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Effects of Different Intensity Resistance Exercise
Programs on Bone Turnover Markers,

Osteoprotegerin and Receptor Activator of
Nuclear Factor Kappa Β Ligand

in Post-Menopausal Women

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  To in ves ti ga te the ef fects of 12-we ek two-dif fe rent in ten sity re sis tan ce tra i ning
prog rams on bo ne tur no ver mar kers, bo ne mi ne ral den sity (BMD), os te op ro to ge rin (OPG), and so lub le re-
cep tor ac ti va tor of nuc le ar fac tor kap pa β li gand (sRANKL) in post me no pa u sal wo men. MMaa  ttee  rrii  aall  aanndd  MMeett  --
hhooddss::  Forty he althy wo men (aged 45-60 ye ars) par ti ci pa ted in the study. High-in ten sity gro up (HIG; n=14)
wor ked 4 days a we ek and per for med two sets of 8-10 re pe ti ti ons at ~70-80% of 1 re pe at ma xi mum (RM).
Low-in ten sity gro up (LIG; n= 13) wor ked in the sa me du ra ti on, with 13-17 re pe ti ti ons, at ~40-50% of 1RM.
Con trol gro up (CG; n = 13) did not per form any exer ci ses. Body com po si ti on, 1RM va lu e for 10 exer ci ses,
re pe ti ti ons of sit-ups for 30 se conds, bo ne for ma ti on and re sorp ti on mar kers, se rum os te o cal ci ne (OC), bo -
ne al ka li ne phosp ha ta se (BAP), βCross Labs, OPG, and sRANKL le vels we re me a su red be fo re and af ter the
tra i ning prog ram. BMD was me a su red vi a du al energy X-ray ab sorp ti o metry. RRee  ssuullttss::  Re sis tan ce tra i ning
ca u sed in cre a ses in spi ne BMD in HIG and LIG (p< 0.05), and OC le vels in cre a sed in the HIG (p< 0.05). We
ob ser ved a sig ni fi cant dif fe ren ce bet we en the per cent chan ge in HIG ver sus the per cent chan ge in CG in
the spi ne BMD va lu es (p< 0.01). sRANKL le vels dec re a sed sig ni fi cantly in all three gro ups. Strength me a -
su res in cre a sed in both exer ci se gro ups (p< 0.001), fa vo ring the HIG. CCoonncc  lluu  ssii  oonn::  High-in ten sity re sis tan -
ce tra i ning may be mo re ef fec ti ve for in cre a sing musc le strength and pro tec ting aga inst os te o po ro sis and
frac tu res. Du e to in sig ni fi cant chan ges in OPG le vels and sig ni fi cant re duc ti ons in sRANKL in all gro ups,
me a su res of cir cu la ting OPG and sRANKL le vels se em not to be so use ful to pre dict BMD or bo ne tur no -
ver sta tus af ter re sis tan ce tra i ning prog rams. The re fo re, the se pa ra me ters re ma in to be de ter mi ned di rectly
in the bo ne mic ro en vi ron ments to get her with BMD me a su res and bo ne tur no ver mar kers.

KKeeyy  WWoorrddss::  Os te o po ro sis, post me no pa u sal; RANK li gand; os te op ro te ge rin 

ÖÖZZEETT  AAmmaaçç::  İki fark lı yük len me şid de tin de ya pı lan 12 haf ta lık di renç an tren man prog ram la rı nın post -
me ne po zal dö nem de ki ka dın la rın, ke mik tur no ver mar ker le ri, ke mik mi ne ral yo ğun lu ğu (KMY), os te op -
ro ge rin (OPG) ve so lub le nük le er fak tör kap pa Β re sep tör ak ti va tör li gan dı (sRANKL) üze ri ne olan et ki si ni
be lir le mek. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Post-me no poz dö nem de ki 40 sağ lık lı ka dın (45-60 yaş) ça lış ma ya ka tıl -
dı. Yük sek şid det gru bu (YŞG; n= 14) haf ta da 4 gün, 1 tek rar mak si mu mun (TM) ~%70-80’i şid de tin de, iki
set, 8-10 tek rar la ça lı şır ken, dü şük şid det gru bu (DŞG; n= 13)  ay nı sü re de, 1 TM’nin ~%40-50’si şid de -
tin de, 13-17 tek rar lık bir di renç an tren man prog ra mı uy gu la dı lar. Kon trol gru bu (KG; n= 13) ise her han -
gi bir eg zer siz prog ra mı uy gu la ma dı. An tren man prog ra mın dan ön ce ve son ra, tüm ka tı lım cı la rın vü cut
kom po zis yo nu, 10 ha re ket için 1 TM de ğer le ri, me kik ha re ke ti için 30 sn’de ki tek rar sa yı sı, ke mik ya pım
ve yı kım mar ker le ri, se rum os te o kal sin, ke mik al ka len fos fa taz be ta cros labs de ğer le ri, OPG ve sRANKL
se vi ye le ri öl çül dü. Ke mik mi ne ral yo ğun lu ğu ise du al energy X- ray ab sorb si yo met re yön te mi kul la nı la -
rak öl çül dü. BBuull  gguu  llaarr::  Di renç an tren ma nı YŞG ve DŞG’nin omur ga KMY’sin de (p< 0.05); YŞG’nin ise OC
dü zey le rin de (p< 0.05) ar tış la ra ne den ol du. YŞG ve KG’nin omur ga KMY’le ri nin % de ği şim le ri ara sın da
an lam lı bir fark lı lık sap tan dı (p< 0.01). sRANKL se vi ye le ri her üç grup için is ta tis tik sel ola rak an lam lı de -
re ce de azal dı. Kuv vet pa ra met re le ri, her iki eg zer siz gru bun da p<0.001 dü ze yin de, YŞG le hi ne an lam lı
ola rak art tı. SSoo  nnuuçç::  Yük sek şid det te di renç an tren man la rı kas gü cü nü art tır ma da, frak tür ler den ve os te o -
po roz dan ko run ma da da ha et ki li ola bi lir. Tüm grup lar da OPG ’de an lam lı de ği şik lik ol ma ma sı ve sRANKL
dü zey le ri nin an lam lı azal ma sı na bağ lı ola rak do la şım da ki OPG ve sRANKL dü zey le ri nin öl çü mü di renç
an tren man la rın dan son ra KMY ve ke mik dön gü sü nü be lir le me de çok ya rar lı de ğil gi bi gö rün mek te dir. Bu
ne den le, bu pa ra met re ler, KMY öl çüm le ri ve ke mik dön gü sü mar ker le ri ile bir lik te özel lik le ke mik mik -
ro çev re le rin de di rekt ola rak be lir len me li dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Os te o po roz, post me no po zal; RANK li gan dı; os te op ro te ge rin  

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001100;;3300((11))::112233--3344

Serkan KARAARSLAN,a

Gürbüz BÜYÜKYAZI, MD,b

Fatma TANELİ, MD,c

Cevval ULMAN, MD,c

Canan TİKİZ, MD,d

Gül GÜMÜŞER, MD,e

Pınar ŞAHAN,b

Departments of 
aRadiology,
cBiochemistry,
dPhysiotherapy,
eNuclear Medicine,
Celal Bayar University, 
Faculty of Medicine, 
bCelal Bayar University, 
School of Physical Education and Sports,
Manisa

Ge liş Ta ri hi/Re ce i ved: 08.09.2008 
Ka bul Ta ri hi/Ac cep ted: 07.06.2009

Ya zış ma Ad re si/Cor res pon den ce:
Gürbüz BÜYÜKYAZI, MD
Celal Bayar University, 
School of Physical Education and Sports,
Manisa,
TÜRKİYE/TURKEY
gurbuzbuyukyazi@gmail.com     

Cop yright © 2010 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



s te o po ro sis is a se ri o us prob lem cha rac te -
ri zed by a re duc ti on in the amo unt of 
bo ne mass. The re are stu di es re por ting

that re sis tan ce tra i ning both in cre a ses bo ne mass1-

3 and pre vents age-re la ted dec li nes in bo ne mi ne ral
den sity (BMD) in no nes tro gen rep la ced post me no -
pa u sal wo men.4 Alt ho ugh op ti mum tra i ning stra -
te gi es are still be ing dis cus sed, pe op le think that
tra i ning sho uld be po pu la ti on spe ci fic. Un ders tan -
ding the in te rac ti on bet we en exer ci se and bo ne
tur no ver and bo ne for ma ti on is im por tant to de ve -
lop an ef fec ti ve exer ci se prog ram for po pu la ti on-
spe ci fic gro ups such as post me no pa su al wo men. 

Mar kers of bo ne tur no ver are use ful in di ces of
me ta bo lic chan ges in bo ne. Os te o cal cin (OC) is ge -
ne rally con si de red to ca u se os te ob las tic ac ti vity,5

whi le β-Cross Laps (CTx), is an im por tant bo ne re-
sorp ti on mar ker. Al ka li ne phosp ha ta se (ALP) is es-
sen ti al for mi ne ra li za ti on.6 Thus, bi oc he mi cal
mar kers of bo ne me ta bo lism ha ve be en used for so -
me ti me now, par ti cu larly in cli ni cal stu di es to eva -
lu a te bo ne me ta bo lism in ske le tal di se a ses.7-11

Stu di es of the physi o lo gi cal res pon se of the se mar -
kers in he althy sub jects du ring exer ci se ha ve be en
li mi ted, and the exis ting stu di es ha ve con tra dic tory
re sults. Ha to ri et al de ter mi ned that BMD in cre a ses
wit ho ut a chan ge in OC le vels with high-in ten sity
wal king prog rams;12 Mil li ken et al fo und a trend
to wards in cre ment in OC with exer ci se;13 and Et -
he ring ton et al de ter mi ned re duc ti ons in OC and
ALP with we ight-be a ring exer ci se.14 CTx le vels
we re fo und to be re la ted to in cre a sed os te o po ro sis
and ac cep ted as de ter mi nants of fu tu re frac tu re
risks.15,16 The re cent dis co very of the os te op ro te ge -
rin (OPG)-TNF-α-re cep tor an ta go nist li gand
(RANKL) system pro vi des furt her in sight in to the
re gu la ti on of the equ i lib ri um bet we en os te ab lasts
and os te oc lasts.17-21 Re cep tor ac ti va tor of nuc le ar
fac tor kap pa β (RANK) in du ces the dif fe ren ti a ti on
of os te oc lasts, en han ces the ac ti vity of ma tu re os te -
oc lasts, and in hi bits os te oc last apop to sis by bin ding
to its func ti o nal re cep tor, RANK, which is ex pres -
sed on os te oc lasts or the ir pro ge ni tors. OPG acts as
a de coy re cep tor for RANK and blocks the in te rac -
ti on bet we en RANKL and RANK, and thus in hi bits
the os te oc las to ge nic ac ti on of RANKL. Se ve ral stu -

di es ha ve be en de sig ned to as sess the im por tan ce
of OPG to the ske le ton in hu man po pu la ti ons. Ho -
we ver, the re sults of the se epi de mi o logy stu di es ha -
ve be en conf lic ting. In one study, wo men ha ving
os te o po ro sis we re shown to ha ve hig her cir cu la ting
le vels of OPG than con trols;22 in anot her study, no
dif fe ren ce was de tec ted.23 When OPG is ad mi nis -
te red as a the ra pe u tic agent, it re sults in re duc ti on
in the bo ne tur no ver sta te, but not eno ugh is
known abo ut its long-term ef fect on the bo ne den-
sity.24 The re la ti ve ex pres si on of OPG and RANKL
is a cri ti cal fac tor in the re gu la ti on of os te oc last ac-
ti vity and in the per pe tu a ti on of the re mo de ling
cycle in the bo ne. Thus, to de ter mi ne the net ef-
fect of this OPG-RANKL system on bo ne, the
sRANKL/OPG ra ti o sho uld be eva lu a ted. Ho we ver,
the exis ting stu di es are ge ne rally on OPG, and the
study aut hors tri ed to de ter mi ne the cor re la ti ons
bet we en se rum OPG le vels and BMD as well as bo -
ne tur no ver mar kers.22,25-28 Kim et al re por ted that
the dec re a se in the sRANKL/OPG ra ti o ob ser ved
af ter es tro gen pla ce ment the rapy (EPT) was not re-
la ted to chan ges in bo ne mass and bo ne tur no ver
mar kers.29 Similarly, Li u et al de mons tra ted no as-
so ci a ti on bet we en BMD and se rum sRANKL or
sRANKL/OPG ra ti os, but they fo und an in ver se
cor re la ti on bet we en se rum OC and se rum sRANKL
and sRANKL/OPG ra ti os.30

The la test sci en ti fic ad van ces ha ve enab led us
to de tect cir cu la ting OPG and RANKL in pe rip he -
ral blo od; ho we ver, it is still not cer ta in whet her
cir cu la ting OPG and RANKL ref lect chan ges in bo -
ne me ta bo lism as a re sult of physi cal ac ti vity sin ce
the re are very few stu di es with conf lic ting re sults
in di ca ting the cor re la ti on bet we en the physi cal ac-
ti vity and the OPG/sRANKL system,16,31 however
the re are no stu di es exa mi ning the ef fects of re sis -
tan ce tra i ning for 12 we eks on OPG/sRANKL sys-
tem, with the ot her bo ne tur no ver mar kers and
BMD of so me cer ta in si tes in post me no pa u sal wo -
men. The re fo re, the aim of the pre sent study was to
il lu mi na te the chan ges in sRANKL and OPG-se rum
le vels, as well as the ot her bo ne tur no ver mar kers
and BMD of so me cer ta in si tes in post me no pa u sal
wo men fol lo wing a 12-we ek high- ver sus low-in -
ten sity re sis tan ce tra i ning.
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MA TE RI AL AND MET HODS
SUB JECT SE LEC TI ON

Forty post me no pa u sal wo men bet we en the ages of
45 and 60 ye ars, not ha ving men ses for at le ast one
ye ar, par ti ci pa ted in this study. The wo men who
we re rec ru i ted thro ugh mass ma i lings of rec ru it -
ment flyers we re not ran do mi zed. To ma in ta in
comp li an ce, sub jects we re al lo wed to cho o se eit her
exer ci se or con trol gro ups to jo in. Exer ci se gro ups
we re as sig ned as the high-in ten sity gro up [HIG; n=
14; age (me di an (25%-75% per cen ti les)= 49.00
(46.75-52.25 ye ars)] and the low-in ten sity gro up
[LIG; n= 13; age (me di an (25%-75% per cen ti les)=
49.00 (49.00-52.50 ye ars)]. The con trol gro up (CG)
con sis ted of 13 wo men who did not fol low any ex-
er ci se re gi men [age (me di an (25%-75% per cen ti -
les)= 50.00 (48.50-52.50 ye ars)]. Ba se li ne physi cal
cha rac te ris tics [me di an (25%-75% per cen ti les)] of
the exer ci se and con trol gro ups are gi ven in Tab le
1. Ba se li ne va ri ab les did not dif fer sta tis ti cally
among the thre e gro ups. 

All in for ma ti on abo ut the sub jects was col-
lected vi a qu es ti on na i res. The sub jects we re exa -
mi ned tho ro ughly be fo re the ini ti a ti on of the
study. Sub jects we re exc lu ded if they had di a be tes
mel li tus, hyperth yro i dism, pi tu i tary di se a se, chro -
nic li ver di se a se or chro nic re nal di se a se; had a 
his tory of a mus cu los ke le tal con di ti on such as mus-

cu lar dystrophy or rhe u ma to id art hri tis, a his tory
of bo ne frac tu res, or con di ti ons that con tra in di ca -
ted exer ci se tra i ning; we re ta king pills known to
af fect bo ne mi ne ral me ta bo lism such as bisp hosp -
ho na te, cal ci to nin, di u re tics, vi ta min D, or cal ci um
supp le ments. Par ti ci pants we re ex pec ted not to ha -
ve be en en ga ged in any re sis tan ce tra i ning prog ram
du ring the past 12 months. No ne of the par ti ci pants
we re os te o po ro tic con si de ring World He alth Or-
ga ni za ti on cri te ri a.32 Be ca u se of the se strict con di -
ti ons, only a li mi ted num ber of par ti ci pants we re
en rol led in the study. Af ter be ing in for med of the
pur po se and the risks as so ci a ted with the study,
con sent was gi ven by all sub jects. If a po ten ti al par-
ti ci pant met the abo ve-men ti o ned cri te ri a, they
we re sche du led for a la bo ra tory scre e ning. In the
la bo ra tory, the elec tro car di og raphy and body com-
po si ti ons of the par ti ci pants we re me a su red and
the ir blo od pres su res we re ta ken. 

Be fo re star ting the prog ram, all par ti ci pants
we re re qu i red to fill out the sec ti on re la ted to the
ea ting ha bits of “The He alth-Pro fi le Li fest yle Pro-
fi le,” de ve lo ped by Wak ler et al. 33 It was sta tis ti -
cally analy zed and no sig ni fi cant dif fe ren ces among
the gro ups in terms of the ir ea ting ha bits we re fo -
und. They we re told not to chan ge the ir di e tary ha -
bits thro ug ho ut the study pe ri od. Ho we ver, in
or der to equ a li ze the ir cal ci um in ta ke, a cal ci um
in ta ke of 1350 mg per day was as sig ned to all par-
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Variable HIG (n= 14) LIG  (n= 13) CG  (n= 13) P

Age (year) 49.00 49.00 50.00

(46.75-52.25) (49.00-52.50) (48.50-52.50) NS

Height (cm) 160.50 164.00 160.00

(155.00-166.75) (159.50-167.00) (158.50-164.00) NS

Weight (kg) 77.35 78.40 81.20

(67.00-87.65) (69.75-84.80) (71.25-85.55) NS

BMI (kg/m2) 29.95 28.30 31.40

(25.97-32.67) (26.45-30.50) (29.15-33.35) NS

Body fat (%) 39.76 39.10 42.85

(33.86-43.91) (34.30-42.05) (38.49-45.60) NS

Lean body weight (kg) 45.70 48.00 45.60

(42.92-49.42) (44.15-49.30) (42.95-48.50) NS

TABLE 1: Baseline physical characteristics of the subjects.

HIG= High intensity group; LIG= Low intensity group; CG= Control group; BMI= Body Mass Index; Group comparisons were made using Kruskall-Wallis test; NS= No significant. 



ti ci pants. Ce lal Ba yar Uni ver sity Et hi cal Co un cil of
the Fa culty of Me di ci ne ap pro ved this study. This
study was con duc ted in ac cor dan ce with the prin-
cip les of Hel sin ki Dec la ra ti on. 

EX PE RI MEN TAL DE SIGN

Be fo re the ex pe ri ment, all sub jects we re fa mi li a ri -
zed with the la bo ra tory en vi ron ment and the ex pe -
ri men tal pro ce du res. The one re pe ti ti on ma xi mum
(1-RM) was as ses sed at ba se li ne, at the end of the
sixth we ek to ad just the exer ci se in ten sity for
strength ga ins thro ug ho ut the tra i ning prog ram,
and at the end of the tra i ning prog ram to me a su re
the strength out co mes du e to the tra i ning prog ram.
Exer ci se gro ups per for med re sis tan ce tra i ning for
12 we eks, four days per we ek. Con trol gro up mem-
bers ma in ta i ned the ir da ily ro u ti ne thro ug ho ut the
study pe ri od, but they did not per form any type of
exer ci se. Sub jects had no al co hol or caf fe i ne for 24
ho urs be fo re the tests, which we re per for med at le -
ast thre e ho urs af ter a me al. In ad di ti on, the sub-
jects we re not tes ted wit hin 48 ho urs of the
pre vi o us tra i ning ses si on. All tes ting and tra i ning
to ok pla ce at the sa me ti me of the day to con trol the
cir ca di an va ri a ti on in per for man ce. Sub jects sho -
wed 90% comp li an ce with exer ci se tra i ning. Bo ne
mi ne ral me ta bo lism and body com po si ti on we re as-
ses sed at ba se li ne and at we ek 12 of the study. 

RE SIS TAN CE TRA I NING PRO TO COL

Ap prop ri a te pe ri o di za ti on is es sen ti al to supply ap-
prop ri a te mus cu lar de ve lop ment and to pre vent in-
ju ri es, thus, the re sho uld be re sis tan ce (amo unt of
we ight used) va ri a ti ons and the lo ads sho uld gra d-
u ally be in cre a sed. Sub jects per for med each of the
fol lo wing exer ci ses: Chest press, lat-pull-down,
sho ul der press, tri ceps press down, leg ex ten si on-
right/left, leg curl, calf ra i se, ab duc ti on, ad duc ti on,
and squ at. They per for med two sets of the se exer -
ci ses thro ug ho ut the prog ram. Calf ra i se was rep la -
ced by squ at exer ci se in the se cond six we eks. Rest
bet we en sets was 1.5-2 mi nu tes for low intensity
group (LIG); 3 mi nu tes for high intensity group
(HIG). For the first six we eks, each set con sis ted of
10 re pe ti ti ons for the HIG and 17 re pe ti ti ons for
the LIG. For the se cond six we eks, HIG per for med
eight re pe ti ti ons; LIG per for med 13 re pe ti ti ons.

Each ses si on las ted ap pro xi ma tely 50 mi nu tes. Tra -
i ning logs we re kept for each ses si on to mo ni tor the
prog ress of each par ti ci pant and to ad just the re sis -
tan ce lo ads. To exa mi ne the ef fects of tra i ning in-
ten sity on the out co me va ri ab les and cri te ri on
me a su res, the LIG tra i ned at 40% for the first six
we eks and at 50% of the ir 1RM for the se cond six
we eks, whe re as the HIG used lo ads cor res pon ding
to 70% for the first six we eks and 80% of the ir 1RM
for the se cond six we eks. This re gi men was cho sen
be ca u se 80% of 1RM for eight re pe ti ti ons is com-
monly used in stu di es performed in ol der adults
and cor res ponds to the lo wer re pe ti ti on li mit of the
Ame ri can Col le ge of Sports Me di ci ne (ACSM) re c-
om men da ti ons.34 The in ten sity of 50% of 1RM for
13 re pe ti ti ons was cho sen for two re a sons: one, be-
ca u se it rep re sents the up per re pe ti ti on li mit of the
ACSM re com men da ti ons, and two, it ap pro xi ma -
tes the tra i ning vo lu me of the re gi men of 80% of
1RM for eight re pe ti ti ons. This al lo wed the gro ups
to per form at dif fe rent tra i ning in ten si ti es (de fi ned
by per cen ta ge of 1RM) whi le comp le ting com pa -
rab le vo lu mes of work. Exer ci se spe ci a lists mo ni -
to red the par ti ci pants in pa irs. Each sub ject
re ce i ved ap prop ri a te ins truc ti on con cer ning warm-
up and co ol-down tech ni qu es as well as how to
mo ni tor the in ten sity of the exer ci se.

BO NE MI NE RAL TURN-OVER MAR KERS AND 
BMD ME A SU RE MENTS

Ve no us blo od samp les we re col lec ted from an an-
te cu bi tal ve in (20 mL) from each sub ject in the sit-
ting po si ti on af ter a 20-mi nu te rest at ba se li ne and
at the end of we ek 12, bet we en 8.00-9.00 a.m. Se -
rum was se pa ra ted by cen tri fu ga ti on, and samp les
we re sto red at -80C° un til as says we re de ter mi ned
(wit hin one month) in all samp les. 

Se rum OC and β- Cross Laps we re as ses sed by
an elec troc he mi lu mi nes cen ce im mu no as say on
Roc he E170 im mu no as say analy zer (Roc he Di ag -
nos tics GmbH., Mann he im, Ger many). The in ter-
as say and in tra-as say co ef fi ci ent of va ri a ti on (CV)
for OC at le vel 4.0 ng/ml we re 7.0% and 4.8% res -
pec ti vely. In tra-as say CV for β- Cross Laps at le vel
390 pg/ml was 1.8%. Se rum bo ne al ka li ne phosp ha -
ta se (BAP) le vels we re me a su red using ELI SA met -
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hod (QU I DEL Cor po ra ti on, San Di a go, USA). The
in tra-as say and in ter-as say CV at le vel 35 U/L we re
3.9% and 7.6%, res pec ti vely. The lo wer li mit of de-
tec ti on for bo ne al ka li ne phosp ha ta se was 0.7 U/L.

Se rum con cen tra ti ons of OPG we re me a su red
using ELI SA met hod (Bi o Ven dor Re se arch and Di-
ag nos tic Pro ducts, Mod ri ce, Czech Re pub lic). The
in tra-as say CV at le vel 5.41 pmol/L and in ter-as say
CV at le vel 5.59 pmol/L for OPG as say we re 2.4%
and 4.2%, res pec ti vely. The lo wer li mit of de tec ti -
on for OPG was 0.4 pmol/L. Se rum con cen tra ti ons
of sRANKL we re me a su red using ELI SA met hod
(Bi o Ven dor Re se arch and Di ag nos tic Pro ducts,
Mod ri ce, Czech Re pub lic). The in tra-as say CV at
le vel 96 pmol/L and in ter-as say CV at le vel 88
pmol/L for sRANKL as say we re 7.9% and 8.3%, re-
s pec ti vely. The lo wer li mit of de tec ti on for
sRANKL was 10 pmol/L. 

Body com po si ti on was me a su red using bi o e -
lec tri cal im pe dan ce analy zer (Mo del TBF-300, Ta -
ni ta Corp., Tok yo, Ja pan). Body fat was ex pres sed as
per cen ta ge of body we ight. To tal and re gi o nal
BMD we re as ses sed non-in va si vely using du al-
energy x-ray ab sorp ti o metry (mo del DPX-L, Lu nar
Ra di a ti on Corp., Ma di son, WI).

STA TIS TI CAL ANALY SES

Sin ce a one-samp le Ko lo mo go rov-Smir nov test in-
di ca ted that the va ri ab les we re not nor mally dis tri -
bu ted, non pa ra met ric tests we re used and the

des crip ti ve sta tis tics we re gi ven as me di an (25%-
75% per cen ti les) va lu es. Krus kall-Wal lis test was
used to com pa re per cen ta ge chan ges among the
study gro ups. The Post-hoc Dunn’s test was used to
de ter mi ne the dif fe ren ce bet we en the two gro ups.
The dif fe ren ces bet we en pre-tra i ning and post-tra -
i ning va lu es we re de ter mi ned by using Wil co xon
Sig ned Ranks test. Bi va ri a te Spe ar man Cor re la ti on
co ef fi ci ent was app li ed bet we en the per cent chan -
ges in OPG-RANKL system and BMD; bet we en
OPG-RANKL and bo ne tur no ver mar kers; bet we -
en bo ne tur no ver mar kers and BMD; and bet we en
the per cent chan ges in strength me a su res and
OPG-RANKL, BMD, and bo ne tur no ver mar kers.
All com pa ri sons we re con si de red sta tis ti cally sig-
ni fi cant at p< 0.05. 

RE SULTS 
No sig ni fi cant dif fe ren ces we re ob ser ved in any of
the physi cal cha rac te ris tics in exer ci se gro ups after
12-we ek re sis tan ce tra i ning (Tab le 2).

We de tec ted a sig ni fi cant in cre a se in OC in
HIG (p< 0.05) and sig ni fi cant re duc ti ons in
sRANKL in HIG (p< 0.05), LIG, and CG (p< 0.001).
The chan ges de ter mi ned in sRANKL/OPG ra ti o
we re sig ni fi cantly dif fe rent in LIG and CG (p<
0.01); ho we ver, the re was not a sig ni fi cant dif fe -
ren ce in this ra ti o in the HIG. No ot her chan ges in
the ot her me a su red pa ra me ters we re de tec ted for
any gro up (Tab le 3). 
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HIG (n= 14) LIG (n= 13) CG (n= 13)

Variable Pre Post p Pre Post p Pre Post p

Weight  (kg) 77.35 79.30 NS 78.40 80.30 NS 81.20 81.10 NS

(67.00-87.65) (67.47-89.15) (69.75-84.80) (68.30-83.55) (71.25-85.55) (72.00-86.05)

Body fat (kg) 31.65 31.50 NS 28.70 31.60 NS 35.40 35.20 NS

(22.32-38.95) (23.87-41.12) (24.20-35.40) (24.85-34.70) (29.75-39.50) (30.05-40.05)

Lean body weight (kg) 45.70 47.55 NS 48.00 47.00 NS 45.60 44.50 NS

(42.92-49.42) (42.85-50.45) (44.15-49.30) (42.75-49.40) (42.95-48.50) (42.35-47.50)

Percent body fat (%) 39.76 40.85 NS 39.10 37.40 NS 42.85 44.00 NS

(33.86-43.91) (36.15-45.17) (34.30-42.05) (35.40-42.35) (38.49-45.60) (41.39-45.69)

BMI (kg.m-2) 29.95 29.50 NS 28.30 28.20 NS 31.40 31.80 NS

(25.97-32.67) (26.77-32.42) (26.45-30.50) (26.45-31.00) (29.15-33.35) (29.85-33.95)

TABLE 2: Changes in physical characteristics for the HIG, LIG and CG following 12 weeks of resistance training period.

HIG= High in ten sity gro up; LIG= Low in ten sity gro up; CG= Con trol gro up; BMI= Body Mass In dex; Wit hin-gro up com pa ri sons we re ma de using Wil co xon Sig ned Ranks test; 

NS= No sig ni fi cant; Krus kall-Wal lis test re ve a led no sig ni fi cant dif fe ren ces in the per cent chan ges of the va ri ab les among thre e gro ups. 



BMD da ta are pre sen ted in Tab le 4. Twel ve-
we ek of re sis tan ce tra i ning re sul ted in sig ni fi cant
in cre a ses at the spi ne re gi on in exer ci se gro ups (p<
0.05). In ad di ti on, the per cent chan ge ob ser ved at
the spi ne re gi on in the HIG was sig ni fi cantly dif fe -
rent from the one ob ser ved in CG (p< 0.01). We fo -
und no ot her sig ni fi cant BMD chan ges in any of
the si tes me a su red in any of the gro ups (Tab le 4). 

As Tab le 5 in di ca tes, 12-we ek re sis tan ce tra i -
ning re sul ted in fa vo rab le strength ga ins in exer ci -

se gro ups be ca u se sig ni fi cant in cre a ses we re de ter -
mi ned in all strength me a su res (p< 0.001). In ad di -
ti on, the per cent chan ges de ter mi ned in the HIG
in se a ted row and ad duc ti on (p< 0.05); leg ex ten si -
on, calf ri se, squ at, and to tal strength (p< 0.01) we -
re dif fe rent from tho se of the LIG. The per cent
chan ges fo und in the HIG in all strength me a su res
we re sig ni fi cantly dif fe rent from tho se of the CG
(p< 0.001; Tab le 6). The per cent chan ges ob ser ved
in the LIG in chest press, sho ul der press, tri ceps
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HIG (n= 14) LIG (n= 13) CG (n= 13)

Variable Pre Post p Pre Post p Pre Post p

OC (ng/ml) 4.01 4.54 <.05 5.83 5.76 NS 5.95 5.81 NS

(2.65-5.12) (3.57-7.08) (3.55-6.91) (5.06-8.58) (4.59-7.10) (3.89-7.75)

BAP (U/l) 26.06 25.41 NS 27.08 28.38 NS 29.63 28.62 NS

(20.31-29.21) (21.65-29.76) (21.48-33.24) (21.11-36.11) (22.67-40.35) (21.00-38.54)

CTx (pg/ml) 352.40 325.70 NS 489.30 449.40 NS 461.80 400.00 NS

(244.72-423.07) (244.05-473.77) (411.50-567.35) (366.45-531.90) (370.40-605.15) (308.40-537.60)

OPG (pmol/l) 6.31 6.90 NS 6.27 6.45 NS 5.31 5.31 NS

(5.31-7.37) (5.58-7.43) (5.01-8.21) (5.36-7.76) (4.48-7.12) (4.41-7.22)

sRANKL (pmol/l) 403.50 303.50 <.05 311.00 251.00 <.01 384.00 285.00 <.01

(224.75-467.75) (205.25-444.00) (203.00-570.50) (145.50-424.00) (291.00-489.50) (239.00-396.00)

sRANKL/OPG 0.06 0.04 <.05 0.05 0.04 <.05 0.08 0.05 <.05

(0.03-0.08) (0.03-0.06) (0.03-0.10) (0.02-0.07) (0.05-0.11) (0.04-0.09)

TABLE 3: Changes in bone turn-over markers for the HIG, LIG, and CG following 12 weeks of resistance training period.

HIG= High intensity group; LIG= Low intensity group; CG= Control group; Within-group comparisons were made using Wilcoxon Signed Rank test; NS= No significant; Kruskall-Wal-

lis test revealed no significant differences in the percent changes of the variables among three groups. 

HIG (n= 14) LIG (n= 13) CG (n= 13)

Region BMD (g.cm-2) Pre Post p Pre Post p Pre Post p

Arm 0.81 0.81 NS 0.81 0.81 NS 0.79 0.81 NS

(0.78-0.85) (0.78-0.83) (0.75-0.85) (0.75-0.84) (0.76-0.87) (0.75-0.86)

Spine 1.09 1.14 <.05 1.12 1.19 <.05 1.16 1.13 NS

(1.02-1.20) (1.04-1.23) (1.06-1.20) (1.04-1.24) (1.04-1.20) (1.01-1.23)

Femoral Neck 0.97 0.95 NS 0.94 0.94 NS 0.91 0.89 NS

(0.89-1.10) (0.89-1.08) (0.83-1.03) (0.82-1.00) (0.85-1.00) (0.85-1.01)

Ward’s triangle 0.76 0.79 NS 0.80 0.77 NS 0.73 0.74 NS

(0.71-0.92) (0.70-0.89) (0.69-0.87) (0.70-0.88) (0.69-0.85) (0.70-0.88)

Trochanter 0.79 0.79 NS 0.73 0.75 NS 0.76 0.76 NS

(0.69-0.90) (0.69-0.91) (0.68-0.85) (0.66-0.84) (0.69-0.82) (0.70-0.82)

Total hip 1.02 1.02 NS 0.95 0.95 NS 0.97 0.97 NS

(0.89-1.13) (0.91-1.14) (0.87-1.04) (0.87-1.04) (0.93-1.02) (0.94-1.03)

TABLE 4: Changes in BMD for the HIG, LIG, and CG following 12 weeks of resistance training period.

HIG= High intensity group; LIG= Low intensity group; CG= Control group; Within-group comparisons were made using Wilcoxon Signed Ranks test; Kruskall-Wallis and Dunn’s tests re-

vealed a significant difference between the percent change in HIG [6.59(-8.3-12.9)] versus the percent change in CG [-0.19(-6.5-9.2)] in the spine values (p< .01); NS= No significant.



press down, leg curl and ab duc ti on (p< 0.001); se a -
ted row, leg ex ten si on, calf ri se, ad duc ti on, squ at,
and to tal strength (p< 0.01) we re sig ni fi cantly dif-
fe rent from tho se of the CG.  

Bi va ri a te Spe ar man Cor re la ti on co ef fi ci ent
analy sis did not re ve al any sig ni fi cant cor re la ti ons
among pa ra me ters men ti o ned be fo re (da ta are not
shown). 

DIS CUS SI ON
The re sults of this study in di ca te that high-in ten -
sity re sis tan ce tra i ning may be ab le to off set the
age-re la ted dec li ne in bo ne mass and musc le
strength in post me no pa u sal wo men. Per haps, the
most im por tant fin ding is the im pro ve ment in spi -
ne BMD. HIG de mons tra ted an in cre a se of ap pro -
xi ma tely 5.5% BMD at the spi ne af ter 12 we eks of
high-in ten sity re sis tan ce tra i ning, which was sig ni -
fi cantly gre a ter than tho se of LIG and CG. The ot -
her im por tant fin ding is the im pro ve ment in OC, a

bo ne for ma ti on mar ker, in HIG. The re duc ti on ob-
ser ved in all gro ups in sRANKL is al so sig ni fi cant.
Musc le strength, an im por tant fac tor to ma xi mi ze
ba lan ce and mi ni mi ze the falls that may re sult in
bo ne frac tu res, has be en sig ni fi cantly im pro ved in
exer ci sing wo men in all me a su red si tes. 

BMD AND MUSC LE STRENGTH

Wolff’s law sta tes that stress or mec ha ni cal lo a ding
app li ed to the bo ne vi a the musc le and ten dons has
a di rect ef fect on bo ne for ma ti on and re mo de ling.35

Ac cor ding to Karl sson et al, this ef fect is si te-spe ci -
fic, ba sed on the hig her to tal body BMD and hig her
BMD in all si tes me a su red.36 The stu di es of ot her
re se arc hers al so sup port the the ory that the ef fects
of re sis tan ce tra i ning on bo ne are si te-spe ci fic.36-38

It has be en shown that ath le tes en ga ging in im pact
sports li ke vol ley ball and gymnas tics ha ve a gre a ter
BMD at a ma jo rity of ske le tal si tes39 when com pa -
red with ath le tes per for ming non we ight be a ring
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HIG (n= 14) LIG (n= 13) CG (n= 13)

Variable (kg) Pre Post p Pre Post p Pre Post p

Chest  press 26.25 39.55 <.001 27.50 38.00 <.001 27.50 28.00 NS

(25.00-33.00) (33.55-47.63) (25.00-31.50) (34.50-40.99) (25.00-33.00) (24.50-35.00)

Seated row 43.50 59.00 <.001 46.00 55.10 <.001 45.00 45.00 NS

(38.75-51.25) (53.20-67.62) (45.00-50.00) (51.10-59.00) (39.00-53.00) (38.75-52.50)

Shoulder press 20.00 30.87 <.001 24.00 28.50 <.001 22.00 21.00 NS

(17.00-25.00) (25.94-35.40) (17.75-25.00) (27.35-30.75) (17.75-25.00) (18.25-26.00)

Triceps  press down 17.00 23.75 <.001 17.50 21.50 <.001 17.00 18.00 NS

(17.00-17.62) (21.19-25.93) (16.60-18.88) (21.00-25.00) (17.00-17.75) (15.00-19.50)

Leg extension 42.00 57.50 <.001 42.50 51.20 <.001 42.00 40.00 NS

(34.50-42.00) (48.00-64.38) (36.25-48.75) (46.00-58.75) (34.00-42.00) (32.50-43.00)

Leg curl 27.50 36.00 <.001 30.00 35.00 <.001 27.50 28.00 NS

(25.00-31.38) (32.88-43.88) (27.75-31.25) (33.00-38.00) (25.00-31.75) (25.50-30.50)

Calf rise (first 6 wk) 64.00 107.50 <.001 70.00 95.00 <.001 65.00 65.00 NS

(57.25-69.00) (101.20-132.25) (66.00-87.50) (88.45-119.00) (60.50-76.50) (60.50-76.00)

Abduction 36.50 55.00 <.001 38.00 50.00 <.001 38.00 37.00 NS

(34.38-40.00) (47.88-60.63) (35.00-45.00) (45.00-57.50) (35.00-40.00) (35.00-42.50)

Adduction 45.00 63.00 <.001 45.00 57.50 <.001 45.00 47.00 NS

(40.00-50.00) (55.00-68.00) (43.25-53.75) (48.25-60.00) (40.00-50.00) (41.00-51.50)

Squat (second 6 wk) 70.00 101.50 <.001 75.00 88.00 <.001 70.00 72.00 NS

(65.00-82.25) (88.00-123.25) (74.50-76.50) (80.00-95.00) (65.00-84.50) (66.50-85.50)

Total strength 415.00 600.00 <.001 440.00 530.00 <.001 420.00 420.00 NS

(350.00-460.00) (517.50-660.00) (389.00-450.00) (500.00-545.00) (370.00-450.00) (375.00-445.00)

TABLE 5: Changes in the strength for the HIG, LIG, and CG following 12 weeks of resistance training period.

HIG= High intensity group; LIG= Low intensity group; CG= Control group; within-group comparisons were made using Wilcoxon Signed Ranks test; NS= No significant.



ac ti vi ti es such as swim ming.40 A study by Nel son
et al re ve a led that wo men in a two day per .we ek
re sis tan ce tra i ning prog ram ga i ned an ave ra ge of
1% in BMD of the fe mo ral neck and lum bar spi ne,
whe re as the con trol gro up lost 2.5% and 1.8% at
the se si tes, res pec ti vely.1 They al so sho wed that the
re sis tan ce tra i ned wo men had a 35-70% in cre a se in
strength, a 14% im pro ve ment in dyna mic ba lan ce,
and a 1.2-kg in cre a se in to tal body musc le mass, but
the con trol gro up sho wed dec li nes in all the se pa-
ra me ters. In anot her study, Vin cent and Bra ith de-
ter mi ned sig ni fi cant in cre a ses in fe mo ral neck
BMD in high-in ten sity re sis tan ce tra i ning gro up of
el derly pe op le.41 Pru itt et al exa mi ned the ef fects of
12 months of high- ver sus low-in ten sity re sis tan ce
exer ci ses on lum bar spi ne, fe mo ral neck, and
ward’s tri ang le BMD of el derly wo men.4 They fo -
und sig ni fi cant in cre a ses in strength me a su res, but
not in BMD.4 Si mi larly, Nic hols et al fo und no sig-
ni fi cant chan ges in BMD as a re sult of high-in ten -

sity re sis tan ce tra i ning.42 Wal la ce and Cum mings
in di ca ted in the ir re vi ew ar tic le that ran do mi zed
tri als cle arly show that exer ci se slows the ra te of
bo ne loss at the spi ne in post me no pa u sal wo men.43

Ran do mi zed stu di es al so pro vi de strong evi den ce
that exer ci se prog rams ha ve a po si ti ve ef fect on bo -
ne mass at the lum bar spi ne in pre me no pa u sal wo -
men. The ir re vi ew re ve a led that the re sults for the
fe mo ral neck are less cle ar cut. They fo und out that
the re sults are less ro bust than tho se for the lum bar
spi ne and the exis ting ones ha ve in con sis tency. An-
ot her me ta-analy sis by Bérard et al al so in di ca ted
that exer ci se was ef fec ti ve at the lum bar spi ne, but
not at the fe mo ral neck or fo re arm.44 Our fin dings
sup port the be ne fits of re sis tan ce tra i ning on the
spi ne BMD. Our re sults fa vor high-in ten sity re sis -
tan ce tra i ning du e to the 1.76% gre a ter in cre a se de-
ter mi ned in HIG than LIG. The gre a ter in cre a ses
in the spi ne BMD of exer ci se gro ups can be at tri -
bu tab le to the squ at, se a ted row, and partly re ver -
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Variable (kg) HIG (n= 14) LIG (n= 13) CG (n= 13) P

Chest  press %∆ 36.75 33.23 2.22 <.001

(30.00-47.19)d (20.71-45.80)d (-3.03-6.06)

Seated row %∆ 32.64 17.14 0.00 <.001

(19.09-46.00)a,d (10.66-25.00)c (-1.58-1.13)

Shoulder press %∆ 36.18 26.32 0.00 <.001

(29.78-60.86)d (13.41-47.82)d (0.00-6.11)

Triceps  press down %∆ 30.46 23.46 2.86 <.001

(21.08-48.49)d (20.28-41.43)d (-8.68-7.94)

Leg extension %∆ 51.25 20.00 -3.16 <.001

(36.67-66.67)b,d (13.71-22.61)c (-5.71-2.38)

Leg curl %∆ 22.94 17.86 0.00 <.001

(19.84-42.61)d (16.67-25.83)d (-2.72-2.92)

Calf rise (first 6 wk) %∆ 65.57 32.97 0.00 <.001

(56.11-96.28)b,d (20.81-48.46)c (-2.74-2.87)

Abduction %∆ 48.86 35.56 2.50 <.001

(36.56-65.77)d (20.32-44.29)d (0.00-5.71)

Adduction %∆ 41.42 19.05 2.00 <.001

(23.28-53.66)a,d (6.55-31.54)c (0.00-4.22)

Squat (second 6 wk) %∆ 42.26 17.33 1.12 <.001

(35.63-53.46)b,d (6.67-22.92)c (0.00-2.20)

Total strength %∆ 47.00 24.71 0.00 <.001

(42.39-52.17)b,d (18.87-29.68)c (0.00-2.40)

TABLE 4: Changes in BMD for the HIG, LIG, and CG following 12 weeks of resistance training period.

HIG= High intensity group; LIG= Low intensity group; CG= Control group; Group comparisons were made using Kruskall-Wallis and Dunn’s tests; NS= No significant; ap< 0.05 vs. LIG ; 
b p< 0.01 vs LIG.; c p< 0.01 vs CG; d p< 0.001 vs CG.



se sit-up exer ci ses. To ke ep the inc li na ti on of the
trunk seg ment cons tant, a for ce ne ces si ta ting back-
ward ro ta ti on of the trunk seg ment sho uld be app -
li ed. This for ce must be supp li ed by musc le
con trac ti on of the erec tor spi nal musc le gro up and
ab do mi nal musc les, and the con trac ti on may ca u -
se a lar ger com pres si ve stress in the trunk re gi on
du ring squ at exer ci ses. In ad di ti on, of the exer ci ses
per for med, se a ted row may ha ve cre a ted a si mi lar
ef fect as in squ at sin ce a gre at con trac ti on of mus-
c les are ne ces sary to ke ep the trunk seg ment stab -
le du ring the per for man ce of the exer ci ses. When
the musc les in that are a are mec ha ni cally lo a ded, a
res pon se oc curs in the bo nes at tac hed to the mus-
c les con trac ted du ring the se exer ci ses. The com bi -
na ti on of high mag ni tu de com pres si ve stress and
si te-spe ci fity play a vi tal ro le in in cre a sing the
BMD.12 Ca u sing so me im pro ve ments in the spi ne
BMD is of gre at im por tan ce sin ce this body part is
mo re inf lu en ced by the os te o po ro sis du e to me no -
pa u se. 

So me aut hors re por ted an in cre a se of BMD in
the troc han ter re gi on,45,46 be ca u se the musc le pull is
me di a ted thro ugh the for ce of the musc le con trac -
ti on at the si te of at tach ment of ten don to bo ne;
thus, bo ne may res pond lo cally to re al lo ca te the
for ces ge ne ra ted from the musc le at the si te lo a -
ding.47 They sta ted that the re a son of not fin ding
any in cre a ses in fe mo ral neck BMD may be the sa -
me mec ha nism sin ce no musc les are at tac hed to
that re gi on. Tsu zu ku et al fo und sig ni fi cant in cre -
a ses in the BMD of lum bar spi ne, pel vis, leg, and
who le body of the po wer lif ters.48 Gran hed et al al -
so fo und that BMC of the lum bar ver teb ra e in po -
wer lif ters was sig ni fi cantly hig her than the
con trols.49 The se stu di es sup port the ide a that lar -
ge mec ha ni cal lo a ding on bo ne is use ful for in cre -
a sing BMD, however the res pon se of bo ne to
mec ha ni cal lo ad is si te spe ci fic, and can not be ge -
ne ra li zed thro ug ho ut the ske le ton. Our study co -
uld not find any in cre a ses in the BMD of the
me a su red si tes apart from the spi ne, which may ha -
ve re sul ted from the exer ci se prog rams con duc ted
by our par ti ci pants. The du ra ti on of the tra i ning
prog ram (12 we eks) may not be long eno ugh to ob-
ta in sig ni fi cant in cre a ses in the ma jo rity of the si -

tes me a su red. The re fo re, our fin dings are in ac cor-
dance with Da vey et al who al so sug ges ted the ne -
ed of prog rams with lon ger du ra ti on to in cre a se
BMD.50

The re is litt le evi den ce re gar ding what in ten -
sity is ne ces sary to ac hi e ve sig ni fi cant im pro ve -
ments in mus cu lar strength in ol der adults. One
re cent study exa mi ned the ef fects of high-in ten sity
(80% of 1RM for se ven re pe ti ti ons) or low-in ten -
sity (40% of 1RM for 14 re pe ti ti ons) re sis tan ce tra -
i ning on strength, thigh cross-sec ti o nal are a, and
BMD.51 Af ter tra i ning three days per we ek for 52
we eks at one of the two in ten si ti es, the wo men
sho wed a me an in cre a se in strength of 59% and
41% for the high and the low gro ups, res pec ti vely.
Si mi larly, the re sults of this study in di ca te that
both tra i ning re gi mens used we re ef fec ti ve in in-
cre a sing mus cu lar strength. Our da ta are in ac cor-
dance with Brown et al., Fron te ra et al, and
Hag berg et al, who all re por ted in cre a sed strength
af ter re sis tan ce tra i ning in ol der adults.52-54 The re -
fo re, the re sults of our study are important sin ce
they in di ca te that re sis tan ce tra i ning in post me no -
pa u sal wo men, whet her con duc ted vi a 40-50% or
70-80% 1RM, can dec re a se the risk of os te o po ro sis
by si mul ta ne o usly inf lu en cing mul tip le risk fac tors
for os te o po ro tic frac tu res.

BO NE TUR NO VER MAR KERS

Bi oc he mi cal mar kers of bo ne me ta bo lism ha ve re-
cently be en used, par ti cu larly in cli ni cal stu di es,
to eva lu a te bo ne me ta bo lism in ske le tal di se a ses.7,8

OC and ALP are the mar kers for bo ne for ma ti on
and os te ob las tic ac ti vity.55 Ho we ver, at tempts to
eva lu a te the ef fect of exer ci se on ske le ton using
the se mar kers ha ve re ve a led conf lic ting re sults.
Et he ring ton et al fo und sig ni fi cant dec re a ses in
OC and ALP with 10-we ek we ight-be a ring exer -
ci se.14 Bro o ke-Wa vell et al fo und no sig ni fi cant
chan ges in OC as a re sult of 12-month brisk wal -
king in post-me no pa u sal wo men.56 Si mi larly,
Rud berg et al fo und no ob vi o us exer ci se-in du ced
chan ges of OC as a re sult of ne it her cycle er go -
me ter un til ex ha us ti on nor 30-40 mi nu te jog-
ging.57 On the ot her hand, Mil li ken et al fo und
that exer ci sers, who per for med both we ight-be a -
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ring ae ro bic tra i ning and re sis tan ce tra i ning, sho -
wed a trend to ward lar ger po si ti ve chan ges in
both bo ne for ma ti on and re sorp ti on over 12
months vs con trols.13 In our study, the sig ni fi cant
in cre a se in OC in HIG can be ac cep ted as a sign
of po si ti ve ef fects of high-in ten sity re sis tan ce tra -
i ning on bo ne for ma ti on. Our fin ding is in pa ral -
lel with ot her stu di es that fo und in cre a ses in OC
le vels as a re sult of strength tra i ning.13,41,58,59 Vin-
cent et al, Fu ji mu ra et al, and Men kes et al fo und
in cre a ses in ALP ac ti vi ti es of the ath le tes.41,58,59

Ho we ver, we co uld not ob ser ve any chan ges in
BAP ac ti vi ti es in any of our gro ups.

CTx, one of the most spe ci fic mar kers of bo ne
re sorp ti on, has not be en me a su red in many stu di -
es. The EPI DOS study has shown the re le van ce of
ele va ted CTx le vels in pre dic ting se ve re cli ni cal
events, such as hip frac tu res.15 Her mann and Her-
mann hypot he si zed that ele va ted CTx con cen tra ti -
ons co uld be used to iden tify ath le tes at risk of
os te o po ro sis and fu tu re frac tu res.16 Des pi te be ing
not sig ni fi cant, a 4% and 8% dec re a ses de ter mi ned
in HIG and LIG, res pec ti vely, in this pre sent study
might be the po si ti ve ef fect of re sis tan ce tra i ning
when com pa red to the 2% in cre a se in CG. 

OPG-RANKL

The OPG-RANKL system has re cently be en con si -
de red to play an im por tant ro le in bo ne re mo de ling.
Se ve ral stu di es has tri ed to re ve al its re la ti ons hip
bet we en bo ne tur no ver mar kers and BMD. Pre vi o -
us re se arch ha ve in di ca ted that BMD is po si ti vely60

or ne ga ti vely22 re la ted or not re la ted25-27,30,61 to se -
rum OPG le vels. Pa ti ents with low BMD at so me
cer ta in si tes ha ve de mons tra ted hig her OPG62 and
sRANKL le vels;63-65 or ne ga ti ve cor re la ti ons bet we -
en se rum OPG and RANKL le vels with BMD.66

The se ne ga ti ve cor re la ti ons enab led the re se arc hers
to pro po se a hypot he sis that sRANKL is in in ver se
re la ti ons hip with BMD, ref lec ting the ex tent of os-
te oc las to ge ne sis and OPG might be in cre a sed as the
com pen sa tory mec ha nism aga inst the ac ti vity of
RANKL, to re du ce bo ne re sorp ti on. 

In re cent ye ars, re se arc hers ha ve gi ven con si -
de rab le at ten ti on to the ef fect of physi cal ac ti vity
on OPG and sRANKL le vels. Herr mann and Herr -

mann fo und out no chan ge in OPG and sRANKL
le vels of ath le tes (cross-co untry ski ers and bi ath -
lon ath le tes) and con trols.16 The re we re no sig ni fi -
cant chan ges in sRANKL in post me no pa u sal
wo men who un der went six we eks of energy res -
tric ti on and ae ro bic exer ci se (wal king or jog ging at
60% VO2max).31 The exer ci se-bo und chan ges in our
study are con tro ver si al with the afo re men ti o ned
re se arch re sults sin ce we de tec ted sig ni fi cant re-
duc ti ons in sRANKL, but no sig ni fi cant chan ges in
OPG le vels in our exer ci se gro ups. RANKL is an es-
sen ti al fac tor for os te oc lasts’ ac ti vi ti es;17 the re fo re,
the sig ni fi cant re duc ti on ob ser ved in sRANKL le v-
els in HIG and LIG may be exp la i ned with the po s-
i ti ve ef fects of re sis tan ce tra i ning on bo ne
for ma ti on. The re fo re, con si de ring the high le vels
of sRANKL be ing re la ted to so me di se a ses,63-65 do -
ing exer ci ses ef fec ti ve in re du cing sRANKL le vels
may be pro tec ti ve aga inst the se di se a ses, and in di -
rectly aga inst bo ne loss or os te o po ro sis. Ho we ver,
the re duc ti on ob ser ved in our CG is so mew hat dif-
fi cult to exp la in.

To de ter mi ne the net ef fect of OPG-RANKL
system on bo ne, eva lu a ting the sRANKL/OPG ra ti -
o is vi tally im por tant. The re are con tro ver si al re-
sults re la ted to the ef fect of this ra ti o on BMD.
Hof ba u er et al de mons tra ted lo wer sRANKL/OPG
ra ti os in wo men ta king oral con tra cep ti ves.61 Kim
et al fo und no re la ti ons hip bet we en the re duc ti on
in the sRANKL/OPG ra ti o and bo ne mass and bo -
ne tur no ver mar kers.29 Ho we ver, Li u et al fo und an
in ver se cor re la ti on bet we en se rum OC and se rum
sRANKL and sRANKL/OPG ra ti os.30 In this pre sent
study, des pi te a sig ni fi cant re duc ti on in the per cen -
ta ge of sRANKL/OPG ra ti os in LIG and CG, we fo -
und that ne it her BMD at any ske le tal si te me a su red
nor bo ne turn-over mar kers cor re la ted with
sRANKL/OPG ra ti o. Sin ce we ob ser ved a sig ni fi -
cant re duc ti on in sRANKL in all gro ups and sig ni -
fi cant re duc ti ons in sRANKL/OPG ra ti os in LIG
and CG wit ho ut any sig ni fi cant chan ge in HIG, we
can in fer that this re duc ti on might not ha ve be en
af fec ted by the re sis tan ce tra i ning pro to col. The ca -
u se of this re duc ti on li es unans we red. Furt her stu -
di es with lar ger study co horts are ne ces si ta ted to
find a cle ar ans wer to that qu es ti on.    
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CONC LU SI ON
This study re ve als that a 12-we ek high-in ten sity re-
sis tan ce tra i ning prog ram is mo re use ful than a low-
in ten sity prog ram sin ce it re sul ted in mo re
fa vo rab le im pro ve ments in the spi ne BMD and OC
to get her with hig her strength ga ins. The re fo re,
such a prog ram is ad vi sab le to post me no pa u sal wo -
men du e to the se afo re men ti o ned be ne fits. A 12-
we ek re sis tan ce tra i ning of high or low in ten sity is
un li kely to ha ve ef fects on OPG. Be ca u se of no sig-
ni fi cant chan ge in OPG le vels and sig ni fi cant re duc-
ti ons in sRANKL le vels in all gro ups, me a su res of
cir cu la ting OPG and sRANKL le vels do not se em to
be cli ni cally use ful for pre dic ting BMD or bo ne tur -

no ver sta tus fol lo wing re sis tan ce tra i ning prog rams.
The re fo re, it wo uld be be ne fi ci al to as sess the le vels
of OPG and RANKL di rectly in the bo ne mic ro en -
vi ron ments to get her with the BMD me a su res, bo ne
tur no ver mar kers, and cir cu la ting OPG-sRANKL
le vels in post me no pa u sal wo men fol lo wing dif fe -
rent in ten sity re sis tan ce tra i ning prog rams.
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