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Abstract A  cross-sectional study  of  BMD  and  physica]
development values  in chi]dren  efvarious  age-specific  groups
was  carried  out.  In all, the study  inc]uded 357 children  (194
boys and  163 girls) aged  from 5 to 16 years. The study  did not

include children  with  inherited or  acquircd  diseases of  the

rnusculoskeletal  systern, chronic  diseases of  thc liver or

kidneys, diabetes, thyrotoxicosis or  malabsorption  syndTomc

Dr professionat athletes. BMD  values  were  estimated  by  dua]

X-ray absorbtiometry  (DXA} of  the tumbar part of the spine

{L,-L,) using  a  
`LDPX-MD'"

 device equipped  with  a 
"child"

software  program. Out ofatl  the examined  children.  58.99/i had
harmonic physicai devetopment, and  13.1% had a  decreased

body height and  body mass,  It was  revealed  that BMC  and

BMD  values  in the lumbar part of the spine intensively

increased with  age.  BMCI  closely  corre]ates  with  body hcight

(r=O,8; p<O,OOO)  and  body  mass  Cr=e,7: p<O.OOO). BMD

also correlates with  anthropometric  parameters. The lowest

BMC  and  BMD  yalucs  and  Z-score as  wetl  can  be found in
childrcn  with  a  ]ew bedy hcight and  body mass  (<10th
pcrccntile). J Phl,siot Anthropoi AApl  Uutnan  Sei 24(4):

445-450. 2005 http:/x'www.jstage.jst.go.jpforowseijpa
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and  elderly  adu]ts  (Kanis ct al., 1994; Kuiak and  Bitezikian,

1998). Thc study  was  aimed  at investigating age-specific

indicators of  BMD  in children  and  its relationship  with

anthrepometricparameters,

Methods

Introduction

  Physical development refiects  the overall  patterns of  g7owth
and  morpho-functional  maturation  of  a child.  The  linear

dimensions of  the body are the essentia] indicators of  physical
development, With  reference  to ske]cton  boncs, gTewth

processes are  characterizcd  with  agc  by bone sizc  enlargement,

bonc  rnincral  accrua]  and  incrcuse of  bone mineral  density
(BMD)  (bonc mass)  (Boiijour et al,, 1991; Boot et  al., 1997;

Thcintz ct  al., 1992; Schcplyagina et al., 2003a, b>. The

processcs of  bonc mass  accrual  during growth and

dcvclopmcnt ot'a  ehild  need  further investigation (Rice et al,,
1993; Barsanti ct al., 1996; Ellis et aL., 2001}, At the same

tirnc, undcrstanding  ef  this issue has cruciaL  value  fbr the

prevention ofosteoporosis  and  its cornplications in able-bodied

  A  cross-section  study  of  BMD  and  physieal devetopment
indieators in children  of  various  age-specific  groups was

carried out, Tn all, the study  includcd 357 children  (194 boys
and  l63 girls) aged  from 5 to16 ycars, All of  them resided in
the city  of  MescQw  and  Moscow  Oblast and  visited

kindergartens and  sc]iools  of  gencral cducation.  The  children

did not  ditfer by fami]y social  status,  food habits, or  motor

activity.  They had no  chTonic  pathology to deteriorate bone
minera]ization  er  phosphoric calcium  mctabelism,

  The study  did not  include chi]dren  with  inherited or

acquired  diseases of  the musculo-ske]etal  systern, chronic

diseases ofthe  liver or  kidneys, diabetes mellitus,  thyrotexicesis,

malabsDrption  syndrome  or  professional athletes.

  The children  were  examined  by a  pediatrician fo11owing a

singLe  protocol. Physical development was  evaluated  by

absotute  values  of  body height and  body mass.  Asscssment of

body height was  apprised  in centimeters  to within  O.5 cm,  and

of  body  mass,  in kilograms to within  O. L kg. A]1 mcasurements

were  canied  eut  on  study  partjcipants strippcd  to thc waist,

  The degree of harmonjc physical development was

characterjzed  using  percenti]e tablcs based en  body height and
body mass  ratio  (Doskin ct  al., 1997).

  BMD  values  were  estimatcd  by dual X-ray absorptiometry

(DXA) of  the luinbar part of  thc spine  (LrL4> using  a  
"DPX-

MD"'  device cquippcd  sly'ith a  
"child"

 seftiN'are  program,

  Analysis included bone mineral  centent  (BMC, in g), bone

area  {area, in em2),  bone mineral  density (BMD, in gtcmi) and
Z-scores of  those  parameters, which  specify  the examincd

child's  BMD  relative  to average  statistical  va]ues  fbr chi]dren

of the same  age  and  gender and  is eva]uated  jn standard

deviations (SD), Established individual BMC  and  BMD  va]ucs

were  compared  with  a device reference  base.

  In accordance  with  WIIO  standards,  diagnosis of  normal

BMD  was  accepted  at Z-score>-t  SD; ostcopenia  at  Z-score
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Table

                          Bone  Mineralizutien and  Physicul Development of  Children

1 AnthropometricpaTameLersefexaminedchildren(M ± m)

Bnvs' Girls
tttt-t tAge

Bedyheigh[(cm) Bodymas./tk'g} Bodyheight(cm) BudyrnassCkg}

n M ± m p N'1± m ptl M ± ni p M ± m p
'S
it31 l16,46± 1.56 20.61!O.85 ] - - -

'6
t5I20.67 ± 1.s)- * 23.4=1.t}21*9 ]20.]± 1.63 22.9± 12･S

tt7
612&2 ±2.6S1*2S27 ± t.74 4 124.5+3.66 24.S7± JJ

g 6
1

I35.17± 2,87 2L),5.g± 3.t 7 i32.4± 3.6 27.36± ],Sl
-

9 61]7.92 ± 1.7] 3.1.5+.3,31 7 T36±2.01 29.S7± 1.3

125
tt146.83
± 1.09 * 36,5.5+O.82 *40

ttt-t
14527 ± 2.9

ttt*'39..32
±].t8 *10'H

2314S.7 ± 2,2S 40.8± t.91tt*33 l5U=1.99 4125-+2,67

i2 17IS725 ± 2.61 * 5.0:,7± 4.79 *lgt60.5 ±G.8S 42.14±4.L8

37162.3 ± T.64 * 5].78±2･.I4 32 159.69± 2.6 *47.42
± 2,251314

36t69.6 ± 2.26 $ 602.S± 2.94 *26 [65.S± 1.36 *5.3,68-2,72l

15 43172.2 ± 1.gS 60,6S-].5.T, 3.g165.9 ± 1.09 53.59-t.55,

16 14iT78.2 ± 2,Og 62..5±2.]9 *35165.S
± 1,77 53.g6=1.92

<-  1 SD and  Z-score>-2.5  SD; and  osteoporosis  at  Z-score<
-2,S

 SD,

  Data statistical  processing was  carrjed out using  the

integrated seftware  package 
`LStatistica

 6.0", 
'1'eehniques

 of

parametric and  non-paramctric  statistics  were  applied.  Data

analysis  included estimation  ot' simple  mean  (M) and  mean

square  (s). Pearson and  Spearman  correlation  indices werc  also

calculateq  and  regression  anatysis applied.  According to

standards  acccpted  in biotogy and  medicine,  indicator

dj fferenccs werc  censidered  reliable  at p<O.05.

Results ftnd  Discussion

Ph.1,sieal develqpment qf'examined children

  Wjthin even-aged  groups, significant  variability  ofindicators

of  bod}, height and  body inass  wus  noted, lt was  established

that the mean  values  of  body height and  body inass  of  thc

examined  childrcn  were  charaeterized  by typical agc  and

gender di fferenccs (Table 1).
  Out of  aLl thc examined  children. 58.9g,A had hannonic

physical dcvc]epment and  3,'4 of  these children  had indicators

ofbody  hcight and  body mass  within  the ]imits of  thc 25-75th

perccnti]e. One  quarter ofthem  surpassed  thejr cocvals  in body
hcight und  bod.v mass  and  had harmonic physical deve]opment.

The rest  of  the children  had disharmonic deve]opment.

incLuding 5.4gt6 with  decrcascd indicators of  body height

                                        
*p<o.os

(<tOth pcrccntilc) and  7.7Y6 with  dccreused body mass

(<IOth pcrccntilc}. It was  cstablishcd  that bcfore puberty
childrcn  morc  etlcn  dcyclopcd harmonieus]y, This means  that

at  thc onsct  et' puberty thc number  of  ehildren  with

harnionious development decreased and  contrari"'ise  the

nupibcr  et'  children  with  varieus  types  of  dishartnonious

development increased, The  nurnber  of  harmoniously

deveLoped children  increased again  up  te the age  of  16.

Bone  tnass  (Li LdJ
  Densitometry of  the  spine  (L2 L4) estab]ished  thc variation

of individual values  of  BMC  and  BMD  (Fis,. b. [t was

revealed  that BMC  in the  lumbar part of  thc spinc  intensively

increased with  agc.  During thc pcriod from 6 to 16 years, the

BMC  lcveL incrcascd in boys t'rem 13.5 g te 47.4g (243,7%)
and  in gir]s frem 13,72g to 46.23g (236,9V6> (fab]e 2), The

most  significant  accretion  rates  of  BrvlC N-'ere registered  in
boys at the ages  of8  ta 9 years (379,u' ). 12 to 13 years {329{,).
and  13 to 14 years (26"i'6), In girls, that sort  of  dynamic was

established  ar  the ages  of  9 to 10 years (29.69()) and  l2 to 13

years (42,49"). It is noteiiv'orthy  that prior to r]ie age  of  14

years, the mean  values  of  BMC  ef  the  lumhar part ofthc  spinc

are  main]y  higher in girls than  in hoys with  a  rc]iable

differenee at the  age  of1l  and  l3 ycars tr)<O.05), Afier thc age

of  l5 years, valucs  of  Brv{C in boys cxcecdcd  tbc respective

vatucs  in girls.
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BMC

6 T 8 s te lt  n  13  14  ls  l6  Age

glcm?1

t

o

O

BMD

O
                                   ge
    6 7 8 9 10  11 12  13 t4  15  16

'1'able

                     Fig, 1 Age-specificBMCvalucs(L2-Lg)Dt'exarninedchildren(M ± m),

2 BMC  and  BMD  va[uesoflumbar  part ofspine  (L.-L4} in examined  chi]dren

BMC(g) BMD'(gicm'}
Age 'Boys

/

Girls Buys Girls

tl M=m tl M ± m n MLm tl! M ± m

5 12 11,68±O.4 t 12.0± 12

'O.59
± O.02 I O.59rU,Ol

' '

g 15 t3.5±O.46 8 13,72tO.7･4 ]5 O,64=O,02 8 O,65±D.02

7 6 14.5±O,61 4 13,92± 1.46 6 O,64± O.02 4 O.62± O.02

s 6 14.27± O.7L 7 IS.49±O.43'6 O.61± O.03 7

tt-t

O,70± O.Ol

9 6 19.53=1,84* 7 18.07± I.36 6 U,75±O.03- 7 O.73z+O03

10 J5. 23.t4± 1.12 IL 23.42± t.53*15 O.78± O.05 t]

tttt
1O.SIiO,02

]1 15 ]･2.37± 124
1

17 24.r6± 1,78 15 O.77± O.03/t7 o.7g± o,o4
t-t

t2 12 24.56±2.12* 7 27.91± ].93 12 O.83± O.03* 7 o.g6±o,os

13 L8 32.g]± T.S4 L3 39.75+2,2.9*t8 o.ggto.o2 ]3

-t1.02tO.02*

]4 2?' 41,39 ± 2.25* 19 39.IS7±2.6L22 O.96± U,e3* 19 1.04± O.03

15 22

tt42.64Ll.69･16
43.24± T.6322 O.99± O.03 16 1.07±O.03

ttt
16 10 47.4± 3.07 20 46.23 ± 1.48 to L.09±O.an

'20
1,09=O,U4.p<O,05

  The changes  of  BMD  values  rcpcat  the  increase of  BMC

with  agc.  but its accretion  rate  was  ]owen BMD  valucs  during

the peTiod from 6 to 16 years increased in beys from O.64 to
1.09 g,icm2 (70391"} and  in girls frem 0.65 to 1.09gicm2 C67.7
Yo}. Moreover, jn boys significant uccrual  ofBMD  occurred  at

the ages  ot'8  to 9 years (23g6), 11 to 12 years <17%) and  13 to

14 years (10%). A]T this is associated  with  an inereuse both of

body height and  body mass.  In girls, the mjneralization  peak
was  revealed  at the age  uf  12 to 13 ycars (19gt6).

  BMD  mean  values  in spine  bones {L!-L4) alse  arc  highcr in

girts during the  period from 8 te 15 years with  rcliable

differences nt the ages  of8,  11, 13 and  15 years.
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Bone mass  (L,. -LV and  anthmpometric  indicator:s

  It was  established  that BMC  values  closely  correlate with

body height (r=O,8; p=O.OOO), body  mass  (r=O.7; p=O,OOO)
and  body  build index (r=O.4; p=O,OOO)  (Table 3),

  Tn boys, BMC  most  closc]y  correlated  with  body  height at

the agcs  of11,  12, 14 and  15 years; with  body rnass  at  the ages

of  10, 11, 12 and  13 years, In girls, BMC  most  closely

coTrclated  with  body  hcight at the ages  of  10, 11, 12 and  13

ycars; with  body  mass  at the ages  of  tO, 12, 13, 14 and  16

years; with  body  build index at the ages  of  10, 12, t3 and  14

years.

  Independently of  gender, BMD  also  corrclated  with  height

(r=O.8; p=O,OOO), mass  Cr=O,8; p=O.OOO), and  body build

Table 3 Correlation between BMC  (L:.-L4) and  anthropometric  param-

   etersAnthropometricparameteTs

B]C BMD

Bod},heLgln r=o.&p=o.ooor=o.s;p=o.ooo

BodvmttEs' r=o,7;p=o.ooor=O.g;p=O.OOO

index(r=O.6;p=O.OOO),

   Thus, BMC  and  BMD  are  ctosely asseciatcd  with  body

height and  body niass.  This conelusion  is confirmcd  by the

unidirectionality  of  the agc-specific  indicators of  body  height
and  body  mass,  BMC  and  BMD  (Fig. 2),

Bone massrL,  
-LU

 andph.vsical  devetopment

  During the  last dccade, in the Russian population there has

been an  increascd number  of  children  with  disharmonic

physjcal dcvclopment: decreased body hcight, body  mass,  with

excess  weight,  etc, ln view  of  this, BMD  values  were  estimatcd

depending on  type ofphysical  development.

  It was  established  that frequency of  eccurrence  of

osteopeniaiosteoporosis  in the !umbar part of  tbc spine  differs

in children  with  various  physical development. It oceurs  more

frequently at low body  height {66,7%) and  body mass  (81.8
%).

  It was  established  that the lowest BMC  and  BMD  values  and

Z-score as  well  can  be found in chj]drcn  with  Lower body

height and  body  mass  (<1Oth percentile) (Fig. 3). In children

with  harmonious dcvelopment and  high bedy  height and  body
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2 Relationship between BMC  and  physical dez,elepmcnt paraTneters.
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BMC{L2-L4)

tt'ttttttt.l･1illllil
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'l･

 l/' i'･･ l1

t.3t.2t'td.OO.9O.BO.7O.6O.5

harmonieus  L<10%  M<10%
      b97%  M)97%

          Fig, 3 BMCvalues{Lf

         BMD

.  Mean  []  ±SE=  ±SD

'tt'tt.ttttttttt..

1-

              BMq.g7v  BM4tioM  BM4armongous

                   BMq.ro%  BM4.eo%

L4)lnvurioustypcsofphysLcaldevelopment.

mass  BMC  and  BMD  values  did net  difTk]r significantly,

Clinical assessment  tij'hone  mass  indicatons in children

  Within the framework ef  the present studM  BMD  values

were  standardizcd  against  body  height. The reasons  for this

were  marked  variatjon  of  indicators of  physical development

(Buckler and  Grccn, 1999) and  bone inass  within  each  age-

specific group {Schcp]yagina et al., 2003a, b) and  the closest

relationship  of  BMD  with  body  hejght (Gordon et al,. 1991:

Katzman  et al,, 1991).

  Whereas  bone mineral  accrual  has a  nonlinear  dependence
from growth processes, age-specific  BMC  and  BMD  N,alues

siv'cre cstimatcd  using  regressjon  scales  (Fig. 4),

  Application ofBMD  indjcators standardized  by body height

became  vcry  important to specify  the causes  of  lower BMD
(Leonard et  al,. 1999; Gafhi and  Baren, 2004) values  in
chiLdren  with  disharmonic physica] development, primarily in

chitdren  with  body height and  body  mass<  1Oth percenti]e.

  The  present study  preved the greut cffbctivcness  of  the

appljcation  ofBMD  indicators standardized  by body hcight to

vcrify  the frequency of  occurrence  of osteopenia  in healthy
childrcn  during periods of  intensive growth and  in children

against  a  background  of diseases adversely  affecting physical
develepmcnt, primarily the 1inear growth ofthe  child.

Conclusions

L

2,

The  present cross-sectional cpidemiologicaL  study

provided age-specific  cfrom 6 to 16 years) indicuters
of  body  height and  body mass  which  reflect  the

physiologieal processes of  an  age-dependent  increase of

anthropometric  indicators in an  actual  population of

childrcn.

A  significant  yariation  of  individual indicators of  body
height and  body  mass:  the higher proportion of  children

70605040

302010o

(.BMDfactuality,-  BMD  on  body height ]

loe

 Fig, 4

 120 d40 t60

Regression curve  (BMD  on  bedy  height,

 ISO cM

in boys).

   with  disharrnonic physical dcvelopment was  marked.  Tn

   13,1% of  childrenis  bedy hcight and  body  rnass  values

   were  <1Oth  percentile,
3. During the period from 6 to 16 years, an  inerease of

   BMC  and  BMD  in skeleton  bones occurs  (L2-LJ, with

   its peak value  during the period from 1 1 to 14 years,
4. Bone  mjnera]  accruaL  and  BMD  increase are

   unidircctiona]  and  clesely  corre]ate  with  body height

   and  body mass.
5. Bone  mass  indicators standardizcd  by body  height are

   very  valuable  for the spccification  ofthc  causes  oflower

   BMD  values  in chjtdren  with  disharmonic physical
   deve]opment.
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