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Summary
Objectives.  —  The  objectives  of  the  research  were  to  establish  body  composition  profile  in
female rhythmic  gymnasts  of  different  age  categories  so  as  to  test  and/or  determine  the  possi-
bility of  predicting  success  in  Rhythmic  Gymnastics  performance  on  the  basis  of  gymnasts’  body
composition  parameters.
Materials  and  methods.  —  Eighty-four  elite  and  sub-elite  female  rhythmic  gymnasts  (age:
12.9 ±  3.1  years,  body  height:  152.5  ±  14.6  cm,  body  mass:  40.6  ±  12.2  kg),  distributed  in  five
age categories  (10  beginners,  aged  7—9  years;  22  intermediate,  aged  9—12  years;  18  advanced,
aged 12—14  years;  19  juniors,  aged  14—16  years;  15  seniors,  aged  16  years  and  older),  volun-
teered to  participate  in  the  study.  Their  baseline  characteristics  (age,  body  height,  body  mass,
body mass  index,  years  of  training  experience,  Success)  were  established,  as  well  as  their  body
composition  profile  (body  fat,  muscle  mass  and  skeletal  mass  percentage).
Results.  —  By  means  of  multiple  regression  analysis  the  body  composition  profile’s  statistically
significant influence  on  Success  was  established  only  in  the  group  of  junior  and  intermediate
gymnasts  (p  <  0.03  and  p  <  0.004,  respectively),  with  explanation  of  46%,  i.e.  51%  of  Success  in
Rhythmic  gymnastics.  Also,  Regression  analysis  emphasized  the  significant  independent  contri-
butions,  to  the  prediction  of  the  dependent  variable,  of  two  independent  variables:  skeletal
mass percentage  (juniors:  p  =  0.02,  and  intermediate  RGs:  p  =  0.005)  and  muscle  mass  percent-

age (intermediate  RGs:  p  =  0.03),  with  negative  relationship  among  these  independent  variables
and the  dependent  one.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Objectifs.  —  Les  objectifs  de  la  recherche  étaient  d’établir  le  profil  de  la  composition  corporelle
chez des  gymnastes  rythmiques  de  différentes  catégories  d’âge  afin  de  tester  et/ou  de  déter-
miner la  possibilité  de  prédire  la  réussite  dans  les  performances  rythmiques  de  gymnastes  sur
la base  des  paramètres  de  leur  composition  corporelle.
Matériels  et  méthodes.  —  Quatre-vingt-quatre  gymnastes  d’élite  et  préélite  (âge  :  12.9  ±  3.1
ans, taille  :  152.5  ±  14.6  cm,  la  masse  corporelle  :  40.6  ±  12.2  kg),  réparties  dans  cinq  catégories
d’âge (10  débutantes,  âgées  de  7—9  ans  ;  22  intermédiaires,  âgées  de  9—12  ans  ;  18  cadettes,
âgées de  12—14  ans  ;  19  juniors,  âgées  de  14—16  ans  ;  15  seniors,  âgées  de  16  ans  et  plus),  se
sont portées  volontaires  pour  participer  à  l’étude.  Leurs  caractéristiques  de  base  (âge,  taille,
masse corporelle,  indice  de  masse  corporelle,  années  d’expérience  de  formation,  réussite)  ont
été recueillies,  ainsi  que  leur  profil  de  composition  corporelle  (le  pourcentage  de  masse  grasse,
de masse  musculaire  et  de  masse  osseuse).
Résultats.  — L’analyse  statistique  par  régression  multiple  ne  montre  une  influence  significative
de la  composition  corporelle  sur  la  réussite  que  dans  le  groupe  de  gymnastes  juniors  et  inter-
médiaires  (46  %,  p  <  0.03  et  51  %,  p  <  0.004,  respectivement).  En  outre,  l’analyse  de  régression
a souligné  les  contributions  importantes,  à  la  prédiction  de  la  variable  dépendante,  de  deux
variables indépendantes  :  pourcentage  de  masse  osseuse  (juniors  :  p  =  0.02,  et  intermédiaires  :
p =  0.005)  et  le  pourcentage  de  masse  musculaire  (intermédiaires  :  p  =  0.03),  avec  une  relation
négative entre  ces  variables  indépendantes  et  dépendantes.
© 2018  Elsevier  Masson  SAS.  Tous  droits  réservés.
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. Introduction

n  the  course  of  a  sport’s  development,  it  becomes  highly
esirable  to  perfect  the  forms  and  methods  of  training
hat  would  make  possible  predicting  results  in  the  nearest
uture,  consequently  making  the  identification  of  such  fac-
ors  as  effect  this  outcome  crucial.  Much  time  and  effort
as  been  invested  into  trying  to  identify  the  predispositions
features,  abilities  and  characteristics)  an  athlete  should
ossess  in  order  to  achieve  top  sports  results  [1].  Numerous
esearch  studies  describe  the  preferred  characteristics  for  a
odel  elite  athlete,  including  basic  anthropometric  dimen-

ions  and  their  ratios,  body  composition  components,  and
omatotype.  Namely,  athletes  are  characterized  by  a  certain
‘biotype’’,  a  particular  combination  of  body  composition
nd  build,  affording  them  an  advantage  relating  to  success
n  a  given  sport.

Two  decades  ago  some  researches  [2—5]  showed  that
ody  composition  profile  is  one  of  the  most  important
actors  in  the  selection  process,  and  necessary  for  success
n  sports,  especially  in  the  aesthetic  ones.  The  term  body
omposition  relates  to  the  composition  of  the  human  organ-
sm  presented  via  the  values  and  groupings  of  the  given
easurable  components  which  it  comprises.  These  include

keletal  tissue,  muscle  tissue,  adipose  tissue,  and  the  rest
internal  organs,  blood,  etc.)  [6].  Skeletal  mass  is  a relevant
nthropometric  factor  which  is  subject  to  strong  genetic
nfluence,  whereas  muscle  mass  and  body  fat  are  largely
nvironmentally  determined  and  susceptible  to  training.
lso,  it  is  assumed  that  body  height,  body  mass,  body  fat,
nd  bone  mass  are,  as  passive  components  of  the  locomotor
pparatus,  potential  parameters  which,  if  oversize,  may
mpede  movement,  including  the  performance  of  complex
ovement  structures.  On  the  other  hand,  the  amount  of

uscle  mass,  typically  accompanied  by  commensurate
uscle  strength,  is  a  movement-generating  factor,  which

an  therefore,  along  with  coordination  and  other  motor
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bilities,  be  positively  linked  with  the  ability  to  perform
omplex  movement  structures  and  compensate  in  part  for
ny  imbalance  brought  on  by  certain  morphological  charac-
eristics.  All  of  the  above  indicates  that  body  size  and  build
re  significant  factors  for  successful  sports  performance,
specially  so  in  aesthetic  sports  [7].

In  the  group  of  aesthetic  sports,  Rhythmic  Gymnastics
RG)  is  one  of  the  most  demanding  because  it  is  an  artis-
ic,  appearance-oriented  and  body-conscious  sport  where
uccess  is  strongly  influenced  by  visual  appeal  and  body  aes-
hetics.  This  is  partly  due  to  indirect  encouragement  by  the
ode  of  Points  aesthetic  demands  [8],  and  partly  due  to  the
act  that  elegance,  fluidity  and  amplitude  of  movement  are
ssential  parts  of  technical  skills  [9]. Consequently,  RG  calls
ttention  to  the  attractiveness  of  body  presentation  (i.e.,  a
lim  and  fit  body),  harmony  of  aesthetic  movements,  as  well
s  technical  performance  [10].

In  view  of  the  fact  that  RG  places  high  demands  on  ath-
etes  (especially  elite  ones)  in  terms  of  body  size,  build,
ody  composition,  as  well  as  motor  abilities,  and  is  a  sport
ith  morphology-related  limiting  factors  that  can  prevent

emale  rhythmic  gymnasts  (RGs)  from  reaching  elite-levels,
etermining  RGs’  body  composition  profile  emerges  as  a  task
f  great  importance.  This  research  aims  to  explore  whether
ody  composition  parameters  are  reliable  measures  allied
o  the  performance  of  RGs,  as  well  as  to  determine  whether
ody  composition  profile  in  RGs  of  different  ages  is  a  pre-
ictive  factor  for  successful  performance.

. Materials and methods

.  Participants
ighty-four  elite  and  sub-elite  RGs,  distributed  in  five  age
ategories  (10  beginners,  aged  7—9  years;  22  intermediate-
evel,  aged  9—12  years;  18  advanced-level,  aged  12—14
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years;  19  juniors,  aged  14—16  years;  15  seniors,  aged  16
years  and  older),  volunteered  to  participate  in  this  cross-
sectional  study.  All  participants  are  in  the  ‘‘A’’  program,
individual  competitors  at  national  and/or  international
level.

2.  Ethical  considerations

The  study  protocol  was  approved  by  the  local  ethics  com-
mittee  (No.  04-610).  Written  requests  were  promptly  sent
to  the  Expert  Committee  of  the  Gymnastics  Federation  of
Montenegro,  as  well  as  to  the  Gymnastics  Federation  of  Ser-
bia,  and,  after  being  informed  about  the  study,  its  scientific
value  and  multiple  benefits,  approvals  were  given  for  the
testing  to  be  conducted  during  the  6th  ‘‘Montenegro  Cup’’
in  2013  (Budva,  Montenegro),  and  during  the  2012  and  2014
National  Championships  (Belgrade,  Serbia).  The  testing  was
performed  in  accordance  with  the  ethical  standards  of  the
Helsinki  Declaration  [11].

2.  Measures  and  procedures

The  first  part  of  the  testing  included  40  top-level  Serbian
gymnasts  and  it  was  performed  on  December  16th,  during
the  2012  National  Championships  held  in  Belgrade  (Serbia).
The  second  one  was  conducted  at  the  end  of  June  2013
in  Budva  (Montenegro),  when  a  further  16  elite  gymnasts
were  tested.  During  the  2014  National  Championships  held
in  Belgrade  (Serbia)  on  October  25th,  the  testing  included
28  top-level  Serbian  gymnasts.

All  the  measurements  were  taken  by  the  authors  in
optimal  climatic  conditions,  with  the  participants  in  their
underwear,  and  according  to  the  methods  proposed  by  the
International  Biological  Program  [12].  The  Martin  anthro-
pometer  was  used  for  obtaining  the  RGs’  body  height  (in  cm),
while  for  obtaining  the  four  diameters  (humerus,  wrist,
femur  and  ankle  breadth;  in  cm)  a  bone  caliper  (Martin  type)
was  used.  Most  of  the  body  composition  parameters  (body
mass  [in  kg]),  body  mass  index  (BMI,  in  kg·m−2),  body  fat  per-
centage  (BF%)  and  muscle  mass  percentage  (Muscle%)  were
assessed  with  a  tetrapolar  bioelectrical  impedance  device,
Omron  BF511  (Kyoto,  Japan),  and  skeletal  mass  percent-
age  (Skelet%)  was  obtained  via  the  equation  proposed  by
Matiegka  [13].  Data  on  years  of  training  experience  were
collected  by  interviewing  the  participants.  The  criterion,
i.e.  dependent  variable,  was  the  participants’  competi-
tive/performance  score  (Success),  which  can  range  from  0.0
to  20.0,  according  to  the  Code  of  Points  [8].

2.  Statistical  analysis

Data  were  analyzed  using  the  Statistical  Package  for  the
Social  Sciences,  version  21.0  (IBM  SPSS  21.0,  SPSS  Inc,
Chicago,  USA).  Descriptive  statistics  [average  value  (Mean),
standard  deviation  (SD),  range]  were  summarized  for  all
variables.  Normality  was  tested  using  the  one-sample

Kolmogorov-Smirnov  test  (K-S).  Multiple  regression  analy-
sis  (R:  multiple  correlation  coefficient;  R2: coefficient  of
determination  of  multiple  correlation;  F:  F-test;  p:  signif-
icance  of  multiple  regression)  was  performed  with  the  aim
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f  determining  the  amount  of  variance  in  body  composition
arameters’  influence  on  the  success  rate  in  RGs  perfor-
ance,  and  for  the  purpose  of  determining  the  independent

ontributions  of  each  independent  variable  to  the  predic-
ion  of  the  dependent  variable,  i.e.  Success,  regression
nalysis  was  performed  (b:  regression  coefficient;  p:  sta-
istical  significance).  The  level  of  significance  was  set  at

 <  0.05.

.  Results

he  baseline  characteristics  of  the  sample  in  total,  and  sub-
amples  (age  categories)  are  presented  in  Table  1,  and  the
escriptive  statistics  data  of  the  measured  body  composition
arameters  are  presented  in  Table  2.

Based  on  the  BMI  cut-off  points  for  girls  of  different  ages
14], it  can  be  stated  that  BMI  value  of  most  of  the  RGs
n  =  78,  or  92.86%)  is  within  the  normal  range,  and  few  of
hem  are  bellow  the  recommended  BMI  values  (7.14%,  i.e.
ne  beginner,  four  from  the  intermediate  group  and  one
rom  the  advanced  group;  in  the  junior  and  senior  groups
here  are  no  RGs  with  low  BMI  values).  Regarding  body
at  percentage  (BF%)  established  among  high-level  RGs,
ompared  with  the  standards  of  a  healthy  age-  and  gender-
atched  population  [15],  the  situation  is  as  follows:  most  of

he  RGs  have  low  body  fat  (n  =  57,  or  67.86%),  30.95%  have
ormal  values  of  BF%  (12  seniors,  11  juniors,  one  from  the
dvanced  group  and  two  from  the  intermediate  group),  and
nly  one  senior  gymnast  has  high  BF%.

Multiple  regression  analysis  revealed  the  existence  of
ignificant  influence  of  the  RGs’  body  composition  pro-
le  on  the  dependent  variable  (Success)  when  considering
he  sample  in  total  [R  =  0.38,  R2 =  0.15,  F(3,80)  =  4.5280,

 <  0.006]  and  for  the  following  subsamples:  intermedi-
te  RGs  [R  =  0.71,  R2 =  0.51,  F  (3,18)=  6.2235,  p <  0.004]  and
unior  RGs  [R  =  0.67,  R2 =  0.46,  F (3,15)=  4.1658,  p  <  0.03].  At
nivariate  level  regression  analysis  revealed  significant  inde-
endent  contribution  of  skeletal  mass  percentage  to  the
rediction  of  Success  for  the  sample  in  total  (p  =  0.001)  and
n  the  intermediate  and  junior  group  (p  =  0.005  and  p  =  0.02,
espectively),  as  well  as  of  muscle  mass  percentage  in  the
ntermediate  group  (p  =  0.03),  with  negative  relationship
mong  these  independent  variables  and  dependent  variable
b  =  −0.9741  for  Skelet%  in  juniors,  then  b  =  −0.98961  and

 =  −1.39777,  for  Muscle%  and  Skelet%  in  intermediate  RGs,
espectively).

Because  RGs’  skeletal  mass  percentage  was  established
y  formula,  we  have  evaluated  the  possible  relations  and
redictive  values  of  each  of  the  four  joints,  i.e.,  bone
iameters,  on  the  Success  (Table  3).  Multiple  regression
nalysis  revealed  the  existence  of  significant  influence  of
he  RGs’  bone  diameters  on  the  Success  when  consider-
ng  the  sample  in  total  [R  =  0.59,  R2 =  0.35,  F(4,63)  =  8.6179,

 <  0.00001]  and  for  the  following  subsamples:  beginners
R  =  0.98,  R2 =  0.97,  F(4,5)  =  38.459,  p  <  0.0006],  advanced
Gs  [R  =  0.93,  R2 =  0.87,  F(4,11)  =  18.503,  p  <  0.00008]  and
enior  RGs  [R  =  0.95,  R2 =  0.89,  F(4,8)  =  16.791,  p  <  0.0006].

t  univariate  level  significant  independent  contribution
f  femur  breadth  (i.e.  knee,  p  <  0.03)  was  established
n  each  subsample  but  junior  RGs,  and  in  the  group  of
enior  RGs  humerus  (i.e.  elbow)  and  wrist  breadth,  came
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Table  1  Baseline  characteristics  of  the  study  participants.

Age  Categories  Variables  Age  (yrs)  Body  Height  (cm)  Body  Mass  (kg)  BMI  (kg·m−2)  Training  experience  (yrs)  Success  (score)

Beginners  (n  =  10)  Mean  ±  SD  7.88  ±  0.65  128.84  ±  5.15  23.84  ±  2.18  14.35  ±  0.75  3.35  ±  1.33  9.77  ±  2.91
Range 7.04—8.94  123.3—138.5  21.2—28.7  12.9—15.3  1.5—5.0  5.65—13.02
K-S (Sig.)  0.991  0.603  0.783  0.996  0.802  0.473

Intermediate (n  =  22)  Mean  ±  SD  10.73  ±  0.91  142.16  ±  8.01  30.67  ±  4.91  15.09  ±  0.97  5.18  ±  1.32  12.19  ±  3.69
Range 8.71—11.92  125.1—158.4  22.7—44.5  13.4—17.7  3.0—8.0  7.58  ±  17.81
K-S (Sig.)  0.842  0.957  0.583  0.954  0.429  0.020a

Advanced  (n  =  18)  Mean  ±  SD  12.77  ±  0.85  153.74  ±  7.59  38.82  ±  5.86  16.33  ±  1.33  6.44  ±  1.34  13.08  ±  4.64
Range 11.38—14.03  142.2—166.4  30.2—50.0  14.5—19.3  4.0—8.0  7.45—19.23
K-S (Sig.)  0.719  0.850  0.983  0.464  0.367  0.141

Juniors (n  =  19)  Mean  ±  SD  14.62  ±  0.53  164.09  ±  6.22  50.18  ±  4.87  18.62  ±  1.15  8.16  ±  1.86  10.99  ±  1.65
Range 14.14—15.82  154.4—176.7  41.9—62.7  16.0—20.4  3.0—11.0  7.18—13.38
K-S (Sig.)  0.305  0.467  0.933  0.751  0.054  0.529

Seniors (n  =  15)  Mean  ±  SD  17.64  ±  1.37  167.34  ±  6.66  56.32  ±  5.28  20.11  ±  1.41  10.6  ±  1.64  13.77  ±  3.53
Range 16.22—20.34  154.4—178.2  48.8—67.0  17.4—23.3  8.0—14.0  9.45—18.28
K-S (Sig.)  0.723  0.978  0.988  0.378  0.339  0.392

Total (N  =  84)  Mean  ±  SD  12.94  ±  3.13  152.51  ±  14.61  40.59  ±  12.24  16.96  ±  2.35  6.88  ±  2.72  12.1  ±  3.62
Range 7.04—20.34  123.3—178.2  21.2—67.0  12.9—23.3  1.5—14.0  5.65—19.23
K-S (Sig.)  0.935  0.263  0.224  0.079  0.222  0.004a

n, N: number of study participants; Mean: average value; SD: standard deviation; K-S: Kolmogorov-Smirnov test; Sig.: significance; yrs: years; BMI: Body Mass Index.
a Absence of normal distribution (significant at p = 0.05).
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Table  2  Body  composition  profile  of  high-level  RGs  of  different  age  categories.

Variables  Beginners(n  =  10)  Intermediate(n  =  22)  Advanced(n  =  18)  Juniors(n =  19)  Seniors(n =  15)  Total  (N  =  84)

BF%
Mean  ±  SD  8.55  ±  2.75  10.9  ±  3.58  10.05  ±  3.41  16.58  ±  3.57  22.5  ±  4.89  13.79  ±  6.11
Range 5.0—13.0  5.2—20.8  5.4—16.4  8.5—22.8  12.9—32.6  5.0—32.6
K-S (Sig.)  0.955  0.758  0.777  0.966  0.887  0.221

Muscle%
Mean ±  SD  32.7  ±  1.59  34.91  ±  1.54d 37.4  ±  2.2  36.45  ±  1.53  33.55  ±  2.47  35.29  ±  2.47
Range 30.5—36.4  32.4—37.4  31.7—40.0  33.6—39.9  28.9—39.2  28.9—40.0
K-S (Sig.) 0.692  0.883  0.672  0.294  0.753  0.333

Skelet%
Mean ±  SD 20.61  ±  0.39 19.39  ±  1.42b 18.88  ±  0.83 17.14  ±  1.14c 15.8  ±  0.54 18.28  ±  1.86a

Range  19.82—21.47 17.11—23.85 17.59—20.96 15.5—20.64 14.81—16.79 14.81—23.85
K-S  (Sig.)  0.084  0.224  0.432  0.538  0.846  0.757

n, N: number of study participants; Mean: average value; SD: standard deviation; K-S: Kolmogorov-Smirnov test; Sig: significance;
BF%: body fat percentage; Muscle%: muscle mass percentage; Skelet%: skeletal mass percentage. Note. All measures are in %.

a Statistically significant influence on the Success (p < 0.05): p = 0.001.
b Statistically significant influence on the Success (p < 0.05): p = 0.005.
c Statistically significant influence on the Success (p < 0.05): p = 0.02.
d Statistically significant influence on the Success (p < 0.05): p = 0.03.

Table  3  Upper  and  lower  limbs’  joints  diameters  in  high-level  RGs  of  different  age  categories.

Variables Beginners(n  =  10)  Intermediate(n  =  22)  Advanced(n  =  18)  Juniors(n =  19)  Seniors(n =  15)  Total(N  =  84)

Humerus  B
Mean  ±  SD  5.39  ±  0.46  5.66  ±  0.49  6.02  ±  0.45  6.3  ±  0.27  6.18  ±  0.23d 5.94  ±  0.5
Range 4.8—6.04  4.93—6.84  5.3—6.88  5.7—6.64  5.7—6.48  4.8—6.88
K-S (Sig.)  0.920  0.925  0.957  0.849  0.895  0.120

Wrist B
Mean  ±  SD  4.91  ±  0.07  4.96  ±  0.44  5.09  ±  0.39  5.48  ±  0.36  5.47  ±  0.43c 5.22  ±  0.45
Range 4.85—4.99  4.45—6.1  4.5—5.63  4.9—6.12  4.8—6.02  4.45—6.12
K-S (Sig.) 0.040e 0.720  0.999  1.00  0.984  0.000e

Femur  B
Mean  ±  SD 6.9  ±  0.86b 7.07  ±  0.84d 7.81  ±  0.81a 7.93  ±  0.98  8.55  ±  0.74d 7.67  ±  1.01a

Range  5.66—7.7 5.78—8.4 6.57—9.0  6.1—9.5  7.34—9.5  5.66—9.5
K-S (Sig.) 0.409  0.577  0.861  0.781  0.890  0.763

Ankle B
Mean  ±  SD 5.92  ±  0.12 6.17  ±  0.33 6.37  ±  0.29 6.58  ±  0.37  6.59  ±  0.28  6.39  ±  0.37
Range 5.76—6.05  5.65—6.87  5.8—6.8  5.8—7.5  5.99—7.0  5.65—7.5
K-S (Sig.)  0.040e 0.720  1.00  0.933  1.00  0.000e

n, N: number of study participants; Mean: average value; SD: standard deviation; BF%: body fat percentage; Muscle%: muscle mass
percentage; Skelet%: skeletal mass percentage. All measures are in cm.

a Statistically significant influence on the success (p < 0.05): p = 0.00002.
b Statistically significant influence on the success (p < 0.05): p = 0.0001.
c Statistically significant influence on the success (p < 0.05): p = 0.003.
d .02.
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Statistically significant influence on the success (p < 0.05): p = 0
e Absence of normal distribution (p < 0.05): p = 0.02.

up  also  as  significant  predictive  factors  of  performance
in  RG  (b  =  −7.9,  p=  0.02  and  b  =  6.8,  p  =  0.003,  respec-
tively).

1. Discussion
The  ‘‘ideal’’  ratio  of  body  composition  parameters  in  a
healthy  individual  implies  15%  of  skeletal  mass,  40%  of  mus-
cle  mass,  20%  of  body  fat,  and  25%  of  the  rest.  According

t
c
t
h

o  Durašković [16], the  relative  amount  of  these  tissues  in
emales  is  as  follows:  15—16%  of  bone  tissue,  40—45%  of
uscle  tissue,  and  18—20%  of  fat  tissue.  The  problem  is

hat  the  paradigms  of  health  and  sport  are  different,  and
his  distinction  is  important  when  it  comes  to  the  applica-
ion  of  body  composition  data  [17].  This  means  that  defining

he  ‘‘normal’’  or  ‘‘ideal’’  body  composition  standard  is  very
omplex  if  we  take  into  account  every  single  influential  fac-
or  (genetics,  gender,  growth  and  aging,  physical  activity,
ealth  status,  etc.).  Also,  the  values  of  body  composition
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Table  4  Comparison  of  this  study’s  and  previously  reported  body  composition  profiles  of  RGs  of  different  age  categories.

Studies  Sample  (n)  Level  of  performance  Age  (yrs)  BF%  Muscle%  Skelet%

This  study  10  National  and  international  7—9  8.55  ±  2.75  32.7  ±  1.59  20.61  ±  0.39
22 9—12  10.9  ±  3.58  34.91  ±  1.54  19.39  ±  1.42
18 12—14  10.05  ±  3.41  37.4  ±  2.2  18.88  ±  0.83
19 14—16  16.58  ±  3.57  36.45  ±  1.53  17.14  ±  1.14
15 16—20  22.5  ±  4.89  33.55  ±  2.47  15.8  ±  0.54

Quintero et  al.  [21]  21  National  8—10  10.61  ±  1.6  49.22  ±  2.3  19.24  ±  1.5
15 11—13  11.01  ±  1.4  48.16  ±  1.9  19.93  ±  2.3
19 13—14  12.39  ±  2  46.47  ±  10  17.84  ±  1.7
15 15—19 11.99  ±  1.5 49.89  ±  1.1 17.23  ±  0.8

Vernetta et  al.  [22] 12  National  9—11 8.88  ±  9.4 50.32  ±  1.8 19.99  ±  1.42
8 12—15 9.52  ±  0.62 50.4  ±  1.55 19.19  ±  1.54
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n: number of study participants; yrs: years; BF%: body fat perc
percentage. All measures are Mean ± SD, except for Age which is 

arameters  in  athletes  are  contingent  not  only  upon  gender,
ut  upon  level  of  competition,  as  well  as  sports  discipline
18].

Although  we  cannot  deny  the  fact  that  the  assessment
f  body  composition  in  the  growing  and  developing  individ-
al  is  fraught  with  difficulties  because  of  a  range  of  issues
19],  quantifying  body  composition  plays  an  important  role
n  monitoring  athletes’  performance,  but  especially  so  in
G  as  a  highly  aesthetic  sport  where  the  tissue  composition
f  the  body  profoundly  affects  performance  or  adjudica-
ion  [7,20].  Purenović-Ivanović’s  [10]  in-depth  review  of

 number  of  studies  on  RGs’  morphological  characteris-
ics  revealed  that  most  authors  emphasized  the  significance
f  RGs’  morphological  attributes  and  body  shape.  Out  of
2  reviewed  research  papers,  only  two  [21,22]  took  into
ccount  the  same  body  composition  model  (percentage  of
ody  fat,  muscle  mass  and  skeletal  mass)  in  RGs  of  differ-
nt  age  categories  as  in  this  ongoing  study  (see  Table  4),
roviding  us  with  an  opportunity  for  some  kind  of  results
omparison.

Mostly,  elite  RGs  are  characterized  by  low  fat  mass  essen-
ially  caused  by  the  current  aesthetic  ideal  required  for
omplex  movements  in  this  sport  [23]. It  is  not  rare  for
Gs  to  purposely  initiate  a  restrained  eating  regimen  to
chieve  a  desired  body  fat  level  or  body  weight,  because
hey  commonly  believe  that  a  reduction  in  weight  or  body
at  will  improve  sports  performance,  even  when  they  are
ell  within  the  norms  for  elite-level  athletes  [24]. The  ori-
in  of  this  type  of  behavior  lies  in  the  fact  that  fat  provides
ass  without  adding  to  strength  and,  as  low  fat  percentage
eans  mechanically  more  efficient  movements,  a  low  body

at  percentage  is  common  in  elite-level  gymnasts.  However,
oo  little  body  fat  may  result  in  the  deterioration  of  both
ealth  and  performance  [25],  which  is  something  the  RGs,  as
ell  as  their  coaches,  must  also  bear  in  mind.  In  the  current

tudy,  the  body  fat  percentage  in  RGs  of  the  three  youngest
ge  categories  ranges  between  9%  and  10%,  which  is  below
he  cut-off  point  for  healthy  age-  and  gender-matched  pop-
lation  [15],  but  within  the  range  of  BF%  results  (9%  to  20%)

eported  in  other  similar  studies.  The  situation  with  BF%  in
unior  and  senior  RGs  in  this  study  implies  the  presence  of
igher  levels  of  body  fat  percentage  (>16.5%  and  >22.5%,

d
s
[

ge; Muscle%: muscle mass percentage; Skelet%: skeletal mass
nted as Range.

espectively),  which  is  not  the  case  with  Spanish  RGs  of  the
ame  age  where  BF%  was  around  12%.  Regression  analysis
ndicated  negative  relationship  between  BF%  and  Success
except  for  the  group  of  junior  RGs),  but  not  the  statisti-
ally  significant  independent  contribution  of  this  variable  to
he  prediction  of  Success.

Most  of  the  body  composition  studies  in  general  have  the
uantity  and  proportion  of  body  fat  as  the  focal  point  in
ody  composition  analysis  due  to  perceived  negative  rela-
ionship  of  fatness  to  health,  fitness  and  sports  performance
13]. However,  this  approach  overlooks  the  importance  of
nother  body  composition  component.  Namely,  knowledge
bout  the  changes  in  an  athlete’s  total  and  regional  skele-
al  muscle  mass  is  an  equally,  if  not  more,  significant  factor
n  sport  performance.  Our  study  results  have  confirmed  this
artially.  The  regression  indicated  Muscle%  as  a  significant
ndependent  contributor  to  the  prediction  of  Success  in
ntermediate  RGs,  but  with  negative  relationship  between
hese  two  variables.  The  average  value  of  relative  muscle
ass  among  84  study  participants  was  35.3  ±  2.5%,  with  a
iscernible  muscle  mass  growth  trend  as  one  progressed
oward  the  older  age  categories.  Compared  with  the  interna-
ional  level  RGs  in  our  study,  higher  values  were  identifiable
or  this  parameter  in  national  level  RGs  from  Spain,  but
ncrease  in  muscle  mass  with  development  was  not.  It  can
e  argued  that  the  rise  in  the  level  of  RG  performance
emands  muscle  mass  percentage  to  be  within  the  range  of
he  general  female  population.  Alternatively,  these  inter-
tudy  differences  could  be  attributed  to  the  different  types
f  body  composition  assessment.

Unlike  fat  and  muscle  tissues,  which  are  active  compo-
ents  of  the  locomotor  apparatus  and  highly  susceptible  to
nvironmental  influences,  the  skeleton  is  a  passive  part  of
he  locomotor  apparatus  and  highly  influenced  by  genetic.
owever,  bone  tissue  is  a  dynamic  type  of  tissue  responding
o  environmental  and  endocrine  changes.  Nevertheless,  it  is
ess  volatile  than  either  muscle  or  fat  tissue,  and  its  influ-
nce  upon  human  performance  has  been  largely  neglected
13]. This  neglect  of  and  disregard  for  the  importance  of

etermining  the  role  of  bone  tissue  was  also  identified  in  the
tudies  considered  in  the  review  study  by  Purenović-Ivanović
10], where  only  three  out  of  32  studies  took  into  account
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Body  composition  of  rhythmic  gymnasts  

this  body  composition  parameter.  This  study  has  confirmed
the  unjustified  neglect  of  bone  tissue,  because,  accord-
ing  to  regression  analysis  results,  Skelet%  is  a  significant
independent  contributor  to  the  prediction  of  Success,  in
intermediate  and  junior  RGs,  but  with  negative  relationship
between  these  two  variables.  The  average  values  of  skele-
tal  mass  in  senior  RGs  are  in  the  range  of  suggested  values
for  the  population  of  healthy  adult  females,  with  a  dis-
cernible  trend  toward  decrease  in  bone  tissue  percentage,
from  20%  in  younger  categories  to  15%  identified  in  seniors.
Also,  when  considering  upper  and  lower  limbs’  joints  diame-
ters,  their  influence  on  the  performance  scores  was  noticed,
especially  of  knee  diameter  (except  in  the  group  of  junior
RGs),  but  as  well  as  of  elbow  and  wrist  in  senior  RGs.  Namely,
Rhythmic  Gymnastics  is  a  weight-bearing  activity  with  pro-
found  effect  on  growing  bones,  resulting  in  higher  bone  mass
in  RGs  [26—28].  This  ‘‘bone  loading’’  sport  is  enriched  by
jumps  which  are  osteogenic  [29],  and  can  improve  bone
mineral  density  (BMD)  in  young  gymnasts  [30].  Since  one  of
the  typical  RG  requirements  and  characteristics  is  appara-
tus  handling,  which  implies  a  high-level  of  wrist  and  elbow
engagement  [31],  it’s  no  wonder  we  obtained  these  study
results.

1. Conclusion

Regarding  body  composition  in  athletes  in  general,  the
dominant  expectations  are  for  low,  below-average  fat  per-
centage,  high  muscle  mass  percentage,  and  higher  bone
mass  percentage,  since  it  is  well  documented  that  exercise
helps  maintain  a  ‘‘positive’’  body  composition,  by  main-
taining  the  integrity  of  bones,  maintaining  muscle  mass  and
helping  to  maintain  energy  balance,  without  which  the  pro-
gression  to  excess  body  fat  is  more  apparent.  In  Rhythmic
Gymnastics,  which  is  an  aesthetic,  body-conscious  sport,  in
addition  to  talent,  adequate  body  build  and  constitution  are
prerequisites  for  achieving  success.  In  order  to  determine
the  significance  and  influence  of  body  composition  as  a  pre-
dictive  factor  for  successful  RG  performance,  we  applied
regression  analysis  on  a  sample  of  84  high-level  gymnasts.
The  confirmation  came  in  the  form  of  46%,  i.e.  51%  of  expla-
nation  of  the  success  in  RG  performance  by  body  composition
profile  in  junior  and  intermediate  group.  Statistical  anal-
ysis  has  identified  and  marked  muscle  and  skeletal  mass
percentage  as  significant  independent  contributors  to  the
prediction  of  successful  RG  performance,  while  the  contri-
bution  of  body  fat  percentage  is  missing.  However,  almost  all
of  the  selected  body  composition  parameters  have  exhibited
negative  relationship  with  the  sport  performance,  indicating
that  under-average  body  fat,  long  and  slim  limbs,  but  also
light  weight,  are  desirable  morphological  characteristics  for
high-level  performance  in  RG.

1. Study limitations

This  type  of  profiling  can  generate  a  useful  database  against
which  talented  groups  may  be  compared,  although  body

composition  assessment  of  the  growing  and  developing  indi-
vidual  is  fraught  with  difficulty  because  of  a  range  of  issues.
However,  anthropometric  measurement  alone  does  not  pro-
vide  a  representative  assessment  of  gymnasts’  physical
147

apabilities  necessary  for  successful  performance  in  Rhyth-
ic  Gymnastics.  The  fact  that  statistically  significant  influ-

nce  of  body  composition  parameters  on  RG  performance
as  identified  only  in  two  subsamples  (juniors  and  interme-
iate  RGs),  which  are  subsamples  with  a  higher  number  of
articipants  than  in  the  remaining  three  (n  =  19  and  n  =  22,
espectively),  problematizes  the  study’s  results  and  points
o  a  basic  limitation  of  this  study:  had  a  larger  number  of
articipants  of  the  appropriate  age  category  been  included,
ifferent  results  may  have  been  obtained.  The  relative
keletal  mass  assessment  by  formula  is  also  one  of  the  few
tudy  limitations,  so  as  the  study  design:  a  longitudinal  study
esign,  instead  of  cross-sectional  one,  would  have  enhanced
he  study’s  results  and  conclusion.  Also  a  nutrition  survey
ould  have  been  of  great  help  for  evaluation  of  RGs’  dietary

ntake,  its  influence  on  their  body  composition  profile,  which
ould  have  improved  the  discussion  of  the  obtained  results.
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editors. Proceedings of the 2nd Electronic International Inter-
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Nǐsu; 2009 [Sports medicine. In Serbian].
17] Stewart AD. The concept of body composition and its applica-
tions. In: Stewart AD, Sutton L, editors. Body composition in
sport, exercise and health. New York: Routledge; 2012. p. NY,
1—19.

[
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