  diffe re nt to
curre nt population. To ans w e r th e s e  q ue s tions  a m ulti-
ce ntre  longitudinal s tudy ne e ds  to be  unde rtak e n8,9

including ch ildre n of all race s  and e th nicity and tak ing
into account diffe re nt ge ograph ic locations . As  th is
is  a s e t s tandard and is  us e d in im portant fie lds  of
life  lik e  m e dical fie ld for as s e s s ing grow th  abnorm a-
litie s  and re s pons e  to tre atm e nts , fore ns ic, crim inal
and le gal cas e s  for traffick ing victim s  and ille gal im m i-
grants . it is  im portant th at th is  te ch niq ue  s h ould be
continuous ly ch e ck e d and  inve s tigate d e s pe cially in
de ve loping w orld.
Th e  curre nt s tudy is  bas e d on conte m porary Baloch is -
tan population and as s e s s ing th e  applicability of
Gre ulich  and Pyle  (19 59 ) atlas  on our population. In
curre nt s tudy th e  m axim um  num be rs  of s ubje cts  w e re
s e e n in 2-4 and 8-12 ye ar old. H igh  num be r of s ubje ct
are  s e e n in s am e  age  group in th e  s tudy of Nah id e t
al. (2009 ) and is  furth e r s upporte d by M ora e t al.



(2001) and Griffith  e t al. (2007) w h o als o h ad ade q uate
num be r of X-rays  in th e ir pre  pube rtal groups . Th e
re as on could be  as  th is  particular age  group is  involve d
m ore  in s ports  and re cre ational activitie s  and s o m ore
pre s e ntations  to Em e rge ncy De partm e nt w ith  traum a.
It is  im portant to h ave  an ade q uate  num be r of X-rays
in pube rtal age  groups  w h ich  is  s e e n in our s tudy
and s tudy of Be une n e t al,10 Murata e t al,11 Lode r e t
al8 and H ack m an e t al4 als o indicate d th e  im portance
of h aving good num be r of participants  in th e s e  age
groups  s o th at s k e le tal diffe re nce  m igh t com e  out
cle arly be caus e  of th e  e xpe cte d variation brough t out
due  to th e  pube rtal ch ange . Sm alle r num be r of X-
rays  is  s e e n in age  group 0 in both  s e xe s . Th e  re as on
m igh t be  th e  avoidance  of unne ce s s ary X-ray e xpo-
s ure  due  to its  h az ardous  e ffe cts . Sm all num be r in
e arly ch ildh ood ye ars  w as  s e e n in s tudy of Onte ll e t
al,9  H ack m an e t al4 and Paxton e t al.6

Gre ulich  and Pyle  (19 59 ) did not cons ide r diffe re nt
e th nicitie s  w h e n s tandardiz ing th e  atlas  for s k e le tal
de ve lopm e nt of ch ildre n and adole s ce nts . Sutow 12

m e ntione d in th e  s tudy about th e  e ffe cts  of e th nicity
caus ing re tardation of s k e le tal age . Sutow 12 dis cus s e d
racial diffe re nce s  to be  am ong th e  caus e s  of re tar-
dation of s k e le tal m aturation am ong th e  Japane s e
ch ildre n. Sutow 12 s ough t a s am ple  of 89 8 ch ildre n of
th e  Japane s e  origin from  San Francis co, California.
Th e s e  w e re  age d be tw e e n 5 and 18 ye ars . Boys
be tw e e n 13 and 17 and girls  be tw e e n 10 and 17
s h ow e d com parative  acce le ration. Th is  is  as  contras -
te d to Gre ulich  and Pyle  5-7 ye ar age  group (Gre ulich
and Pyle , 19 59 ).  Sutow 12 attribute d th e  tre nd to th e
fact th at th e  ch ildre n from  th e  Japane s e  de s ce nde nt
did not h ave  favourable  e nvironm e ntal and nutritional
conditions .
Th e  curre nt s tudy s h ow e d th at th e  diffe re nce  be tw e e n
s k e le tal and ch ronological in m ore  th an 9 5%  s am ple
is  le s s  th an th e  ± 2 SD advis e d in th e  Gre ulich  and
Pyle  (19 59 ) atlas , w ith  fe w  outlie rs . According to th e
as s um ption  m ade  by Gre ulich  and Pyle  (19 59 ) atlas
“th at one  s tandard de viation above  and  be low  th e
s k e le tal age  corre s ponding to th e  ch ild’s  ch ronological
age  w ill include  approxim ate ly tw o th ird of w h ite
ch ildre n in th is  country w h o are  ade q uate ly nouris h e d
and in good h e alth ; th at tw o s tandard de viations  w ill
include  about 9 0%  of all s uch  ch ildre n, in addition to
s om e  w h os e  s k e le tal de ve lopm e nt is  de laye d as  re s ult
of dis e as e  of nutritional inade q uacy; and th at a diffe -
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re nce  of m ore  th an tw o s tandard de viations  above
or be low  th e  m e an w ould m ak e  it h igh ly probable  th at
th e  ch ild is  abnorm ally advance d or de laye d”. Van
Rijn e t al13 and Moradi e t al14 found th at th e  diffe re nce
be tw e e n ch ronological and s k e le tal age  w as  le s s
th an th e  ± 2 SD th at Gre ulich  and Pyle  (19 59 ) m e n-
tione d s upporting th e  findings  in curre nt s tudy.
For th e  curre nt s tudy, th e  diffe re nce  be tw e e n s k e le tal
and ch ronological age  is  found to be  le s s  w h e n com -
pare d to th e  pre vious ly atte m pte d s tudie s  conducte d
w orldw ide . Th e  s tandard de viation for th e  fe m ale s  in
e ntire  s am ple  w as  4.07-6.29  (cons ide ring th e  m axi-
m um  groups ) and 5.71-7.9 1 for m ale s  w h e re as  th e
range  note d in th e  Gre ulich  and Pyle  (19 59 ) atlas  for
fe m ale s  w as  be tw e e n 0.72 to 7.31 and in m ale s  w as
0.6 to 13.0 m onth s  as  pe r Brus h  foundation s tudy
and 2.7 to 11.2 and 2.1 to 15.4 for fe m ale s  and m ale s
as  pe r th e ir ow n s tandards  de rive d from  s tudy in
Bos ton. Th e s e  re s ults  s upport th e  clinical applicability
of th e  Gre ulich  and Pyle  (19 59 ) m e th od for Baloch is tan
ch ildre n and adole s ce nts  as  long as  th e  s tandard
de viations  are  unde r ± 2 SD as  s ugge s te d by Gre ulich
and Pyle  (19 59 ). Th e  gap be tw e e n ch ronological and
s k e le tal age  th ough  s m all for m os t of th e  data but
th e  outlie rs  in th e  curre nt s tudy s h ould be  cons ide re d
w h e n as s igning age  in fore ns ic us e  due  to th e  fact
th at in clinical s ituations  th e  date  of birth  is  provide d
but in fore ns ic s ituations  th e  h is tory and back ground
for age  e s tim ation is  not k now n in m os t of th e  cas e s .
Th e  gap can s till be  jus tifie d w ith  th e  fact th at m atu-
ration ch ange s  w ith  re s pe ct to tim e . According to
H im e s ,15 th e re  is  0.22-0.66 ye ars  incre as e  in s k e le tal
m aturation pe r ye ar/de cade  w ith  ch ange s  s e e n m ore
in age s  of fus ion.
All th e  outlie rs  w e re  include d in th e  s tudy as  it is  true
re pre s e ntation of th e  data. Th e  re as on for th e  fe w
outlie rs  m ay be  due  to th e  s ys te m atic e rror on th e
as s e s s or’s  part for e xam ple  a bone  can be  ove r-age d
or unde r-age d th an its  actual value  caus ing variations
in th e  re s ults . H ow e ve r it s h ould be  note d th at it is
random  and could incre as e  th e  variation w h e n be ing
cons ide re d on its  ow n but balancing th e  e rror w h e n
tak e n in group. Th e  variability in as s e s s ing th e  s k e le tal
age  is  low e r for th e  carpal bone s  as  com pare d to
oth e r bone s  of th e  h and-w ris t.16,17 Th is  could incre as e
th e  ch ange ability of th e  s k e le tal age s  notice d for
th e s e  bone s . Th e  oth e r pos s ible  re as on could be  th at
at th e  tim e  of pre s e nting to Em e rge ncy De partm e nt



w ith  traum a th e re  m igh t h ave  be e n an unde rlying
path ology w h ich  w as  not diagnos e d or w as  not
appare nt at th at point of tim e .
Th e  re s ults  in (Tab. 5) s h ow e d th at th e  corre lation
coe fficie nt be tw e e n s k e le tal and ch ronological age
of both  fe m ale  and m ale  s ubje cts  is  0.9 9 . Bük e n e t
al18 found h igh  corre lation w ith  r = 0.88 for girls  and
r = 0.9 0 for m ale s . Th e  s tudy indicate d for both  fe m ale s
and m ale s  a R2 value  0.9 8 and re gre s s ion coe fficie nt
of 0.9 6 for m ale s  and 1.011 for fe m ale s  (p < 0.05)
indicate d by th e  obs e rve r. Th e  variation is  h igh  at
9 8%  indicating th at th e  re lations h ip be tw e e n th e
ch ronological and s k e le tal age  is  pos itive  and h igh ly
corre late d. H ack m an e t al4 s h ow e d an R2 value  of
0.9 3 and 0.9 4 w ith  re gre s s ion coe fficie nt of 0.89  and
0.9 7 for fe m ale s  and m ale s  (p < 0.001) re s pe ctive ly.
Th is  s tudy als o s upports  th at ch ronological age  is
clos e ly re late d to s k e le tal age . Th e  coe fficie nt obtaine d
in both  s tudie s  w as  com parative ly low e r th an th e
curre nt s am ple  s tudy.
It is  note d th at s k e le tal m aturation is  s e x s pe cific and
diffe re nt in m ale s  and fe m ale s  re s pe ctive ly.19  In th e
curre nt s tudy, both  s e xe s  s h ow  diffe re nt patte rn of
re s ults  ye t s till w ith in th e  range  of Gre ulich  and Pyle
(19 59 ) s tandard de viations . Th e  re s ults  w e re  s e parate
for fe m ale s  and m ale s . Th is  s tudy found out th at th e re
h as  be e n a ge ne ral m ixe d patte rn for both  unde r-
aging and ove r-aging in both  s e xe s . Th e  ove r-aging
range d from  0.84 to 2.43 m onth s  from  th e  age  1 to
15 ye ars  in fe m ale s , s h ow ing th at girls  are  ove r-
e s tim ate d. Th is  ove r-e s tim ation in age s  1 to 15 ye ars
can be  due  to th e  fact th at girls  in ge ne ral are  s k e le tally
4-6 w e e k s  m ore  m ature  th an boys  as  s ugge s te d by
Mars h all e t al.19  Als o it can be  due  to th e  fact th at
girls  re ach  th e  s tage s  of s k e le tal m aturation e arlie r
in com paris on to th e  m ale  population. For m ale s  ove r-
aging range d from  0.15 to 3.76 m onth s  in age  groups
11 to 19  ye ars . Th e  patte rn for m ale s  h as  be e n
cons is te nt for unde r-aging from  0 to 10 ye ars  old.
Th is  patte rn of unde r-aging in m ale s  be fore  pube rty
and ove r-aging afte r pube rty is  s e e n in oth e r s tudie s
conducte d by Onte ll e t al,9  Koc e t al,20 Bük e n e t al,18

Nah id e t al,21 Z afar e t al3 and H ack m an e t al.4 In both
m ale s  and fe m ale s 19  ye ars  s h ow e d an ove r-aging
and could be  due  to th e  e nd of th e  atlas  s e rie s  at th is
age  group. In com paris on, th e  H ack m an e t al4 s tudy
s h ow e d a ge ne ral m ixe d patte rn of unde r-aging and
ove r-aging. It w as  s e e n th at for fe m ale s  ove r-aging
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occurre d at 1, 3, 6, 7 and 9 -16 ye ars  old w ith  ove r-
aging from  0.20 to 5.73 m onth s .
In th e  curre nt s tudy th is  ge ne ral patte rn of unde r-
e s tim ation of m ale s  prior to pube rty and ove r-e s ti-
m ation afte r pube rty and in fe m ale ’s  ove r-e s tim ation
be fore  and s om e w h at unde r-e s tim ation afte r pube rty
is  s e e n. Th e  diffe re nce s  am ongs t girls  and boys  can
als o be  due  to th e  e ffe ct of pube rty and ge ne tics  on
s k e le tal m aturation. Girls  e nte r pube rty be fore  boys
w ith  age s  11 ye ars  ve rs us  13 ye ars 22  and com ple te
pube rtal s tage s  e arlie r  in com paris on  to boys  w h o
com ple te  th e  pube rty s tage s  late r (ons e t of grow th
s purt occurs  late r and s low  progre s s ion to com ple tion)
and continue  to s h ow  advance d bone  age  e ve n afte r
th e  girls  h ave  ach ie ve d s k e le tal m aturity. According
to Carpe nte r and Le s te r,23 afte r pube rty s k e le tal age
advance d in both  fe m ale s  and m ale s  w h ile  in curre nt
s am ple , only in cas e  of m ale s  th is  finding is  s upporte d,
h ow e ve r in fe m ale s  it is  s upporte d only by age  groups
12 ye ars . In addition th e s e  diffe re nce s  can be  due  to
influe nce  of ge ne tics  on s k e le tal m aturation and its
pre dis pos ition can range  from  41 to 71% .24,25 Als o
th is  could be  th e  re s ult of th e  ch ange  of population
and ge ograph ical location diffe re nt from  th e  one  on
w h ich  Gre ulich  and Pyle  (19 59 ) s tudy w as  bas e d.
According to Sch m e ling e t al26 e conom ic progre s s
and m ode rniz ation in m e dicine  h ave  an im pact on
th e  os s ification of h and and w ris t re s ulting in h igh
os s ification rate s .
W h e n four age  coh orts  w e re  tak e n for both  m ale s
and fe m ale s  it s h ow e d th at in m ale s  an unde r-age  of
12 m onth s  and an ove r-age  of 5.6 m onth s  w as  s e e n
in age s  0 to 5 ye ars  and in fe m ale s  s im ilar group w as
unde r-age d by 5.4 m onth s , w ith  SD value  of 4.07 for
fe m ale s  and 5.73 for m ale s , w h ich  is  s m all com pare d
to oth e r age  groups . Th e  age  groups  16 to 19  ye ars
in fe m ale s  and 6 to 10 in m ale s  s h ow  a large r SD
value  com pare d to oth e r age  groups  (9 .9 1 for fe m ale s
and 7.9 1 for m ale s ).  Th e  s m alle r range  of unde r and
ove r-aging in age  group 0 to 5 ye ars   is  als o s e e n in
s tudy conducte d by H ack m an e t al4 w h o appe are d
to h ave  an unde r-age  of 15 m onth s  and an ove r-age
of 14 m onth s  in s am e  age  group. Studie s  conducte d
by Lode r e t al,8 Onte ll e t al,9  Rik h as or e t al7 and Mora
e t al27 als o agre e d to s m alle r diffe re nce  be tw e e n
ch ronological age  and s k e le tal age  in young age
groups . Th is  s m alle r diffe re nce  note d in th e s e  younge r
coh orts  could be  due  to th e  s m all gap of 3 m onth s



give n in tak ing X-rays  unde r 1 ye ar of age  follow e d
by a gap of 3 and 6 m onth s  until th e  age  of 5 ye ars .
H ow e ve r a gap of 12 m onth s  w as  give n th e re afte r
w h ich  could be  contributing to th e  large r diffe re nce s
s e e n in olde r age  groups .
Th e  re liability and th e  accuracy of th e  Gre ulich  and
Pyle  atlas  (19 59 ) m e th od is  not 100%  be caus e  it
brings  out th e  m ixe d patte rns  of th e  diffe re nce  be tw e e n
th e  ch ronological and s k e le tal age  am ong both  s e xe s .
Tis è e t al28 in th e ir s tudy w h e re  th e y as s e s s e d th e
applicability of th e  Gre ulich  and Pyle  (19 59 )29  m e th od
in th e  as s e s s m e nt of th e  age  for th e  Italian s am ple
in th e  le gal practice  found out th at th e  m e th od w as
not 100%  re liable  in de te rm ine  th e  true  age  of th e
s tudy participants . Tis è e t al28 indicate d th at th e  true
age s  of th e  s ubje cts  w e re  e ith e r ove r-e s tim ate d or
unde r-e s tim ate d and th e re fore  pos ing a ch alle nge  to
th e  le gal practice . But one  s h ould be  aw are  of th e
fact th at in orde r to prove  100%  e fficacy of th e  m e th od
of age  as s e s s m e nt ide al s ituation is  re q uire d w h e re
th e re  is  no de viation of th e  individuals  from  th e
population upon w h ich  th e  m e th od of as s e s s ing th e
s k e le tal age  is  bas e d. Cons ide ring th e s e  points  our
s tudy could not prove  th e  e fficacy to be  100%  as s u-
m ing th e  diffe re nt ge ne  pool and als o th e  e nvironm e n-
tal and ge ograph ic factors  w e re  diffe re nt to th e  one
in 19 30. H ow e ve r 9 8%  of th e  variation in th e
ch ronological age  be ing inte rpre te d on th e  bas is  of
s k e le tal age  for both  s ubje cts  (p < 0.05) w as  ach ie ve d
in our s tudy.
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th at application of th e  Gre ulich  and Pyle  (19 59 ) atlas
m e th od s h ould be  e ncourage d am ong th e  as s e s s ors
and re s e arch e rs  w h o w ant to de te rm ine  th e
re lations h ip be tw e e n th e  ch ronological age  and th e
s k e le tal age  in th e  fie ld of m e dicine . Th e  curre nt s tudy
s upports  th e  us e  of Gre ulich  and Pyle  (19 59 ) m e th od
in th e  age  e s tim ation am ong Baloch is tan ch ildre n as
long as  diffe re nce s  h igh ligh te d in our s tudy are  tak e n
in to cons ide ration.

Conclus ion

Th e  application of th e  Gre ulich  and Pyle  (19 59 ) atlas
te ch niq ue  in th is  s tudy to as s e s s  th e  s k e le tal and
ch ronological age  am ong th e  s tudy s ubje cts  w as
unde rtak e n us ing th e  cros s -s e ctional s tudy de s ign.
Th e  m ain obje ctive  w as  to q uantify th e  diffe re nce , if
any be tw e e n th e  age s ; it w as  found th at th is  e rror
w as  s m all. Th e  s tudy found th at th e re  is  s trong
corre lation be tw e e n s k e le tal age  and ch ronological
age  am ong th e  s tudy participants  afte r applying th e
Gre ulich  and Pyle  (19 59 ) atlas  m e th od. Curre nt s tudy
h as  not found any e vide nce  agains t th e  applicability
of Gre ulich  and Pyle  (19 59 ) atlas  on th e  bas is  of
ch ange s  in s pe cific bony m aturation patte rns  de s pite
of variability in m aturation rate s . Th e  re s ults  s ugge s t
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