
S

O

T
m
w
L
m

A
J

a

b

c

d

e

f

g

R
h

i

R
A

h
0

cience & Sports (2016) 31,  152—157

Disponible  en  ligne  sur

ScienceDirect
www.sciencedirect.com

RIGINAL ARTICLE

he  effects  of  combined  training  on  bone
etabolic  markers  in  postmenopausal
omen

es  effets  d’un  entraînement  combiné  sur  les  marqueurs  du
étabolisme  osseux  chez  la  femme  post-ménopausée

.  Pereiraa,b,∗,  A.M.  Costab,c,d,  A.  Palmeira-de-Oliveirad,e,f,
.  Soaresb,g,  M.  Monteirob,h,  J.H.H.  Williams i

School  of  Education,  Polytechnic  Institute  of  Setubal,  Setúbal,  Portugal
Research  Center  in  Sports  Sciences,  Health  Sciences  and  Human  Development  (CIDESD),  Vila  Real,  Portugal
Department  of  Sport  Sciences,  University  of  Beira  Interior,  Covilhã,  Portugal
Health  Sciences  Research  Centre  (CICS-UBI),  Covilhã,  Portugal
Faculty  of  Health  Science,  University  of  Beira  Interior,  Covilhã,  Portugal
Health  Products  Research  and  Development  (Labfit  —  HPRD),  Covilhã,  Portugal
Department  of  Sport  Sciences,  Exercise  and  Health,  University  of  Trás-os-Montes  and  Alto  Douro,  Vila
eal, Portugal
School  of  Education,  Polytechnic  Institute  of  Bragança,  Bragança,  Portugal
Chester  Center  for  Stress  Research,  Institute  of  Medicine,  University  of  Chester,  UK

eceived 29  April  2015;  accepted  8  March  2016
vailable  online  4  May  2016

KEYWORDS
Exercise;
Bone  formation
marker;

Summary
Objectives.  —  Exercise  plays  an  important  role  in  maximizing  and  subsequent  reduction  of  the
maximum  rates  of  bone  loss.  The  purpose  of  this  study  was  to  determine  whether  16  weeks  of
combined  exercise  in  postmenopausal  would  affect  bone  metabolism.
Equipment  and  methods.  —  Eleven  participants  (53.1  [±4.0]  years)  performed  combined  train-
Post-menopausal

women ing that  consisted  of  60—75%  of  1  RM,  2—3  sets  of  10—15  repetitions  in  specific  machines  and
r  exercises  using  an  step  platform  (55—80%  FCreserve).  Cross-linked
20—30 min  of  cardiovascula
N-terminal  telopeptides  of  type  I collagen  (NTX)  was  used  to  analyze  bone  resorption  and  serum
alkaline  phos-phatase  (ALP)  to  analyze  bone  absorption.
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Results.  —  After  the  training  period,  postmenopausal  significantly  (P  <  0.05)  increase  their  mus-
cle functionality  (14%  to  26.5%).  Levels  of  NTX  were  not  affected  but  there  was  a  significant
increase  in  bone  synthesis  (ALP:  12.5%  to  15.9%),  while  there  is  no  change  in  bone  resorption.
Combined  training  appears  to  be  useful  in  improving  total  muscular  performance  and  potentially
in bone  density.
© 2016  Elsevier  Masson  SAS.  All  rights  reserved.

MOTS  CLÉS
Exercice  ;
Le  marqueur  de  la
formation  osseuse  ;
Les  femmes
post-ménopausées

Résumé
Objectifs.  —  L’exercice  joue  un  rôle  important  dans  l’optimisation  et  la  réduction  subséquente
des taux  maximales  de  la  perte  osseuse.  Cette  étude  avait  comme  objectif  déterminer  si  après
16 semaines  d’exercice  combiné,  en  postménopause,  le  métabolisme  osseux  serait  affecté.
Matériel et  méthodes.  —  Onze  participants  (53,1  [±4,0]  ans)  ont  réalisé  une  formation  com-
binée composée  de  60—75  %  de  1RM,  2—3  séries  de  10—15,  reproduite  dans  des  machines
spécifiques,  et  20—30  min  d’exercices  cardiovasculaires  utilisant  un  step  fitness  (55—80  %  FCre-
serve). Un  réticulé  télopeptides  N-terminal  du  collagène  de  type  I  (NTX)  a  été  utilisé  pour
analyser  la  réabsorption  des  os  et  sérum  alcaline  phos-phatase  (ALP)  pour  analyser  l’absorption
de l’os.
Résultats.  —  Après  la  période  de  formation,  les  femmes  post-ménopausées  ont  vu  la  fonction-
nalité des  muscles  augmenter  significativement  (p  <  0,05)  (14—26,5  %).  Les  niveaux  de  NTX  n’ont
pas été  affectés,  mais  il  y  avait  une  augmentation  significative  de  la  synthèse  osseuse  (ALP  :
12,5—15,9  %),  alors  qu’il  n’y  a  aucun  changement  dans  la  réabsorption  osseuse.  La  forma-
tion combinée  semble  être  utile  dans  l’amélioration  de  la  performance  musculaire  totale  et,
potentiellement,  dans  l’augmentation  de  la  densité  osseuse.
© 2016  Elsevier  Masson  SAS.  Tous  droits  réservés.
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1. Introduction

There  is  growing  evidence  that  the  decline  in  estrogen  levels
caused  by  menopause  induces  a  state  of  negative  metabolic
changes  in  which  bone  resorption  often  exceeds  bone  for-
mation,  thereby  decreasing  bone  mass  [1,2]. During  the
postmenopausal  period,  typically  50—60  years  of  life,  mus-
cular  strength  also  declines  as  bone  metabolism  changes
result  in  reduced  bone  density  [3,4].  Moreover,  with  aging
and  the  resulting  sedentary  lifestyle,  results  in  physiological
changes  responsible  for  losses  in  motor  function.  Thus,  there
is  an  increasing  need  for  novel  techniques  to  counteract
bone  and  muscular  loss.

Studies  on  exercise  training  suggest  that  it  may  play  an
influential  role  preventing  at  least  some  of  the  negative  con-
sequences  of  the  menopause,  such  as  osteoporosis  [5]. A
positive  effect  of  exercise  on  bone  mass  has  been  demon-
strated  in  postmenopausal  women  [6—9]  although  the  results
were  not  always  consistent  due  to  methodological  issues,
namely:  the  age  of  the  participants,  differences  between
each  mode  of  exercise  (aerobic  vs.  resistance  exercise,  iso-
metric  or  concentric  actions,  frequency  of  exercise,  testing
measures),  the  duration  of  the  intervention  and  the  markers
of  bone  changes  used.

Bone  density  is  determined  by  a  balance  between
bone  synthesis  by  osteoblasts  and  resorption  by  osteoclasts
[10].  To  evaluate  the  effect  of  distinct  factors  on  bone
metabolism,  different  bone  markers  have  been  identified
[11].  The  urinary  cross-linked  N-terminal  telopeptides  of

type  I  collagen  (NTX)  is  considered  a  specific  bone  resorption
marker  [2]  and  bone-alkaline  phosphatase  (ALP),  is  a  recog-
nized  bone  formation  marker  [12].  While  exercise  seems  to

E
5
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e  effective  in  lowering  the  risk  of  falls  and  maintain  mus-
ular  performance  in  selected  people  and  it  should  through
lterations  in  regulation  of  bone  metabolism  prevent  the
eterioration  [6].  It  is  well  accepted  that  high-intensity
erobics  and  high-speed  resistance  training  exercise  seems
o  be  more  efficient  to  increase  bone  metabolism  than
ow-  to  moderate-intensity  activity  [5,6].  Thus,  power  train-
ng  in  postmenopausal  women  could  be  important  for  the
aintenance  of  bone  mineral  density  as  an  easily  avail-

ble  effective  exercise  programs.  Muscle  strength  has  been
uggested  to  increase  bone  integrity  and  the  ability  to  with-
tand  the  biomechanical  forces  involved  in  muscular  tasks
13]. However,  muscle  power  is  more  closely  associated
o  functional  task  performance  and  risk  of  falling  in  post-
enopausal  women  than  maximal  strength  [14].  The  aim

f  this  study  was  to  examine  the  effects  of  16  weeks  of
ombined  three-weekly  step  aerobics  exercise  and  high-
peed  power  training  on  maximal  strength  of  the  lower-  and
pper-body  extremities.  It  was  hypothesized  that  specific
ombined  training  in  postmenopausal  women  would  lead  to
ignificant  gains  in  muscular  performance  and  alter  the  bal-
nce  in  bone  metabolism  towards  synthesis  as  opposed  to
esorption.

.  Methods

.1.  Participants
leven  postmenopausal  Caucasian  women  (age:
3.1  ±  4.0  years;  body  mass:  68.2  ±  11.2  kg;  height:
.55  ±  0.06  m)  were  submitted  to  a  combined  exercise
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instructions  supplied  with  the  test.  The  bone  alkaline  phos-
phatase  (also  called  skeletal  alkaline  phosphatase  [sALP])
was  performed  using  the  Access  Ostase  assay,  an  in  vitro
54  

rogram.  Although  isn’t  an  older  sample  the  study  but  is
elevant  to  the  understanding  of  the  effects  of  exercise
n  bone  metabolism.  In  addition,  prevention  should  be  a
rinciple  in  practice  and  choose  the  type  of  exercise  in  the
lder  population.  Apart  from  routine  daily  tasks,  the  group
nderwent  a  16-week  resistance-training  program  of  three
raining  sessions  per  week  in  non-consecutive  days.  None  of
he  participants  had  a  history  of  resistance  training.  Before
nclusion  in  the  study,  all  candidates  were  thoroughly
creened  by  a  physician.  None  of  the  participants  were
ast  of  smokers  and  had  a  history  of  hormone  (estrogen)
eplacement  therapy  or  had  ever  taken  medication  that
ffects  bone  metabolism,  such  as  glucocorticoid,  warfarin,
ethotrexate,  bisphosphonate,  vitamin  D,  vitamin  K,  or  cal-

itonin.  A  written  informed  consent  was  obtained  from  each
articipant.  The  experimental  procedures  were  approved  by
he  university  local  research  ethics  committees,  following
he  Helsinki  declaration.

.2.  Testing  procedures

he  evaluation  process  requires  reliability,  specificity  and
acility  of  application,  especially  when  participants  are
edentary  and  inexperienced.  Thus,  we  used  protocols  that
ere  time-economical  and  that  had  been  previously  used  in

ecent  studies  for  the  assessment  of  muscle-skeletal  func-
ion  in  older  people  [15].  All  testing  procedures  were  applied
efore  the  experimental  period  (T1)  and  after  16  weeks  of
raining  (T2).  Measurements  (T1  and  T2)  took  place  over  a
eriod  of  3  days  (three  sessions  separated  by  3  to  5  days),
lways  in  the  same  location  and  time  and  supervised  by
he  same  researchers.  In  the  first  session,  all  participants
ere  assessed  on  anthropometric  variables:  weight,  height,

esting  heart  rate  and  functional  parameters  (sit-to-stand
nd  timed  and  go  up  tests).  The  second  session  (3rd  day)
nvolved  measures  of  power  (vertical  jump)  and  maximum
ynamic  strength  (one-repetition  maximum  leg  extension
nd  bench  press).  Before  testing,  each  subject  was  famil-
arized  with  all  strength  testing  procedures,  preceded  by  a
eneral  warm-up  routine.  Verbal  encouragement  was  given
hroughout  the  voluntary  test  and  biofeedback  provided  in
rder  to  maximize  motivation.

.3.  Anthropometric  measures

otal  height  (cm)  and  body  weight  (kg)  were  assessed
ccording  to  international  standards  for  anthropometric
ssessment.  To  evaluate  height  (cm)  a  stadiometer  (SECA,
odel  225,  Germany)  with  a  scale  range  of  0.10  cm  was  used

nd  body  mass  (kg)  was  measured  to  the  nearest  0.1  kg  using
 digital  scale  (Philips,  type  HF  351/00).  These  parameters
ere  assessed  prior  to  any  physical  performance  test.  Partic-

pants  were  tested  whilst  wearing  shorts  and  t-shirts  (shoes
nd  socks  were  removed).

.4.  Strength  tests
ower-body  maximal  strength  was  assessed  using  one-
epetition  maximum  leg-extension  (1RMLE)  [3].  On  com-
and,  the  subject  performed  a  concentric  leg  extension  (as

o
s
A
c

A.  Pereira  et  al.

ast  as  possible)  starting  from  the  flexed  position  to  reach
he  full  extension  of  180◦ against  a  resistance  determined  by
iven  weight  plates  following  4  to  5  separate  attempts  until
he  subject  was  unable  to  extend  the  legs  to  the  required
osition.  The  last  acceptable  extension  with  the  highest  pos-
ible  load  was  determined  as  1  RMLE.

Additionally,  each  subject  was  tested  for  maximal  bilat-
ral  concentric  one-repetition  bench  press  (1  RMBP).  The
ubject  was  instructed  to  perform  from  the  starting  posi-
ion  a  purely  concentric  action  maintaining  the  shoulders
n  a  90◦ abducted  position  following  3  to  4  trials  until  the
ubject  was  unable  to  reach  the  fully  extended  position  of
he  arms.  The  last  acceptable  extension  with  the  highest
ossible  load  was  determined  as  1  RMBP [15].

.5.  Power  tests

 trigonometric  carpet  (Ergojump  Digitime  1000;  Digitest,
yvaskyla,  Finland)  was  used  to  assess  maximum  height  in
ounter-movement  vertical  jump  (CMJ)  [15].  Each  subject
tarted  from  an  erect  standing  position  and  the  end  of  the
oncentric  phase  corresponded  to  a  full  leg  extension  (180◦).
he  test  was  performed  three  times,  each  one  separated  by

 2-minute  of  resting  period.  The  average  maximum  height
f  three  trials  was  adopted  and  expressed  in  centimeters
cm).

.6.  Functional  tasks

he  8-foot  up  and  -go  test  (TUG)  was  used  to  assess  the
ynamic  balance,  represented  by  the  total  time  required
or  the  participants  to  rise  from  a  seated  position,  walk
ight  feet  (2.44  m),  turn  and  return  to  a  seated  position
16].

Additionally,  the  30-second  sit-to-stand  test  (STS)  was
erformed  [16].  Before  starting  a  straight-backed  chair  was
laced  next  to  a  wall;  participants  were  asked  to  flex  their
rms  across  the  chest  and  to  stand  up  from  a  seated  position
n  the  chair.  From  the  sitting  position,  the  subject  stood
p  to  full  height,  then  completely  back  down,  this  cycle
eing  repeated  as  quickly  as  possible  for  30  seconds.  The
otal  number  of  repetitions  was  recorded  [17].

.7.  Bone  marker  measurements

wo  bone  markers  were  tested:  cross-linked  N-telopeptide
f  type  I  collagen  and  the  bone  alkaline  phosphatase  [6].
he  NTX-Serum  test  ELISA  was  used  for  the  quantitative
easured  of  cross-linked  N-telopeptide  of  type  I collagen  in

uman  serum.  It  was  performed  using  the  commercial  test
steomark® (Tecomedical  AG,  Switzerland)  following  the
ne-step  immunoenzymatic  assay  for  the  quantitative  mea-
urement  of  sALP,  using  Beckman  Coulter  Access  Ostase
ssay  (Beckman  Coulter  Inc.,  Fullerton,  CA).  Assays  were
arried  out  following  manufacturer’s  instructions.
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Table  1  Upper  and  lower  limbs  strength  and  func-
tional  capacity  in  postmenopausal  women  before  and  after
16 weeks  of  combined  training.

T1  T2  P

Measurement  х  ±  �  х  ±  �  (T1—T2)
1 RMBP (kg)  21.8  ±  7.5  25.0  ±  5.0  0.240
1 RMLE (kg)  52.2  ±  5.6  59.5  ±  6.5  0.015
CMJ (cm)  12.8  ±  2.1  15.7  ±  3.7  0.047
TUG (sec.)
STS  (no.)

22.9  ±  8.2  23.3  ±  7.1  0.001
23.8  ±  4.4 30.1  ±  3.9 0.014

Data are presented as mean ± standard deviation (х ± �);
P (T1-T2): P < 0.05. Significantly different from before (T1)
to after (T2) training; 1 RMBP: one-repetition bench press;
1 RMLE: one repetition maximum leg-extension; CMJ: counter-
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T
high-speed  power  training  and  aerobic  exercise  using  a
step  platform  in  postmenopausal  women  induced  signif-
icant  improvements  in  maximal  strength  in  1  RMLEG and
1  RMBP,  CMJ  power  test  and  TUG  and  STS  functional  tests

Table  2  Markers  of  bone  metabolism  in  postmenopausal
women  before  and  after  16  weeks  of  combined  training.

T1  T2  P

Measurement  х  ±  �  х  ±  �  (T1—T2)
B-ALP (U/L)  21.8  ±  2.21  24.7  ±  3.12  0.041
NTx (nmol

BCE/mmol  Cr)
12.5  ±  0.52  11.5  ±  0.40  0.996
Combined  training  and  bone  metabolic  markers  in  postmeno

2.8.  Combined  exercise  program

The  training  protocol  included  the  step  aerobics  exercise
that  consisted  of  3  sessions  per  week,  45  to  60  minutes  per
session  during  16  weeks  with  the  same  certified  instruc-
tor.  The  aerobic  component  within  the  training  program
included  30  minutes  of  cardiovascular  exercises  using  a  step
platform.  Each  session  included  10  minutes  of  warm-up  and
20  minutes  of  step  aerobics  training.  In  the  first  2  weeks  of
exercise,  participants  were  initiated  to  the  basic  movements
and  choreography  with  continuous  movement  of  legs  and
alternating  movement  of  the  arms  (bicep  curls  and  lateral
raises  at  shoulder  level  and  above  the  head)  simultaneously
with  the  selected  steps.  Exercise  included  movements  of
conventional  basic  step.  The  aerobic  session  started  with
a  work  heart  rate  (HR)  of  40—50%  of  maximum  HR  (HRmax)
[18]  (1—3th  week),  increasing  progressively  to  50—70%  HRmax

(4—6th  week),  and  then  to  70—85%  HR  (7—8th  week).  The
perceived  exertion  was  11  to  13  (6  to  20  points  in  Borg
scale).  HR  monitoring  equipment  (Accurex  plus,  Polar  Elec-
tro  Oy,  Finland)  was  used  to  monitor  and  records  were
kept  during  exercise.  Music  was  selected  to  increase  work
HR  and  the  cadence  of  the  sessions  was  between  120  and
128  foot-strikes  per  minute.  Then,  participants  performed
2  exercises  for  the  leg  extensor  muscles  (leg  extension  and
leg  press)  and  1  exercise  for  the  arm  extensor  muscles  (the
bench  press)  and  finished  with  abdominal  crunches  and  trunk
extensors.  An  interval  period  of  at  least  2  min  was  permit-
ted  between  sets  and  between  exercises.  During  the  first
2  weeks  of  the  training  period,  the  participants  trained  with
loads  of  40—50%  of  the  individual  1RM,  10—12  repetitions
per  set,  and  3—4  sets  of  each  exercise,  and  progressively
increase  to  75%  of  1RM,  3  sets  by  4—6  reps.  Participants  were
performing  all  exercises  at  high  velocity,  with  instructions
to  do  them  ‘‘as  fast  as  you  can’’.  Each  training  session  was
closely  supervised  and  monitored  by  two  researchers,  spe-
cialized  in  physiology  and  in  aerobic-dance  instruction  to
direct  and  assist  each  subject  towards  achieving  the  appro-
priate  work  rates  and  loads  [3].

2.9.  Statistical  analysis

Data  are  presented  as  descriptive  statistics  by  mean  and
standard  deviation  (х  ±  �) were  calculated  for  all  variables.
Percent  changes  from  before  to  after  were  calculated  from
the  differences  in  the  scores.  Comparisons  of  means  at  base-
line  and  after  exercise  training  were  performed  using  a
one-sample  t-test  and  paired  simple  t-test.  A  P-value,  set
a  priori,  of  P  ≤  0.05  was  considered  statistically  significant.
Data  were  analyzed  using  SPSS  21.0  for  Windows.

3. Results

A  significant  F-value  was  observed  (F  =  46.0,  P  =  0.000)
between  all  measures.  Test—retest  reliabilities,  as  showed
by  ICC,  ranged  from  0.89  to  0.93  for  all  testing  exer-
cises.  There  were  no  significant  differences  observed  for

anthropometric,  in  height,  weight  or  BMI  between  first
(T1)  and  second  evaluation  (T2)  in  the  postmenopausal
women  (Table  1).  From  the  pre-  to  post-training  period,
the  post-menopausal  significantly  (t  =  −2.951;  P  =  0.015)
movement vertical jump; TUG: 8-foot-up and -go test and
STS: 30-second sit-to-stand test.

ncreased  their  dynamic  strength  performance  in  1  RMLE

14%),  whereas  no  significant  changes  were  observed  in
 RMBP (t  =  −1.249;  P  =  0.240)  (Table  1).  After  the  train-
ng  period,  significant  (t  =  −2.259;  P  =  0.047)  increases  were
bserved  in  power  capacity  performed  by  CMJ  perfor-
ance  (22.7%)  (Table  1).  In  both  functional  tasks,  the
ost-menopausal  women  showed  significant  improvements
n  performance  after  the  training  period  in  TUG  (−15.9%:
.7  seconds;  t  =  4.858;  P  =  0.001)  and  STS  test  (26.5%;

 = −2.971;  P  =  0.014)  (Table  1).
At  the  beginning  of  the  program  training,  all  participants

howed  normal  ranges  of  NTX  and  ALP  levels  (Table  2).  After
he  16-weeks  of  combined  exercise,  results  showed  that
here  was  no  significant  change  in  serum  NTX  (initial  value
12.5  (0.52)  nmol  BCE/mmol  Cr  to  final  value  11.5  (0.40)
mol  BCE/mmol  Cr,  8%;  P  = 0.996])  (Table  2),  although,  there
as  a  significant  increase  in  the  serum  ALP  (U/l)  levels  ([21.8

2.21)  U/L  to  24.7  (3.12)  U/L,  13.3%,  t  =  −2.251;  P  = 0.041])
fter  the  training  program  (Table  2).

.  Discussion

his  study  demonstrates  that  combined  training  focus  on
Data are presented as mean ± standard deviation (х ± �); P
(T1-T2): P < 0.05. Significantly different from before (T1) to
after (T2) training; B-ALP: bone-specific alkaline phosphatase;
NTX: type I collagen cross-linked N-telopeptide.
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erformance.  There  was  no  change  in  serum  NTX  level,  but
 clinically  significant  increase  in  sALP  after  16  weeks.

After  the  training  program,  postmenopausal  women
howed  clinically  significant  improvements  in  dynamic  mus-
ular  strength  in  lower  and  upper  limbs.  These  results
re  similar  to  those  previously  reported  for  older  partic-
pants  submitted  to  high-speed  resistance  programs  [3].
unctional  capacity  also  increases  during  the  16  weeks,  sup-
orting  the  fact  that  specific  combined  training  may  be  an
ptimal  resistance  training  intrasession  to  increase  func-
ional  performance  in  postmenopausal.  Considering  that
uscle  power  is  more  closely  associated  to  functional  task
erformance  and  risk  of  falling  in  postmenopausal  women
han  maximal  strength  [19],  these  observations  may  help
o  explain  the  higher  increase  observed  in  TUG  test  and
n  STS  performance.  Usually,  arising  from  a  chair  can  be
elated  to  aging-associated  neuromuscular  wasting  and  mor-
hological  changes  in  the  lower  limbs  [3].  Therefore,  our
esults  may  reinforce  the  notion  that  combined  training
an  be  useful  to  counteract  the  muscular  aging-associated
asting  processes,  and  increase  functional  performance

n  every  tasks  such  as  climbing,  sitting  and  rising  from
 chair  [20].  This  would  help  postmenopausal  women  to
e  more  independent  and  maintain  or  increase  their  qual-
ty  of  life  [2].  Also,  the  regulation  of  bone  metabolism
ppears  to  be  important  to  prevent  the  deterioration  of  bone
echanical  properties  [21].  The  present  study  demonstrates

hat  even  though  serum  NTX  levels  were  not  decreased  by
ombined  exercise,  there  were  significant  increases  in  the
erum  sALP  levels,  showing  the  potential  for  combined  exer-
ise  to  positively  affect  bone  quality  in  postmenopausal
omen.  Previous  studies  have  shown  the  positive  effect
f  exercise  on  bone  health  in  post-menopausal  women,
sually  by  a  reduction  in  bone  loss  [22].  The  participants
f  this  study  did  not  always  show  extremely  high  bone
urnover.  In  our  participants,  the  serum  NTX  level  decreased
nd  the  ALP  increased.  Thus,  the  decrease  in  the  serum
TX  level  might  play  an  important  role  for  the  mainte-
ance  or  increase  of  bone  mass  with  the  intervention  with
ombined  exercise  as  a  significant  antiresorptive  effect
f  combined  exercise  on  bone  mass  in  postmenopausal
omen.

Our  innovative  design  of  program  training,  as  the  compli-
nce  of  aerobic  exercise  performed  by  step  platform,  and
raining  methodology  include  suggestions  about  exercise
ntensity  that  it  should  be  above  the  aerobic  threshold,
orresponding  to  60%  to  70%  of  maximal  oxygen  uptake
23].  Thus,  the  complement  of  exercises  under  an  exercise
hat  stimulates  lower  limbs,  can  also  promote  significant
mprovements  in  muscle  strength  and  body  balance,  a
ignificant  way  to  prevent  falls  in  participants  with  gait  dis-
urbance  as  it  is  usually  related  to  injuries  in  this  population.
his  is  an  important  outcome  in  line  with  meta-analysis  in
he  elderly  showing  that  exercise  was  effective  in  lowering
he  risk  of  falls  and  fall-related  injuries  in  selected  people,
educing  health  care  costs  [24].

Non-loading  muscle  exercise  are  ineffective  for  bone
oss  prevention  [25],  thus,  it  may  be  accepted  that  high-

ntensity  aerobics  and  resistance  exercise  seems  to  be
ore  effective  to  increase  bone  metabolism  than  low-  to
oderate-intensity  as  walking  exercise  [26].  Nevertheless,

he  bone  remodeling  response  to  estrogen  deficiency  is  an
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ncrease  in  the  rate  of  bone  remodeling  activity  and  in  the
ate  of  bone  resorption  relative  to  formation,  resulting  in  a
et  loss  of  bone  mass  [27]. The  stimulus  of  physical  activ-
ty  is  thought  to  first  decrease  the  rate  of  turnover  and
econdly  to  increase  bone  formation.  Endurance  exercise
raining  appears  to  be  an  insufficient  stimulus  to  accom-
lish  both  tasks  [28],  which  may  explain  why  the  present
esults  after  the  combined  training,  induces  the  reduction
n  resorption/elimination  rate.

Bone  mineral  density  is  controlled  by  bone  turnover
hich  is  the  balance  between  synthesis  and  resorption.  Cen-

ral  to  this  balance  is  the  ratio  of  osteoprotogerin  (OPG)
nd  Receptor  activator  of  nuclear  kappa-B  ligand  (RANKL).
ANKL  is  important  to  osteoclastogenesis  and  maintains
he  osteoclast  in  an  activated,  bone  resorbing  mode  [27].
PG  is  the  decoy  receptor  for  RANKL,  and  so  inhibits

ts  bone  resorptive  activity  [29].  Factors  that  are  known
o  affect  bone  metabolism  impact  on  the  production  of
hese  molecules  [27,29,30]  and  so  measurement  of  these
olecules  would  be  useful  in  future  exercise  studies.
Some  limitations  have  been  identified  in  this  study

amely,  the  participants  were  not  randomly  divided  into  the
xercise  and  nonexercise  (control)  groups  because  it  was
mpossible  to  complete  the  bone  markers  measurements  in
omen’s  that  do  not  participate  in  the  exercise  program  and
o  measures  were  made  regarding  bone  minerals  in  order
o  evaluate  their  proportion  in  local  bone  mass.  However,
his  last  item  is  not  considered  critical  as  the  main  pur-
ose  of  this  study  was  to  examine  the  effect  of  exercise  on
one  formation  and  resorption  markers,  especially  on  the
erum  NTX  level  and  ALP.  Therefore,  we  believe  that  the
uration  of  this  study  might  be  sufficient,  if  we  focus  on
he  effect  of  exercise  on  bone  resorption  markers  such  as
erum  NTX.

In conclusion,  this  study  clearly  demonstrates  that  the
echanism  for  the  positive  response  of  bone  markers

ould  be  achieved  by  combined  training  exercise  in  post-
enopausal  women.  Further,  it  appears  to  decrease  the  rate

f  remove/formation  of  bone  turnover.  Studies  are  needed
o  elucidate  the  efficacy  of  long  term  combined  exercise
esponse  on  the  bone  quality  and  the  risk  of  falls  as  an
xercise-related  effect.

. Practical applications

ostmenopausal  women  are  an  increasing  segment  of
he  population  and  consequently,  interventions  aiming  to
mprove  their  quality  of  life  are  becoming  critically  impor-
ant.  Our  results  highlight  that  an  innovative  combined
raining  intervention  is  an  effective,  safe,  and  efficient
trategy  to  achieve  significant  and  clinically  relevant
mprovements  in  muscular  and  functional  tasks  perfor-
ance.  This  effect  is  relevant  to  daily  life  activities  of
ostmenopausal  women,  together  with  significant  improve-
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