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## 4575259230: MAJOR MEDICINE (ENDOCRINOLOGY AND METABOLISM)

KEYWORD: CALCIUM SUPPLEMENTATION/ PARATHYROID HORMONE LEVELS
SOMLAK CHUENGSAMARN: COMPARING THE EFFICACY OF SHORT TERM POST MEALS AND
BEDTIME CALCIUM SUPPLEMENTATION ON THE C-TERMINAL TELOPEPTIDE CROSSLINKS
AND PTH LEVELS IN POSTMENOPAUSAL OSTEOPENIC WOMEN. THESIS ADVISOR: ASSIT
PROF. SOMPONGSE SUWANWALAIKORN, M.D. 86 pp. ISBN 974-17-4406-4

Calcium supplement for postmenopausal osteopenic women can significantly reduce bone loss
and the risk of fractures. However, the optimal time for calcium supplementation remains controversy. The
aim of this study was to compare the effect of twice daily post meals and bedtime calcium supplementation
for two weeks period, on C- terminal telopeptide crosslinks and PTH levels in postmenopausal osteopenic

women.

A randomized double blind placebo-control, crossover design, was carried on 3 consecutive
periods of 2-week treatment regimen. The first period, subject randomly received either two calcium
carbonate tablets (Chalk Cap® 835 mg= elemental calcium 334 mg per tab) or placebo at bedtime with
one tablet of calcium tablet or placebo after breakfast and dinner for two weeks. The second period,
subjects received only placebo tablets after the meals and bedtime for 2 weeks. The third period subject
received either calcium carbonate or placebo for another two weeks. The C- terminal telopeptide crosslinks
were measured at the end of each period and serum PTH were sampling at 1 hr after breakfast and dinner
and at time 22.00 PM, 24.00 PM, 2.00A M, 4.00 AM and 6.00 AM respectively by the end of each study
period. The study was showed thirty-six postmenopausal subject (mean age 63.9+3.66 years) participated

in this study. The means T-score BMD of the spine and hip were -2.96+0.87 and -2.86+0.77 gm/cmZ.

C - terminal telopeptide crosslinks levels of the bed time supplementation was significant lower
than the post meal supplementation (0.228 +0.002vs:0.313 +/0.003, p<0.001). The mean night time serum
PTH level during the bedtime was significant lower than the post meal period. (25.173+ 2.31 vs 31.930+

2.677). No differences.in the post meal PTH level between two periods were observed.

The bedtime calcium supplementation appeared to reduce the bone resorption marker and night
time serum PTH level greater than the post meal calcium supplementation in this short term period study.

However, long term comparison may be needed.

Department ............ MEDICINE.............. Student’s SigNature. ... ..o
Field of study .......... MEDICINE.............. AdVISOr's SIgNatUre. ... .o.iviiiie e

Academic Year........... 2003, . Co- advisor's Signature.......oooveiiii e
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BMD
BMU
CTx
Dexa
NTx

PTH
TRAP
U-T-Pyd
U-T-Dpd
U-F-Dpd

Bone mineral density

Bone remodeling units

C - telopeptide fragments of type 1 collagen
Dual-energy X-ray absorptionmetry
Cross-linked N-telopeptide of type 1 collagen
Parathyroid hormone

Enzyme tartrate resistant acid phosphatase
Urinary total pyridinoline

Urinary total deoxypyridinoline

Urinary free deoxypyridinoline
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ANSNUFUINgINUAMENsUSUILREUNSEAN, NMIzaNNgU

ludaunalszanau wasmsauasnnagenilasnunnsnssanngu

n1sdsuidasunszan (Bone remodeling)
A1 (Introduction)

Growth 194nszanuMoAN ¥i3e d8§1 YHIBDS  NNFARIUALIIARINLLLENRT89NTEAN
(longitudinal growth) #iALea9aINAIT proliferation 184 cartilage tissues 134304 growth plates
fla18289 long bone  MINNAPLENLNA calcification 484 cartilage WAt

Bone modeling il process N siiinlaaugilinvaasnseanlyl  iveneuauesie

o v 4 e - a e
physiologic kA mechanical influences NNATLE  NITANATNITONAZNINAAN UID dFuidasuuun
gassuesinelinalnnis remove bone lumumidslaifiasnns waz add bone Wl lunnumian
FR9N1T ENfnet1e W ANTndNeeanead long bone WAANNNNT&319 new layers 284 bone 7
periosteal surface  lWatuzfiinAs remove bone luA1U89 endosteal surface 1sngnisnliias
winladmauludasdain uazazrearuan g Inmaillilaunsau  nns long bone @1m130
iunlasugisnliany stress inseyiniudiuls wiananetned “Wolff's law”

. A t PRy o = & o

Bone remodeling naLilu life long process ARIN1INHN1INAALLALIULLD bone NALNUAU
AABANAT  lAedinng remove bone N AR AR wAanii (bone resorption) 88N AINNN
faein1s replace bone ﬁ[ﬁ%mmﬁuq (bone formation) AYALANFN9AIN bone modeling BEj#
N7 remove WAL replace bone Tu remodeling process ArFRUNATURA ULMNAEI AN
luseiu microscopic A2 remodeling. L1 active. process 1’71Lﬁm%ﬁlunﬂqmz@ﬂmméwmﬂ

1 o ] v [ d' :I/ | =
FABALAT U6 TUZAL macroscopic #aa wuvuayliviunsaauudasle HeluwdiFunouie

o
sUiennszaniag

29a5n15USulaaunszan (Remodeling cycle)
. 3| ralldl P73 [~1 o o a
Bone remodeling tflutlsngnisainnelédniunmyuadinylunisedune nalnnisacunn
“d1an?zan” (bone mass) WAL pathophysiology IA9INNIINA osteoporosis wefiAen 1uﬂ?:@ﬂ
glunjaziinisaananszgn (bone resorption) WAz N13a31aNsEAN (bone formation) imTUAE]
naaaaal Wunisautuduin  dszanuiuedsaesidanees cells 4893790 A8 osteoclast

WAZ osteoblast AILFNAIINILAY TL3138NIINTUIN “Basic multicellular unit” (BMU) 178



“Bone remodeling unit” (BRU) N19AA bone remodeling Lﬂuﬂmﬂ{]m?aﬁlﬁmﬁuﬁﬁuﬁq

(surface phenomenon) Imelid cancellous %78 trabecular bone aziAAlWN trabecular surface
daulu cortical bone axifiniuanne’ly Haversian system  @sdanszgninanidlunaninfiazi

(%

A ~ | . A =P Py \ o ,
cells A31E381n91 bone lining cells UnAguag) mﬂi:@ﬂuiwmwﬂimﬂ 'aq‘lu TLEITNN (resting

v
surface) ¥92 Quiescent phase  bone remodeling azfdunaunisvinendy 4 sz Bag

o o a o

FINAALAI ATuandlnIng 1 diagram WARNITEZFNNT 289 remodeling cycle

CEE ’

L] [ 1

1

TS L
[ B Unilles

wl e N N N

=

L ]

AMAN 1 A Normal bone remodeling cycle



FNFWANN Activation phase a¥ln13 recruit mononuclear osteoclast a7n circulation
o o | dl a . = dl a ds{ dl . o
HUIENANLLUUINAZINANNT remodeling unsidasultaaiinaun quiescent surface Iﬂ?;l bone lining
cells azuaNaanaINiwie expose vi3aiTlannalsf multinucleated osteoclast MiAaNN1T fusion
293 mononuclear precursor cells &1L alilinizdinfuiinaeaiiianszan (mineralization bone)
= = | P | % o " L e
osteoclast a1l azgiainizatamiaauuy  Iagld membrane receptor NLTENIN integrin AaUNU
] . d‘d U . . o v a 1 1 4'
AMULBY  bone matrix YNEN31  RGD-containing  proteins M N ATe99I19TeNaanNan
extracellular space 3817 2EN9LAAL1A FENd7 “sealing zone” activation Winauldatgls
o‘zo =® a 49( :I/ al sil’ 3| rdl a tg ] = A [
meimumimqmmmmum\mu mwﬂmmmimmLﬂmu@m\ﬁmmuma (purposeful) viralilu

o

rall a d? o 1 Y o o dlil
wAN1TAAATRLULEN (random) e liasnsanaveslslidaiauluidaqiiu - wangunAuwy

a9

o

waqludastaastunil Ueldlunaefida preosteoblast ia osteoblast daaiflusiansfdnAmydalu
N7 activate osteoclast tne/ld surface protein f38N91 osteoclast differentiation factors (ODF)

D sreizdani199 bone

138 RANK ligand (receptor activator of nuclear factor kappa-B)
remodeling fing Resorption phase osteoclast # differentiated LﬁuﬁLL&JQ%GNm@’mﬂiz@lﬂ%wq
D ) o = B . ) o

ARl sealing zone TPEIN1IUAY proton %138 H ion WAL proteolytic enzymes #1747 Winldnnelu
sealing zone anwiifunsaatinaninnne’ly sealing zone  azdaalfifiannsaana mineral part
284 bone 880 d7U proteolytic enzymes Inalannzatingds cathepsin K *  agvinuiifdesdane
47U organic parti®4 bone 191 resorption phase AxAUgAR H evidence MUAANTN NAIRINT
multinucleated osteoclast Naz@@NAIN resorption lacuna U&3  Azdl mononuclear cells ﬁﬂﬂzjw
wiadundasaatenszgneaegndasuils @ deldnsuuidada mononuclear cells nguil 11a Ny
19 {@a311nazi1an bone marrow ¥ 1d9a0n resorption phase @5aAufaTmINNIsaE Reversal
phase resorption lacuna azgn filled-up mqel mononuclear cells  T4a1aaziili mononuclear cells
LANAINTEEIL resorption phase; osteocyte ﬁﬂ@mﬂﬂﬂ@’m bone kAT preosteoblast FaPARULIHN
4o A g A X B , 2
WNRLATEINNITVNIAZATINNTZAN T8 reversal phase UWNNANT N19NUILITY remodeling surface WU
o o a rdl = 1Y nl/ A % 1 1o 1
NNANATLINALURANITIUN reverse anmeuusnluanlidn dune N13439NTLHN lainsuuidndneyls
. v oy g | Ao o @ o
\lusn trigger Wiimanng “reverse @ WAlTeI182a s dNAN LIRS mﬂ@mﬂumwwﬂmﬁ
“osteoblast growth factors” gnilandaeseanuianiienszgnign osteoclast tiasaaell ans

)

wianilaua transforming growth factor 3 (TGF-[3) ® Lay insulin-liked growth factor Il (IGF-I1)

'
o

= 2 v A o P o4 X = '
GV RN PRSI growth factors Wa1ATUABY  osteoblast mwzﬁuuméusluwmummmwmﬂ
o .Q; . v -:II . sil’ = o [
RMUIUTBY osteoblast precursors Ngn recruit WXV remodeling surface HFunuduius
TremsaiudTnnouile bone ﬁgﬂ remove eanldiny osteoclast lutag resorption phase
wananuudeiinisdnsnaigalag Pleilchifter il 1998 @ #id1 concentration w89 TGF-B &

ANNANTUTITILNaE 1 EARUTL histomorphometric parameters 5747 2849 bone formation ua



flugzFl serum osteocalcin (OC) uwarbone-specific alkaline phosphatase (BSALP) el
Formation phase AREI stage Qm‘ﬁ’mmm bone remodeling  [TNAN osteoblast ﬁgﬂ recruit 141
o . L oA A ~ ! . = o
N14779 organic matrix ¥7aNLILTENIN osteoid Farlsznavlding collagen type |, non-collagen
proteins %uj 111 osteocalcin, osteopontin, bone sialoprotein Ay growth factors lii’N"] anvane
i organic bone matrix \WwaHAaNNAZIiA mineralization process AW uaznaieLiis normal
bone sxinFsialll osteoblast MMMENAT19 bone WATHLNNEIUAZYNABNIDUALE matrix NsTu
1% 5 o d' a . . 3 4” Y & o 1 1 1 aid 1 d' v &
ATWNAULAY - UAIRINNENA  mineralization muLL@ﬂﬂ’ﬂ:gﬂﬂNﬂ%ELWﬁ‘ﬂ\ﬂ’NVILﬁ??;lﬂ‘)’] lacuna TNNUNAY
= pRp ) pr o Al . o
nanaan il cell 78 cytoplasmic process ZuaanNITaL A9 LTUNIT osteocyte  UAIAN

formation phase L@%@wiaﬁ,lﬁqﬁuamq bone @zﬂﬁu@jﬁ‘:ﬂtﬁﬂ%ﬂﬂ%ﬂﬁ‘iﬂ Lﬁmmqmﬁ'%ﬁ%ﬁ
remodeling cycle v osteoblast m\‘lmu‘ﬁlL@?%ﬁﬂﬂﬂi@%ﬂqnazgﬂ%ﬂ@ﬂﬂLﬂu cells # inactive
wazinAguiaTesnsygn (Benda bone lining cells ilaee bone quuﬁgﬂm%’fm%uﬁlmingﬂﬁmdﬁ
“bone structural unit” (BSU) %I\‘iﬁ’l’lu trabecular bone 131813381031 “packet” 998 “trabecular

osteon” @21lu cortical bone 1394iF8N41 “cortical osteon” 1178 “haversian system” 14184

nanTild Fausd phase 1-4 uaianaildlunns complete remodeling sequence 'l
384 bone histomorphometry Fauandlunni 4 azGundn “Remodeling time” %38 “Remodeling
period” (RP) %th,l,‘]_i\i@ﬂﬂiﬁlﬂu “Resorption period” %198 “Erosion period” (EP) was “Formation
period” (FP) 11 cortical bone erosion period aznuaanlszannd 30 Ju Falugaananil gluaA
ﬂjmmﬁumquﬂrﬂm\iﬂ?:mm 150 pum ﬂ?@ﬁﬁﬂﬂd’l “cutting cone” ArniAlael osteoclast WAL
mononuclear cells Mﬁd@ﬁﬂ&u%ﬁ reversal phase ?ﬁlﬂﬁummg‘uﬂ WA 5 91 formation period fi
FuEEY uazasAuNaTeAY 90 1 MUY remodeling period & 43U cortical bone azldian
tszantw 100 4 43U cancellous bone azlda111Ne T erosion period azAwaaN
1323704 45 S W reversal phase 135810 7 53 waY formation period axiWnan 145 514 290140
remodeling period 14 cancellous bone asldinaniaAnLlsvanns 200 51 azldAamnaes bone

Tudnifagulszan 60 um
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THE CELLULAR BASIS OF BONE REMODELING 15

THICKNESS
jm

Tor
601
50+
10+
30
20|
10

DAYS 0 50 100 150 200
PHASE 1, 2 . 3, 4 5 8,
DAYS 7T 38 7 13 130

NWN 2 Graph UaAd step 5197 184 remodeling cycle W@ plot ANAN UL

(ﬁﬁmmnuﬁq%@ Bone histomorphometry: Eriksen EF, et al., Raven Press, 1994)

sannizeaife bone @4 remodel lumilamianiaan ﬂ@m%u@giﬁu AUIUIBY  active
remodeling sites FiRsTL  Tuudaes bone histomorphometry 13138197 8RTINNTNATES
remodeling sites 178 BRU ﬁdﬁ “activation frequency” (AF) AENEITNANRZITENGT “bone turnover
rate” ilfulfﬂ\‘i ﬁm%mmwﬁqﬁﬁ@ Lﬂummﬁlwm new remodeling unit ﬁgﬂ activated ﬁiﬂﬁﬁ\‘mmﬂ
198N activation frequency ‘ﬁﬁmwéﬁﬁmmmﬁi@ bone turmnover LazNTatLLA8d bone

mass ez lgnanqsall

nsUsuilasunszanuazn1saananszan (Bone remodeling and Bone lose)

“Reversible bone loss” un19ziianuauaed resorption cavities WiAMANNINTLEEN
gaa159 deNeaiunszanld azwudndaresiuazisinlidaevigui osteoclast AT Benanating
N9 INURI289 bone H remodeling activity MANTN8NNTY  WALHEIATN coupling process fiad
\NnTRLUUEU bone formation Ing osteoblast aziiam NN 2einelsfimIN N977 bone formation A
a o . = A v . o ! ) =
NARINNL bone resorption TelmetnAuan bone formation azl4Ia1111N31 bone resorption 03

1
al @

2-3 Wi Wefaz replaced bone TuFunafivinan Aenaziulun ngauine N13anas289 bone

%4
=S

co N = A ~ oA PN L ~
mass ﬂﬁ"]ﬂ{]ﬂqﬁ‘m@uuﬂﬂ@ AdNLTTENIT UNITINNTUUAY activation frequency %8 bone
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turnover rate WNNINT (high turnover stage) 1ed 1 cortical bone azidiu dsngnisad Al
ANBIUZABY NIANTALUD cortical porosity Y30 AMNNTUTBNNITANNINTY
“Irreversible bone loss” 1 cortical bone aiinannn1sA endosteal bone resorption
agnennung Tuaneh periosteal bone formation WaTulaandn  AduanslunIng 3 anviausias
, L 4 9 X o § v = ~ . A

haversian canal A2« diameter NNINUU Vl’]lﬁqmuﬂul,‘wz\l porosity #78 AITNWIULBN cortex u
cancellous bone irreversible bone loss LIUNAaaN negative balance (bone formation £i8nan
bone resorption) luFaL remodeling cycle 484 BRU T4a1aaziinainnish osteoclast MnAM

o é( 1 A a -=ll U dil 1 dl %
AeuNnIuluNIItiaEAaNENITAN 1TE B1ANAAINNAGT osteoblast aauiatadliaTniazai
nazga WIAWNAN  NafiAINNIAE  N1TUNNAYTEY trabecular bone 3@ “trabecular thinning”
viselififin “perforative resorption” Gei@adniinan N3 osteoclast @4a1e bone BENININAUNTY
Bnfunileaes trabecular plate visan3iiia resorption cavity MNABIANULAY trabecular plate

v o ¥ o % =K o 6o/ é’ a . = I .
NTANNULLAND ‘Vl’flwmqﬂ\‘mu ﬂ?ﬁﬂgﬂ’l?ﬂ;ﬂuuﬂﬂumm bone formation AMNNN L38/N31 uncoupling
nagavinafine negauidy trabecular WWld - waziAnnasTIAgasn s @eNsed LAY 289
trabecular network (3891 “loss of trabecular connectivity” fauamnaluning 3 %dﬂi’mgm?aiﬁ

= o ¥ 1 ai = 3 v I ZJ/
azilann1  bone strength anasaginsin Iagdl bone mass a1aazanaslilifeaaidniiaeyiniii
4w S oda _ . N Y _ . o
gaflunuae@aniEandn “bone quality concept TATRIINTIA anti resorption U NFAINANNITO

1gJmEl3 osteoclast MR arflesriunisdmiids trabecular connection wanills

, "..
c { Nt
-“nL_ [ >

A 3 Diagram WaAN Irreversible bone loss

(ﬂ’]mmﬂwﬁﬁﬂ Bone histomorphometry: Eriksen EF, et al., Raven Press, 1994)



12

ﬂﬁii’ﬂﬂﬁiﬂ$ULﬂ§;ﬂunian (Measurement of Bone Remodeling)

Bone remodeling i1 process 28ININNIUIEAL tissues %qrmmfmf;"ﬂvl,sﬂﬁmmdqm
wiHewiuNsinAIANAulalin - v3ans  xray Lﬁﬂmfmqm:@ﬂﬁﬂ N19MNUTBY  bone
remodeling system AagdNAAUTLTRY UsenaLA2N1TNIULAY cells AASANNINALNUABILLIL
A8 osteoclast iU bone resorption WAy osteoblast M1l bone formation %ﬂ%ﬂﬁ/ﬂﬁmﬁm? balance
ay coupling m@qmiﬁqmu@gjmmLqmﬁqﬁiﬁﬂ@mmLLﬁfJ Tunne practical wdaLs181983803

m99949m bone remodeling 14 2 33

1. Bone histomorphometry 3aHilunsnsaadn parameters pine] lusTsl cell uae tissue
4‘ ¥ o - d‘ o 1 o 1 d‘ d‘d G| A e .
F9lFu1a7nn199N bone biopsy NANNUS LRI mmﬂummgmﬂ@ iliac crest biopsy
| ' A o P = P v & ny = !
@QHIMELIL?WQZ@]V] cancellous bone LHuWuaN Lummnumﬂﬂ@wuﬂmwmu"l,mmm‘mmﬁ A
Y amy  a \ o v o . A A o Ao A
GW’JEIQﬁEI'ﬂNZQLLUUMN“] V]’]IML?"IZWN’WDQ@ primary parameters NTANAR NIRRT
nradm A lneATaann histological section 114 osteoblast number, osteoclast number, osteoid
surface, resorption surface, osteoid thickness «a Wl parameters wanil  danmnsada el
FlaY LATHNNIATUILANENAN secondary parameters  TNLNLIBNTN bone remodeling activity
16 v resorption period, formation period, activation frequency, bone formation rate (BFR) “@a*

vil1dfia

2. Biochemical markers of bone turnover M‘?ﬁ@ﬁnﬂﬁﬂm%u“] 91 “bone markers” Luns
§nunnu biochemical substance 1748911 serum %38 urine  F98N3NSOLNLANT activities 194
bone cells Tiagassmanld 11 osteoblastic activity 13NRIIATAIEALIBINNTAFN type | collagen
Tmm@mm;‘ﬁﬁumm N-terminal -propeptide laz C-terminal propeptide 1788199290 activity 183
specific enzymes / proteins ﬁ@%”mcﬁmﬂ osteoblast 1114 BSALP WAz osteocalcin (OC) A& 19naz
(Fansanfiudn “bone formation markers” @113 osteoclastic activity 1311azM393MAN specific
enzyme. 111 TRAP %38 47N collagen * type ‘| “breakdown products i pyridinoline,
deoxypyridinoline, N-telopeptide, C-telopeptide, cross lap “a4 s 13758097 “bone

resorption markers”
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NznseANWgU (Osteoporosis)

ANRINARMNLAZUWUIAR (Definition and Concept)
a1n consensus development conference Tl 1993 @ lennasfunvus definition 284
Osteoporosis 1447 “a systemic skeletal disorder characterized by low bone mass and
micorarchitectural deterioration of bone tissue, with a consequent increase of bone fragility and
- . 2 a P dyd o A
susceptibility to fracture” nLFIALATUILAINNINIY definition UNK’TLAT Bone mass 1178 UIA
= - 1 o X T A e S a
nIzan AR SR Va3t (quantity) URIUBNTSAN Tmﬁ‘wLu@ﬂ?:@ﬂuummﬂizﬂ@wﬂﬂm
Micorarchitectural deterioration %899 A ARG TATIdF19 (Meantinenssn) TTALRANA
Y A P - A oA . A g
1RINTZHN VLG]LLﬂﬂ']’j‘Vl trabecular network ummﬂmﬂumqqq wnunazsadaaiuiawy newluy
ANARUNE lWTsAuNIW- (quality) - Bone fragility A8 n3zgnilsnziune uaz susceptibility to
A dl 9:/ % P2 1 a
fracture ﬂ@mw}ﬂix@muuuﬂvlmwmﬁﬂﬂm
aziiiuléidn Osteoporosis HHAN17AAAIBINIZANTIS U 1F1N0W LAY AN B9 nas
W41 Osteoporosis Wil A9 (condition) ¥isa ANNARLUNR (disorder) NnndIRazdl
Tsae] wile  Imenannzd fracture Wl complication 289011958 WAL hypertension @9l
stroke i1 complication Wa¥ hypercholesterolemia GRE eIl myocardial ischemia SiY
, , A X —~ o= ) o A a
complication vmm%wnmwmimaﬂnmum:"Luumm?’lm @QMIWQJQ‘]J’JEI@&N’MWLiﬂLN'ﬂLﬂﬂ
L X e T B D3 Ho 0 | = o
complication TULAIWNTIY  INgIzaziiun1glE  definition u‘mﬂm?’]Lwl‘i_lul,mmma‘mm:wugmﬂ
1 d‘ a 2 KX o [ AII 2 = dl % 1 le, 1 d”
NAUNALLNA fracture I’LG]L’&EI 39 ANAT RnazAeadlFNN AT e iWuAaLeT ANzl
= . Y a 5 (% | 1 z | 2 = = ' | o
HAN1IE osteoporosis VmemuLme@”Lu memmﬂumnu@mwmia‘ WMHNBUBREINLTW N1TIA

seALU84 blood pressure lWnsel hypertension WAz N139m3=ALl serum LDL cholesterol lunseil

sl A

2849 hypercholesterolemia &13L osteoporosis fiAd7azidunsiRIZALLE9 bone mass T4RaN

ﬁﬂmlﬂuﬂwﬁuﬁamﬁm “Bone Mineral Density (BMD)” 1uia3

WHO ‘Ther Kanis wazpnie? I8l diagnostic criteria lunnsatiaselneld BMD ‘14 F9ld
A87eu BMD N9alAAL mean peak BMD 124 young healthy adult 1fusa1uauvinees standard

= I

deviation (S.D.) %138 381191 T-score Al

- 81 BMD #19alan1nanAn young adult mean (T-score) Jadifis — 1 S.D. 841 normall
- &1 BMD 79al#RAIn9AN young adult mean (T-score) 8nnnan -1 S.D. uflalifiu -2.5
A A . = \ a
S.D. n8311N19E “Osteopenia” Wﬁ"ﬂﬂﬁ’g@jﬂuq\‘lﬂqqﬂﬂm
- 81 BMD #9al@mA1nd1A1 young adult mean (T-score) N1NN41 2.5 S.D. fiad1lsA

“Osteoporosis” ¥i3aNIzANNIU
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o ' !

- &1 BMD 99alsmnanen young adult mean (T-score) ¥1nNQ1 -2.5 S.D. WAz fracture

'
=

Lﬁm%uﬁﬂ%@ﬂlmm:@ﬂﬂm fadflu “Severe Osteoporosis” %78 “Established Osteoporosis”
A397] wdon9dn BMD wiiendounilslunnsgoeifiadalsalinounazifin fractures ns

A39anL “low BMD” ladleisneinqnman “fractures” azdaanstwanalyl sudlwiieadiafuanisnig

a o . Ao X oA p o ad a o Aol
AIMNLALIN UT8 “risk” NEWNNUU LN@L‘]_G‘EIULV]EIUﬂUﬂuﬂﬂGW]TN@’]EIqLﬁﬁ’mu 4 average BMD ZQ’]L‘W‘!
Ao g ya A, A Y a o o \
anne  fractures visaduasnliing fractures €edanuanalsznng vl falls, postural
imbalance, underlining disease Waz aging factors ufu  at19lsfia ability 289 BMD Tunng

(10)

predict fractures 7 el standard wavassiasidn g ldgwmeianldndnnsldsesy

serum cholesterol Tun13 predict heart diseases 178 92AU blood pressure Tunsg predict stroke

Magnitude of problem

ﬁtym osteoporosis tq]ﬂﬁm‘flu disease 184 postmenopausal women LAY aging persons

£%
o

= b2 dJ dJ v a ¥ % o .

NNADILNA Nﬂ‘uﬂ’;‘tﬂﬂ&tb% AINVUNUBNE VLN RS 1/3 URNGTIE ANl ITauny osteoporosis
. e X a1 o o ~ Y 0y -

ﬂﬂuwm’]mmuu@mumgh Lum@’mﬁﬂuumﬂmmLﬁ?’mﬂ’;’mmfmmm\‘lmﬁ‘uwvmLL@:

X Y = p X " = a . X o =

ANBNTUATNINTU  HAUNBILUUEIIIUL  osteoporosis Aazidulsannuesauiuwininsa Tnad

a |

prevalence \ixTumnengly  saus 15%luduigetoseny 50-59 I Tde 70%ludneeneng
1NNI1 80 1
T UsA. Tainnstsennauiuldlutl 1995 " 478l postmenopausal womentia 16.8 &11A1
= . ] A= = ¥ ~
1178 54% 2849 American white women %18 low bone mass UazANLIzN10L 6.7 A1UAU 1178

20-30 % i osteoporosis

Osteoporotic fractures
all . [ = o Y ] . . d' Y a 29‘,
aMNN1591-Osteoporosis tAaaRatne Minlie luenansay incidence Nufiazeraeni1asil
wsiisrenaazszunnlalaald incidence 184 fracture unu - fracture’ MinTuluAWaIENINNGN
55-65 T Loz Ltz 3R trauma NIguUs- L1 A194NAINITALTEY standing height ¥3atiaaingd

anafialfdnuily “Osteoporotic fractures” ‘lWiannm Osteoporotic fractures MATWlANNNIzAN Wk

1
=

ﬁwuﬂfaﬂmm Aa distal radius, spine WAz hip fractures Tuussen Osteoporotic fractures wianil
hip fracture ludailoyunniign § cost gannlunisinm inlidAwiumnanlanis prevention
N13NA hip fracture NNNTU TnaNenenu prevention N17NA  Osteoporosis sﬁ\‘flmﬁ@mr] bone
mass 438 bone mineral density (BMD) n139m BMD {uAFnNuTiaiazuani3niy bone mass %78
Usnnsmeaiianszgn Tnaagann mineral content slautlamagiuiaednszgn Aumaeuds n19dn

v
BMD @nunsnusuanie strength 189 bone 64 80% 189MiaMaA  LAZN1TAAA9T8Y BMD &
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pNANTuIuAndaunduiy fractures  {nnslszanaulddn yne 1 S.D. And1 mean peak bone

mass 284 young healthy adult (30-40 years) aziin risk #ie fractures 1.5-2.5 i1 "™

Clinical characteristics

Rigg way Melton IenenenuwLia Involutional Osteoporosis w2 amanAe

Type 1 Y38 Postmenopausal Osteoporosis Iy classic form 17{ describe 13lag Albright
Faus 1948 sinazifinluguie uaziinnialu 15-20 I 43 menopause Anweue fractures aziinriu
bone ﬁﬁmuﬂizﬂﬂmjm cancellous bone 81N 114 crush fracture U234 vertebral body,
Colles’ fracture 284 distal radius

Type 2 vi7a Senile Osteoporosis Lﬁmié’%\ﬂuﬁmml,m@:mja Tnenannzludageany Faus
70 Thnle] &nwous fractures axinaili bone fidAGALT8Y cortical uas cancellous bone Un7
Tiufefin1sanastes bone eaasilszinnwer fiu fractures Awutian A hip fractures, vertebral

fracture, proximal humerus ka2 pelvic fractures

wengniarasnaznsean Wy (Pathophysiology of Osteoporosis)
Peak bone mass
nsznIedANazinIgRIFLln  wazdzaANNaanITgn  (bone mass)  BWAILANN
o p~ a T P ~ X
AUNILINTEANATH bone mass geanTUsvanigagany 20-30 1 131iFUNAE9EALES bone mass H
1 “peak bone mass” N134zaN bone mass HazwinlidaauNgalutaaaee adolescence AziNN1g
WNTULRY bone mass BENNIIAGY ANUARTUANA 4 Fan1sdAtyTigalunisnimunseALve]
peak bone mass Af genetic factors azinldaInANLANFATSTUBENeTALRUTRY peak bone
' dsl/ a S o . vl ¥ a A
mass MUAAZITATNR LazANNMNaUT U8 peak bone mass 11 twin  LHRNNINENENNAWINED
138N “osteoporosis gene” BasLIaINIUFINMUA peak bone mass TuuAazAw  Anng
NAADN gene MATEIFY KU vitamin D receptor-gene (VDR), IL-6 gene, type-1 collagen gene
(COL1A1), TGF-B.gene Waz estrogen receptor gene (ER gene) 44 GR polymorphism a4
gene WA correlation U bone mass lalannftee  wingslia unsnedingnasiia peak bone

o

mass waz N19im bone loss Tneld gene 1a gene nils lalutlaqiiu  vistenaiumenzdad

. = I . . A v
environmental factors anuaNetlade@mIAINIIN  modify HANTU genetic NNFB bone mass 1% v

nutrition , physical activity, hormone influence, sunlight exposure “a4 TeEl9AIFRINITNNIANE
mall
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High P N e Low

= N

Eﬁ
&3

1 Ealiliiahiel imiwopomain 1

] BipE] mim [mew |

AN 4 Graph wandn17 development 24ad “Peak bone mass”

(1n1anNuiade Orthopaedics basic science: Buckwalter JA, AAOS, 2™%ed., 2000)

Rate of bone loss
mwzﬁ"\mnﬁmié’mmum@m:@ﬂmwﬁq peak bone mass LAY FTALYBY bone mass
Az maintain agszaznile laglifinigaesily Nanlaqanilaludesent 35-45 U bone mass fiay
- d o o AN o . o X . .
Franas adnilaqunnnliiing bone loss NEWAIAIN peak bone mass a%%  Lu multifactorial
4 d oy . ~ ———— , 4 oo o
Feasazinendaaiunauasullasu19ae9NNATUAL  bone remodeling system  E9VINMLN
maintain bone mass factors Wa1ilfuA hormone deficiency, calcium and vitamin D deficiency ,
disused WAz low activity life style 394%4 aging factors uneegneisndalinsuuwddn walddnaz
naIname lafrIN: 181aEaNII0LLIuen Tate of bone loss: ANANANATYNI9AATN aanls
du 2 dszinn Aa Wan “slow loser” ¥i3a “low turnover” vi3a3ananadnauiledn “age-related
bone loss” - @4i@aq13aging factors iuanvndadny - Inedinisgoudesaansygnuuudi Gusiu
pausiang 3545 T nlivaludmeuasdudls uwsazauariananisgandansegnlaiviniiy s
dnazegludagilszinns 1-2% sietl 45U bone loss andszinnuilaazifianizlugudgaiodng
= = - = dl G a X = | a |
menopause ARAzHUsNN1TINNIGREENILANNIIAGINATU 81908 3-5% siell  191iFEnd
“fast loser” ¥7e “high turnover” vizaenaazizanduiu “postmenopausal bone loss” T9T891 N3

o o

110 estrogen luanwnddty dsngnisninisgaydansegniisniioll azasaglsznns 5-10 1

q

WAY menopause UANEMIINNIGIYRENIZANAZADE AAAY NALNIBET 1-2% pellludnemizaes

a 1 @ ¥ a <1 1| ] il/ = =2 '
age-related bone loss an @mﬂsnmﬂuwmqmmuﬂimLﬂumuuu AngAnEwLanlu



17

Y &

aging women U9AUaAsd rate of bone loss Qﬂﬂfgjﬁmﬁ% menopause N1UIY (>20ﬂ) AN
14 « i 4 | aa ' =
au 'Y nn9mInadn BMD fiqnlaqauililutdasdian Adlianansnuenisniie rate of bone loss & &4

a o . ] o o o
Naena s ua practical N9MNAANITIA bone turnover tne/ld bone markers 151L84

anuAnnArasnslsulasunszanluniig Osteoporosis
(Bone remodeling abnormality in Osteoporosis)

muﬁmﬁ%mﬁwﬁu bone remodeling cycle Glm’fufﬁ’mmi activation 284 resting
osteoblast U surface 184 bone (bone lining cells) LLas stromal cells 134 marrow %I\m:mum
Aot signal ﬁ@:zﬁ'dﬁiﬂiﬂmzrgjuwﬁmi recruit precursors 284 osteoclast  warn1INIHUlA
mature multinucleated osteoclast 917971 resorp bone L%’ﬂdm’muﬁ\‘l osteoclast resorp bone
WAa growth factors Fing°] ﬁ@gmﬂuuﬂfa bone ‘ﬁlgﬂﬂ’ﬂﬂ’&@’]ﬁ W TGF-B uaz IGF-I  azgn
Uanidatg microenvironment $21°] faaziaminiilunng recruit new osteoblast ana3iany
the uazBudua¥e new bone Lﬂuﬂafmgmmﬁ'mﬁm@'muﬁummL?ﬂndf] coupling  WATALE
ﬂ?mmmmLﬁ@ﬂi:@ﬂmuﬁmmme’a‘w‘lmiﬁLﬁwﬁuﬁ‘ﬁﬂdﬂ balance (iadnlu healthy adult 7
Unfiazil remodeling site 742 &1 remodeling site NAALARBAAY Erdunlliludaasnudn
Y4 984 cancellous bone ﬁﬁiu‘mmmmm%gﬂLﬂﬁﬂuﬁqmiz@niﬂmq U andludnqedidty
ﬁ@mmm%umum‘s remodeling Af N19 activation w89 bone remodeling WaN1? recruitment
184 osteoclast Seaziluduneuitlafenianldsuulasie systemic uaz local BYARBALIAT  1TU
NN9AA  estrogen deprivation , N13 response f@ endogenous PTH WAz local cytokines ﬁi’N"] ,
NN9% steroid excess, ?qm%dﬂﬁﬂﬂ?ilﬂuuﬂ@wm serum calcium pagl WAy Tu postmenopausal
osteoporosis N1911A hormone estrogen Dawlu trigger ‘71"5’1 ny "Lumma#zﬁuiﬁﬁm@ﬁmmmm
remodeling system Fnan wileui remodeling rate gn shift li¢ set point Wﬂiﬁl@i
NIWFN AU osteoclast ﬁummamzqmﬁumnfﬁu riugas “femodeling site Miipalu
ufi\iummmlﬁumﬂ%u F8N9131NNT increase activation frequency 138 increase bone turnover
faudd osteoblast axnaiNITANNALNTTAN W bone formation Safmaanuundnlilanananla
AN bone. resorption LAY meiaiﬁ%ﬂmnglﬁmLﬁuiuﬁnwmmmmmmwm bone mass

e nesnqalaqanily Astiiiluaauiailnfaed bone remodeling system lu postmenopausal

osteoporosis NWiLlidalan wanaINTULIWLIN osteoclast HAMNAAWANNINTY H life span 7

' (%
=3

Biuennlu (resorb bone Taaganguianty)  Dauwdl osteoblast axa514 bone TnafluifFanmuinmn
A @oy oA . = P He vy . 2 2 X a2 o=
LmNﬂEN»LNL‘WFN‘W@ (imbalance) mmmmmimmn erosion wedge TNANTUL @ﬂ%dﬂ?ﬁﬂ{]ﬂ’\?m%
(Funa1 trabecular perforation TaiAaNNI97 osteoclast M resorb bone @umz@iﬂaﬂﬁﬂuﬂﬁwm

trabecular plate %178 osteoclast #846aLANN resorb bone lusnusnssduiuy - inlinegiaiu
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“loss of trabecular connectivity” Haznn 19 bone strength anasatnannlaef BMD lddasanunn

Alg AeilfdluanuiinlnRaes bone remodeling il postmenopausal osteoporosis Wiufi

1
I

N9l antiresorptive agents lunstivea postmenopausal osteoporosis Watu remodeling %

@ o o

anifulfaafuisngnses 41130 slow age-related osteoporosis 7@ senile osteoporosis N&L
| A v Y . P ¥ a a '
aziflumilaunaNiuwing  remodeling activity azd1a9 UAzANHALNEYI89 bone remodeling
system HiTa4d191A7NFa osteoblast s lia1nnsn filed-up space MAAaN osteoclast tEna

. v PRy iR E . = o

(|mbalance) ﬂqﬁ"a?qﬂﬂ‘i:@ﬂmuﬂﬂﬂﬂulﬂjﬂqqLﬂﬁ@’]ﬂ aging 1eN Osteoblast ¥172N17AAUBLIAIURN
@ o 1 (K% ] =2 - . zd 4 ¥

stromal stem cells Agelans1Luddn wn1sANEA senile osteoporosis R il lunnenns |4

bone-forming agents visan19ld stem cells manipulation technique wWunan

NIENTEANWTUNAIUNALTEINABY (Post-Menopausal osteoporosis)
nmﬁﬁm%uuﬁwmumﬂmﬁqLﬁ@iﬂ,‘uém@q pufl describe 13lae Albright uaz
Reifenstein ¥ Tnesinifianiels 15-20 T wda menopause sinifinfudauilsznauans cancellous
bone 11 vertebral body, distal radius mmmﬁ'mmnm@mmmﬁmu estrogen tludARyNINNGA
Q1N senile osteoporosis mrﬁ‘l‘ describe 1agl Rigg LLag Melton 19 S udannng osteoporosis lu
2 LUy Ap Type 1 (post-menopausal osteoporosis) Waz Type 2 (senile osteoporosis) AN
Uniluglvey nszgnazl peak bone mass AINBIYENAALTTNIOL 28 T daniazAsT LAz
Fiat] AnAST8s bone mass dailuniazler Annllianansnd peak bone mass Wdmuing vas
AL s az@esiu osteoporosis 49 1y H1993atlszanneunn, Wuilesesuenlsameniung
Wi, HavniiadnAvesnisnuuazisnsiie Fafuaziulfdnnnaz osteoporosis iflunaann
wae fade Wiy multiple genetic , n1siAlNRYesERsluWINA , @annianne ansavns i lal

=
PNENNA

tfasaivuansiinTurasnszanludasinguaeiaglug

Tuduiannszgnazeases] drnuhzBinluae snAliumansnai Lﬁ@éuﬁﬂzjfs”ﬂaju ns
wanyALTaLas bone mineral density (BMD) m@qniz@muﬁu%u@ﬂwmm‘?fg ‘Lu;ﬁuajqwudﬁ%ﬁ
aeAlsznanaes bone mineral Uszanns 900 ft 2,200 grams fleny 9 waz 21 T mudnsy "
‘Lm”mju%wudﬂﬁmmmuLﬁu%uﬂum bone mass Usrannd 60% 289 peak bone mass m?l,ﬁls\l%u

294 bone mass luanmijeazEuilszanns 1 T wasaInd maximum height velocity Lazaziia

¥
IS A v 1o

geqnilazinns 95% Weany 17 U (lwdntne azdud 1 1 visedindntiu 2 U uazaziiugegaauds

o ]

21820 ) Huaneudngrunaivanudn genetic iluiladednftysianisaiinaes bone mass g lu

o

o o

) | ) 2= = \ A o o .
@LLBJ@W‘]_IQ’mmm’mV]@mVme 80% 4 genes MANHAHINNNUANMUANNUINLNITNIUUA bone size
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(growth hormone/IGF | — axis) WazaNnN polymorphism analysis ﬁdWUﬂQﬁNLﬁﬂﬁﬂﬂuwmﬂj

genes (steroids hormone receptors, type 1 collagen, P, aromatase complex) “anainiladanig

450

o aa

genetic wartalanuanetladaRlusan uum bone mass AakaAalUA139N 1 wasianuaieniay

o o

NRUAUSTLNNY osteopenia AILAAI LA 2

A9199 1 uassieiladeniuasdenisiinaesnaanszgnludosiesy

Genetic endowment (80% of variance in peak bone mass)
Primary genes related to linear growth and body size
Contribution from other gene polymorphisms
(VDR, ER, type | collagen, and others)

Environmental factors
Diet (particularly calcium in Western nation)

Habitual physical activity
Reproductive hormone adequacy
Exposures (alcohol, tobacco)

[liness, immobilization, medication

(1111AN Best Practice & research Clin Obst & Gyn 2002;16: 309-327)

AT 2 UAASDNANI9EINE TR LUNIIARAIIBIHIANIZAN

Anorexia nervosa

Ankylosing spondylitis

Childhood immobilization/therapeutic rest
Cystic fibrosis

Delayed puberty

Exercise-associated amenorrhoea
Intestinal inflammatory diseases

Coeliac disease

Renal disease

Marfan syndrome

Osteogenesis imperfecta

(1N:19N Best Practice & research Clin Obst & Gyn 2002;16: 309-327)
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msguasnenznssanwguludanuailssanaaunlzelasiunisenssgnngu
Hasanmazvdmetszdnien nazesnnsesefluuealnsiau uazn1sanades
uAaiTe fuasian1aznszgnngl tnaanwnzlugag 15 Yuan meldunaiiay uazAniiu i lumed
fitlasedueraniseneinnidu Huasianisilesiunisanasuasnnansegn uanamueaan N
aanszgn athlsfinnn mslduaa@ion vigdmiin A ethadeslumeTovualssanieniia
wenFanmaeInszAnnudn anallinesnalunistleaiunisineensegn uazudenis L4y
upaidEy ¥3eAnfiu 7 ukn AasLlssifiu BMD 7 2 T dafiniaiiuannndn 2% viteldl Suanasiia
BMD tiaeindn 2% aa3iin151e antiresorptive agents A 39ui wAALTEY WasAnnau A daugadli

AN947 3
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A19199 3 UAAIKNALEN antiresorptive agents 1HAFNS Tun1sannTsineeInszgn Teamileievun

Uszannounininznszgnngu

STUDY
Lindsay “®
Lufkin et al. 9

Storm et al.??

Watts et al. @
Libernan et al.®?

Black et al.®

Orimo et al.®*
Orimo et al.®

Gallagher and Goldgar®®
Heikinheimo et al.?”

Tilyard et al.®®

Chapuy et al.®
Dawson-Hughes et al.®®
Lips et al.®)

Reid et al.*?

Recker et al.*¥

Overgaard et al.®9
Rico et al.®
Mamelle et al.*®

Riggs et al.®"

Meunier et al.®®
Kleerekoper et al. ®%
Pak et al.“%

Lindsay et al.“")

TREATMENT
Mestranol
Estradiol (transdernal)

Cyclic etidronate

Ctclic etidronate
Alendronate

Alendronate

Alfacalcidol
Alfacalcidol

Calcitriol
Vitamin D injection

Calcitriol

Vitamin D (oral) and
calcium

Vitamin D (oral) and
calcium

Vitamin D (oral)

Calcium

Calcium

Calcitoini (intranasal)

Cyclic calcitonin
(intramuscular)
Sodium fluoride

Sodium fluoride

Sodium fluoride or
monofluorophosphate
Sodium fluoride

Cyclic sodium fluoride
(slow-release)
Parathyroid hormone

Dose

25ug/day

100 ug/day,21 of every
28 days

400 mg/day,2 of every
15 wk

400 mg/day,2 of every
13 wk
5-20 mg/day

5-10 mg/day

1 ug/day
1 ug/day

0.5-1 ug/day
150,000-300,000 1U/yr

0.5 ug/day

800 1U/day and 1200
mg/day

700 1U/day and 500
mg/day

400 1U/day

1000 mg/day

1200 mg/day

50-200 1U/day

100 IU/day, 10 of every
30 days
50 mg/day

75 mg/day

50 mg/day or
150-200 mg/day
75 mg/day

50 mg/day, 12 of every
14 mo
400 U/day

NO. OF WOMEN
100
75

66

429
994

2027

61
80

50
341

622
3270
389
(men and women)
2578
86

197

208
72
257

202

354
84
110

34

DURATION(YR)
Upto 12
1

3

Upto5

15

Upto 3.5

4.3

Upto5

COMMENTS

Vertebral deformity less common
in mestranola group *t

Decrease in number of new verte-
bral fracturest

Decrease in number of new verte-
bral fractures in period from 60 to
150 wkt

Decrease in number of new verte-
bral fractuest$

Decrease in number of patients
with new vertebral fractures
Decrease in number of patients
with new vertebral, hip, or wrist
fractures

Decrease in number of new verte-
bral fractures8§f

Decrease in number of new verte-
bral fractures||

No effect on vertebral fractures
Decrease in nonvertebral (espe-
cially upper-limb) fractures}
Decrease in new vertebral and
nonvertebral fractures§{
Decrease in number of patients
with hip fractures

Decrease in number o fpatients
with nonvertebral fractures

No decrease in number of pa-
tients with hip fractues

Decrease in number of patients
with new nonvertebral fractures |
Decrease in number of patients
with new vertebral fractures
among those with vertebral
fractures at base line

Decrease in number of new verte-
bral fractrues||

Decrease in number of new verte-
bral fractures§

Decrease in number of new verte-
bral fractures8{

No effect on vertebral-fracture
rate, but increase in nonverte-
bral-fracture rate

No effect on rate of vertebral or
nonvertebral fracture

No effect on rate of vertebral or
nonvertebral fracture

Decrease in number of patients
with new vertebral fractues§
Decrease in vertebral

deformities |

* There were no spine radiographs at base line, so vertebral morphometry was cross-sectional.

1'The extension study was uncontrolled.

:I:The treatment groups were pooled.

§The Study was not blinded.

{IThe study had no placebo group.

[ The number of women with fractures was small (<10).

(1m191n N Engl J Med 1998 ; 338 (11) 11 741 )



22

Amdunisliealnsau ellesiunisinaesnszgniu Ananan1sAnEatuayuAILans
Tumn3199 3 wudnisliludas 5 Tusn Tlfiladeden  winnslsrazeanandniiadusasiarsun

o waz daide umer T dawanslunisad 4

AN919N 4 udasiedan uaz daide vasnslfieaingian Snenlunnzmeiavualszaneu

Benefits Risks

Relief of menopausal symptoms Return of menstrual bleeding

Prevention of bone loss and fractures Risk of endometrial carcinoma

Prevention of ischemic heart disease Breast tenderness

Prevent of dementia Risk of breast carcinoma
Migraine

Risk of deep venous thrombosis and pulmonary embolism

(111870 N Engl J Med 1998 ; 338 (11) 1141 741 )

v . o o a o o A A
n13ld Bisphosphonate lunistlasiunisvinaesnszan lumijedavnnilszaninen wudns
Use@nBnnigelunisiiia BMD 199 Lumbar spine uaz femoral neck Asuanslunini 5 Hdaya
waneNIIAne wugn walnsiay dilszdninnlunisiia BMD uavaanisinaesnszgnlaangn
walnsian ashagaenlduwu walpsay lussndungudesaesnisld walasiay vsased
o o o o . ) Py o T A =
anufu fesld  antiresorptive agent au wasnuAlszanmeuluszazioanenunL 1HesRInd
: \ @ X = A = .
pathological fractures = - agislafimy waueidsladflnnsAnsilFaufieuna  combine therapy

7¥11114 estrogen / bisphosphonates Wiy estrogen V38 bisphosphonates BENGLAE
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2NN 5 LARAINN9ANAUYDY Bone mineral density (BMD) 184 Lumbar spine Lay
a o o A aa Yo
Femoral neck lunijeiamuatszannaunininznszgnngu Tnalézy

alendronate iluszeizinan 3 1 WaauiunguaLAw

Lumbar Spine

14 ® Placebo
| W Alendronate

Month

Femoral Meck

Change in Bone Mineral Density (%)

(1i11ann Eastell R, 7 Osteoporos Int 1996; 6 Suppl 2 : S3-S5)

Tnaagl  nsguadudieiaunnlszanpeunininznszgnngu dhunigietlesiunigin

219N372AN AARTULBNIHEANNAIN BMD (@aidunanisdaniedensia fracture| rates Nanaq)

o A

patiy nastlesiunisinaesnszgn luggeengivananinsniandndny Ae nistlesiunisdu e
wangdusau Ausnswilaaningdenieusesng (nMaud lananinisneaiiv, sinndnile

¥ | < LS 1 d‘l o ZI/ ¥ 1 ﬂ/a‘I | % U
forie wazidulitiavguianimeeda)  sonviesnisuilaaninuandenldlidussianiedn (Lasadng
o = o = = X o - o 5 o o = o o =4 o
Mneanae, WhanlunsunuGey, gunsainimaesa, seavininszdunanwing nislieiedlaaiy
naianIsinaednszgn Taanisiiy BMD ANANNANATY AuandlunIng 8 Aziiudla1ednis
Snenlaelsf antiresorptive agents Wiaam bone resorption &13130LAN BMD l@R1nNA Atz

n97 (dotted line) waz@u1saAan Weuda 2 1 faensld estrogen
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2 IneNafAINaNI8NaLHeIaINA9E secondary mineralization 11

38 bisphosphonates
FTEULIAENIUNY YiTD positive remodeling imbalance Tunsmssiudunaresnsine lnanig
N3FU bone formation (broken line) azflansinnsifinges BMD ?a‘lfam a1 2 1 lunguacuaw

(solid line) %ﬁ\‘imﬁé’mmmmmwmm‘:@ﬂL‘ﬁu%uﬁ@m Pasveznafindy ednelsfinnly
UAEINTANTEN Wudﬁmﬁm&ﬂmmﬂﬁm@L%ﬂumjumuau AN UNNTIAAAITAY

nazanls wsildieawalunisilasiunszgniinlé

NN 6 uannarednieinmaiiafie] dedennntlszanmeuniniznszgnngu

planailanuuLAI8IANILLINNTEAN (Bone mineral density) 789Nz ANAUNAT

Filling in of remodeling space

1.2 y . R
iy I Therapy stimulating
g E bone formation | -
= ) -
@9 1.1 ~ 7
[ 4] <17 "
= E i nmmegnte s TR SELTIPEE smemmssnme e
= g S e Antiresorptive therapy
W g s
w2 - '
= L0 TS -
= o Hacebo
Eg
0.9 f T f 1 1
-1 0 1 2 3 4
Year

(1m0 Parfitt AM. “? Miner Electrolyte Metab 1980; 4 : 273-87)
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AN NUFIUNIRINSIRATENMSILRE UL asIRINsaRNE, N1sAsIINsEAN

[ ' o ' a [ o (Y]
LL@%W"I‘J"]ﬁEl‘J"ﬂElﬂa’ﬂ‘itﬂuﬂ’ﬂﬂ']?l;ﬂﬂﬂuu;ﬂﬂﬂﬂ@ﬂﬂ']%‘alﬁuﬂﬂL%ﬂu‘iuﬂ‘ig“ﬂqu

N9 L4 Biochemical markers 289 Bone remodeling Tun19AREN

UL91N13284 bone remodeling ﬁmﬁwfiﬂLﬂuzﬁwéﬁjmz@]ﬂ‘LummmmWﬂﬂiﬁﬂmuﬁﬂﬂﬁ
Tmﬂﬁ;z\l‘ﬁl resorption U84 osteoclast WARANNALE formation U84 osteoblast NM9LAA bone loss YA
unalszamaunazanaealngan nlinannsliauna 189 2 auaunnsi e resorption
1NN91 formation N193% bone status M1 l51A"EAE LLﬁiiuﬂnﬂq?afév”ﬂﬂﬁ@f:"mmuﬂﬁlauuﬂmmmmzqﬂ
udanslfnainm fesneinaniailiewunlasiisasinld biochemical marker of bone G4l
2 13iaAa bone resorption ka& bone formation markers

a

nsdszilivaninaednszgn Mld 3 35 1) Histomorphometry laifiAonniiesiiasann
invasive , expensive wazldszazinarunu  2) Densitometry Haaufianlunianal]if Gedivane
technique WHAY technique Niedlazdeidanaudndlunnsned 5 nsiARaeRS Dual-energy X-ray

. o | @ e a .
absorptiometry (Dexa scan) Wdazung  wsilduasumsgulunislsvidunine osteoporosis tnt
WUy T score AN WHO NNviuA  HANAINUWENNAINENGRY, Non — invasive WATAZAINWA
Y aal X A S = ) o . . o % o
do1dua0935n19l Ae n1edanisilanunilasaesnszannaInislil intervention Fasldinaratinsiian
1-2 T \flaealaanuianainaaaasesien dnlszunm £ 1% sell seiuacldidunienlunnmds

3) Biochemical makers of-bone: turnover TE4aA luN1s3aeHaIaIN @ IN1TTARANT TR Ag

£
N o A

199NN IAIFMAINNTIRNITNET - BONAINUEIRNA BN IANHINUAAINATEIANANAUT TN

bone marker WAL bone mineral-density-398919N159NU84NTEAN
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TECHNIQUE SITE
Single-energy x-ray Forearm and heel

absorptiometry

Dual-energy x-ray Lumbar spine

absorptionmetry
Proximal femur
Total body
Quantitative Spine
Computed tomography
Forearm

Ultrasonography

Patella

Heel, fingers, tibia,

COMMENTS

Inexpensive

Precise

Use low doses of radiation

Measures sites unresponsive to therapy
Does not need skilled operator

Fairly expensive

Precise

Uses low doses of radiation

Measures site responsive to therapy
Needs skilled operator

Subject to artifacts (spondylosis)

Fairly expensive

Less precise

Uses low doses of radiation

Measures best site for fracture prediction
Needs skilled operator

Expensive

Precise

Uses low doses of radiation

Measures sites unresponsive to therapy
Needs skilled operator

Allows assessment of body composition
Expensive

Less precise

Uses high doses of radiation

Measures sites responsive to therapy
Needs skilled operator

Allows assessment of trabecular bone alone
Inexpensive

Precise

Use low dose of radiation

Measures site unresponsive to therapy
Does not need skilled operator
Inexpensive

Less precise

Use no radiation

Measures sites unresponsive to therapy
Does not need skilled operator

Fairly portable
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Biochemical marker of bone turnover
Bone marker TuvnefFutadu 2 afianiuuinfin1siienuees osteoblast  uar
osteoclast el bone formation markers WAMINANTNNIULEY osteoblast synthetic activity Tngl

protrelease metabolism of procollagen WA bone resorption markers WAANENNNINNUT R

A

osteoclast Inieiaagans collagen T bone AeiNAT89 hormone waziladesing Niuase bone
remodeling azinafanTilasull 9184 bone formation WAz resorption marker SIGI NI RN

'
a

1 1 %
7 6 DatladaNinasia bone remodeling uaznalnMinau

PN = o Py ] =
F159N 6 LL@ﬂQﬂQﬂqqgﬂﬂﬁNu LL@:ﬂ@“QﬂW’N’] ‘V]NN@m@ﬂq?Lﬂ@ﬂuLLﬂ@ﬂsﬂﬂ\‘lﬂ?:ﬁ@ﬂ

T rLaUN19AN
Effect on
Bone
Hormone or Factor Turnover Cells Effected Mechanism of Effect

Parathyroid hormone Increase Progenitor, osteoblasts High levels stimulate osteoblasts causing increased
osteoclast activity, increased activation frequency,
and accelerated bone loss.

Thyroxine (T3) Increase Osteoclasts High concentrations increase resorption with differential
effects on cortical and cancellous bone, cortical bone
lost preferentially

Estrogen Decrease Osteoblasts With deficiency, osteoblasts stimulated causing increased
osteoclast activity, increased activation frequency, and
Accelerated bone loss.

Testosterone Decrease Osteoblasts With deficiency, osteoblasts stimulated causing increased
osteoclast activity, increased activation frequency, and
Accelerated bone loss.

Vitamin D Decrease Osteoblasts Deficiency causes increased activation frequency but

(calcidiol, calcitriol) also inhibits mineralization of newly synthesized osteoid
matrix.

Cortisol Increase Progenitor, osteoblasts, Increased concentration have profound effect by both

osteoclasts increasing bone resorption and inhibiting bone
formation, leading to accelerated bone loss.

Calcitonin Decrease ? Inhibits bone resorption; used therapeutically to treat
Increased bone loss, e.g., Paget's disease and high
Turnover osteoporosis

Insulin Decrease Osteoblasts Causes increased IGF-1 synthesis in liver, resulting in

1creases collagen synthesis by osteoblasts.

(1181977 Robert H. “? Clin Biochem 1997: 30: 576)
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Tnsaa¥1enszgnisznaudag bone 2 1iia Tilausn cortical s compact bone Geiiwiindi
supporting , protection 4z mechanical functions 184nszAN u@ﬂmnﬁﬁuﬂumum:ﬂ@mm
shafts of the long bones (appendicular skeleton) was outer envelope of all bones %ﬁlqﬁﬂizmm
80% 124 skeletal mass mﬁmﬁ'am cancellous 38 trabecular bone Hansuzliaseaiauuy lacy
138 honeycombed (iflu marrow 7@ mineral reservoir) dauninagdaulugeanszgnALFON
vertebrae, pelvis bay the ends of the long bones (the axial 9@ central skeleton) ﬂﬂ?LﬂﬁﬂuLLﬂm
U249 bone remodeling ﬁm@‘%\‘i cortical  LLaZ cancellous bone %uﬁumﬁmm hormone uag

mechanism 8 bone remodeling

p9ALlsEnauaed bone tissue i 3 @9uAa organic matrix (osteoid) , bone mineral WAy
bone cells (osteoclast / osteoblast cells) Ing type 1 collagen Lﬂum?ﬁu‘ﬁlﬁﬁi@mﬁﬂ?:n@uaq
90% 284 bone matrix @380 10% Lﬂumﬁﬂ?zﬂﬂﬂﬂ?ﬁu‘ﬂﬁm%uj \TU osteocalcin , osteonectin
WAL osteopontin ﬁ\‘iLL&mﬂun’]Wﬁ 7 laaini3dm biochemical markers (bone resorption 138
formation markers) @113adala 1y serum WAZ urine , N199A markers L‘M@iﬁ“ﬁ 1]99 remodeling
process 3 il An 1) enzymes 98 proteins %Wﬁbﬂim cells ﬁLﬁﬂﬁmﬁu remodeling process
2) breakdown products %x‘iLﬂuNMWﬂ bone resorption mﬂﬂﬂi::@mﬂ"] 3) new products Tu
FEUINULIUNNG synthesis 18INIEAN 1L agann process WanazLanaa bone turnover Lile

g steady state 921974 bone resorption Waz formation 14ananil bone resorption markers a¥

au
[%

1atnaninidasuulagaes bone remodeling ¥aal# interventions ety 1-3 aw @a3an91 bone

formation markers 4141981 4-6 1A21 &
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AMWN 7 u@ns Biochemical marker of bone turnover tagugnidu bone resorption Lag

formation markers mﬂmﬁiw"] ANNNNINIULN osteoclast WAz osteoblast cells

Bone Formation Bone Resorption

tartrat resistant acid
phosphatase (plasmal)

calcium
}> urme
OH-proline

Pyridinium crosslinks
{urine}

total alkaline
phosphatase
bone alkaline

phosphatase (serum)

Ostencalein

(serum)

type 1 collagen telo-
peptide b-CrossLaps
(urine, serum)

carboxytesminal
propeptides of @wpe |

Frr"] :‘_}1’“:.'@6:1“]' . ICTF (serum)
TP, sep 5 :
(PINP) & e NTX (urine)

(_‘hlcg!-iln.«n.- Orstedidd Manrix Osteaclast

Bone resorption markers

Bone resorption markers Y enzyme tartrate resistant acid phosphatase (TRAP) “ az
NAT8Y bone breakdown @¢tlszneudae calcium UASKANNILELAANEMEY bone matrix L
hydroxyproline ,-pyridinium -, cross-links: LLag  telopeptides ﬁ\umﬂﬂumﬁ‘wﬁ 7 dou  urinary
calcium ALRNANTENAInN N TUAYANIT LT o lRE el T sensitivity Uy specificity AANELANT

/9218114 bone remodeling
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o

M1599 7 : UAAY bone resorption markers aiAs1e) MR lAlwde auazdasy

Markers of bone resorption

Serum
C-terminal pyridine cross-linked telopeptide of type | collagen (ICTP)
Free Y -carboxy Glutamic acid
TRAP
Urine
Calcium
Hydroxyproline (total, free)
Pyr (free, total)
Dpd (free, total)
C-telopeptide (ICTP)

Hydroxylysine glycosides

TRAP
Acid phosphatase lu lysosomal enzyme %qwﬂun?z@ﬂ , prostate , platelets ,
erythrocytes Waz spleen @il 5 isoenzymes wazlu stable T4 frozen sample €aluiifunfian

ry P 2
IANANUIA specificity 1A

Collagen breakdown products
o . . | =< = v . )
Type 1 collagen 1sznaueag amino acid hydroxyproline anlmseaiatln “triple helix
strands” InauAne strands Az T0NAAL cross-links (pyridinolines WAy deoxypyridinolines) $¥1314
lysine Y78 hydroxylysine fingl helical bonds daulanguny collagen molecule 2 dou AB N-

telopeptide region (amino-terminal) was C-telopeptide region (carboxy — terminal) TeazimaNy

cross-links 1agl non-helical bonds Faana N INN 8
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2NN 8 uanslATNaF19Tas type 1 collagen WAL cross-link degradation products

O,Dpd; *,Pyr.

H-TELOPEPTIDE C-TELOPEFTIDE
REGION REGION

(1111970 Nelson B. (60) Clin Chem 1999 ; 45 : 1361.)

Hydroxyproline
\flu amino acid Anudawlua/lu collagen “ wazluiiaunn connective tissues marker 3
N metabolized IWALUAZNNANITNLAINGIWITLAZNNINIULEALR AT B30 sensitivity uaz

specificity Nawe

Pyridinium cross-links (pyridinoline ttaz deoxypyridinoline)
Marker5@:gﬂﬂ@i@ﬂmﬂmmmﬂ°ﬂm mature collagen Ineilignsda11as Pyr: Dpd

~ 31  Dpd. RAMNLNZTL bone dan Pyr. wuldaly articular cartilage WA soft tissues

(ligaments WAy tendons) Tuszadneauaunig resorption cross-links ﬁmﬁa@@ﬂm 60% AzAUU

TusBin uazdn 40% azatflugil free forms. Pyr cross-links laign metabolized 139 absorbed Tal

)

21113 ®” Pyr. uay Dpd. @11309a1u urine 19238 HPLC %38 immunoassay ©™ Aeuvizeana

2UAUNT hydrolysis
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Cross-linked telopeptides

|
A

luauaunng resorption aziinseaaaanadiuilaiauas collagen MAaNAU cross-links
i72n41 N-telopeptides (NTx) waz C-telopeptides (CTx) T9azduaannala n1sdm urinary NTx uae

56,57)

CTx 1me38 immunoassay (conventional methods) ' TINNANTLNUANNAIINULDI LR LA

. A A A o o as o \ ) '
sensitivity 1A Wedeuiun1sWmuIRsn1sdn NTx way CTx udlu serum 1ag immunoassay Fa

58_61) dJ = e . dld U = ] o v ]
TN sensitivity AN wazinanTzNUAaNIIM1eINLedintaendn

monoclonal antibody(
Bone formation markers

sznaumas enzyme (alkaline phosphatase) Was product Aa1N bone matrix synthesis
(osteocalcin Las amino- / carboxy — terminal procollagen | extension peptides)
o =
m\umm\ﬂummw 8

[

A15199 8 UAAY bone formation marker TiAR17 1A lWAEA

Markers of bone formation

Alkaline phosphatase

Total alkaline phosphatase

BAP
Osteocalcin (bone-GLA protein, BGP)
Procollagen extension peptides

PINP
PICP

Alkaline: phosphatase (AP)

Wl enzyme 184 plasma membrane of cells daunnnwuly osteoblasts wazwy el
liver , intestine WAy placenta fesann AP flwans isoenzymes wazsnlidesfislunnny
osteoporosis 938 metabolic bone diseases anuaeaia aqlifenldidy bone remodeling

marker WANANUEIN half-life 819 uazgniueannieiu
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Osteocalcin

luanqunig matrix synthesis 1849 osteoblast %m‘é’d osteocalcin lu blood circulation %x‘lfl
half-life z%ulm:qﬂﬁm@ﬂmﬂm osteocalcin \luasAtsznaudaulunjaeaq non collagen protein Tu
bone matrix tlsznavudan amino acid 49 #a el circulation azil 3 giuny Aa 1/3 atlugl
intact , 1/3 2gflugt N-terminal mid fragment waz@n 1/3 114 smaller fragments #n47] Fauanalu

A 9

AINA 9 uAAY osteocalcin guuLsi1e Tuiaen

Intact
1 49
Fa it

| 43 44 — 40
H-terminal Mid C-terminal

i 19 20 43
M-tarminal Wi

2 — 49
Mid-C-terminal

(1A N Am J Med 1993 : 95 (suppl SA).)

Procollagen extension peptides

lu products of type 1.collagen synthesis {mel osteoblasts tsznaumag amino- / carboxy

—terminal procollagen 1 extension peptides (PINP kax PICP) NP %ﬂ@:gﬂﬂ@"ﬂﬁl%ﬂ procollagen

1 ¥ ¥
naun collagen azidnlilsanlu bone matrix marker Waniil half-life 1 wazldann tissue VAN

(%
o o

(skin, dentin , tendon) FTiIRgI A sensitivity A

tleyrnuaens L bone markers
o a Y aa o o Ny o o Lo ° %
\a9ann bone markers waETRATINT9InN1dAdaldeantavanaatnanaziinld 19y
routine laboratory assay laeelalanudnazil marker lowtly “ideal marker” A 1ail short — term
biologic variability (114 stable ldnanaduvzenanadlnnsd) |, T3gnnsdandeuazidy automate &
reliable 184 standard , 3n133ARANYNEABIGTAN interference tag warATIATAlUA19E non

fasting blood sample 138 random urine
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113N ANNTTUNSsNNL AT D

Heaney RP™  lfuansdng u davvanunisliuaaden wariniumdialunugeeng
WNBAANIIY NIARAAITBIANINILNLLLLAINIZAN (Bone mineral density, BMD) uaz andnsing

o

TnUensgnAATL  HesaInnuIINIglAsULAATEMETNNIRENE HANANALSIUNIATINTE
nszanluneny TaaennzluAugeans nudilANFAINII1eLARLT NN TWLEIRINNNIAnAY
199N199ATHUARLTENANANE Lazn1ainGL 98998A1 Parathyroid hormone (PTH) ainangl
NN UATNATEY PTH NIgauadsnasia bone resorption TIANTW LATN1ILIRENTBINTTANNIY
da( le, a o o A o d‘ 3 2 .
ANETR! u@ﬂ@fmu‘l,umymwumﬂizwm@umuNmm estrogen NanaIn i bone remodeling LAY
Coa xS AT 4
bone resorption WxaY  AeUlNENALszARaUN A FULAAITN T HIEaNe AziRese
o o X v = a o a Y o ¥
nnznszgnngugs nstlesiniazinennziuenainnisliaa @A NN eanauda §9inngl
. . = a A a a PN o o
antiresorptive drug aniaNeglin NNYszdnsnanlunisive BMD WNTZHN LATAAARNTINITUN
P = & o : ’ = a o Vo = a A
109n3¥gN usetalafiann nsaziaenid antiresorptive drug BudsnTL AT IAFLLAAITENATH
WewanauannalnnsiianIaznszanngy luniedanunlszabausinanndesu  weanainiy
o A [ dl U VYo = a all = 1 a o
defivatandngunnudinisldfuuaadena@uimeamaentdiunen  aawnsadlesiunisanadzes

BMD zaansegnlumeievianilszanineu

Cooper C uazamsr®  wudimisliupadenuasimiuiainluaugeengisuslsenu
uaaiBenluiiunm 512725 Sadnusedu (Fadusziufiunndiaulneiudsew) 1IaAUgIaNY
fiflszAAnumm aunsnilasiunnsanasaasuianszan i lumaetsin mu%mmqﬁﬁmmi
RanszgNINUNTE  SnsAnEataien | i ldunaidtlisinanansarzaanisanas
v

¥
109108nszan Tuwieduunnlszanneulsine 50% wanannil-Riggs BL wazanr™ &

NNITANELLYL  Randomized trial WemflNaa99n13 ALAALTE N IETNatiNIREIfa1 BN 0 iues

)
'

o Ao = o 4 = = P
nezgnInviNnsAnE luauazduAn  ieuna 3 nasAneiae 2 w3 {unisAneid vertebral
fracture lW endpoint WUFANNTDAARITANTRIIBINIZANAUNAIIN (vertebral fracture)

16049 31%
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¥ wud1nngFudsnusAa@aNtFNne 1,200 mg Aadi LAz ARNHY A

Chapuy 4azandy
800 1U sia §u ihuaan 3 3 lumfedevmalszaniew madfurauazinaugnannssy s
3,270 AW @1¥1snaAnNIsnaesnszgnazinnld 30% Lﬁlmﬁﬂ‘]_lﬁ/‘]_lﬂ@:uﬂ'm@u NARNNAI81]
‘ﬂ%‘]_l’]f;l@’m?zﬁ‘l_lLLML%HM‘VIILWENW@?{%@@IW’]Q: secondary hyperparathyroidism 1% BMD 284

" s lERARuA (400 1U Aasw) Wunan 3% T

femoral neck AN Lips P uazanue
Tundsfamunlszanieu 2,578 A (1aumsesuaud) 16 wudngansnaanisinasnszanasinn

Fifew 30% WaWsuAuNguAILAN

Dawson-Hughes Buazamz 0 wudinasliueai@as (500 mg fadu) wazamius
(700 IU sindu) lupAngeeem19amang G9deguinngn 63 1 4110w 389 AW AXNI0AA
non-vertebral fractures IneilAd BMD 484 lumber spine (0.9%) femoral neck (1.2%) A% total

3 1%

) ] 9 a aa & =
WLANNT RN B 'ﬂﬂL‘ﬂ’]ﬂ@"lNLu‘ﬂ‘i{}ﬂﬂ

body (1.2%) MINA1AL — Heikinheimo RJ wazany

WLINRIN1TDAA non-vertebral fractures 1

Dawson-Hughes B WazAmuz®” wudﬁmfﬂﬁm@L%auﬁﬁmwe‘lumjwajﬁwm
Uszdnden Aidsziuueadandn awnsnilesiunmsanastesnanszanld  Reid IR wazan
wusmsluaaEest,000 mg siedls unan 4 1 lundjsiavuntlszarineun 86 AL Az
total-body BMD Lﬁlmﬁﬂuﬁumjumuqu IPeIaNIE BMD 184 lumbar-spine WAL proximal femur

" wuanng e

Tudag 1 Tusn Aauuanseiunguasuas ataedaal  Recker RR uazanz'™
Sutlsgmuueaiion 1200 mg siadu Wwwan 4 1 lumdgsiswnnilszanmeauenguinndt 60 U
mmiﬂﬂmﬁummmmmmmamz@lﬂmm forearm Wazan vertebral fracture 16 59%

(24-26, 70)

= a aly = ] v a a a o
NAUBIIFNNUA Eﬂﬂﬂ?:ﬁ@ﬂ‘ﬂ’mﬂ@’]ﬁlﬂ%‘ﬁﬂ‘ﬁ’] ‘W‘]_I'J'Wﬂ%‘lﬁ ARTNUA 1ugﬂ Calcitriol

199 1oi-hydroxy vitamin D @1%1908A8RIINN99N8INITANTS  ANEATEIZALLAATINTLANTY
a a a 1 1 1 =3 U dl a a a 1 al
uaziated 3G samansenn Taasss wiadhslsiaunisliiaaiE@en uaz Sanfiu A adraien

)

analiiiieswalunnstlasiunisinaesnszen Tilyard MW wazauz “  wudanisfutlseniu

a a a A dl 3| =) a o o s dl = o o o
Spnfumvse waaden Wuoar 3 T lundgeianuailszaben Awainimingeanssgndunas
AU 622 aw Te wudnguinld Sendun Tiinaasuulasaesdnsnisinaesnsgndunas
| oAy y = o = - X o o v o \ @ = X
dounguildueadan  nAURNIANTUTIERIINIINTeINszANAUNAY  adelsfinunnsAnmnil

13d169m BMD @ann o ls il umnuiansauadnani1s@n s teenn
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Beverly S uazanue””  I@39u991n13ANE1 wLL Meta analysis DNEaN125LLseNnIM
waaiian Tunnstlasiuninznszgnngu lundeiamuniseahen Tnadnnanes vertebral fracture

33,72-74)

AN 5 N13ANEN W91 pooled RR lafiannudnAyneaifimnanisanasaas vertebral

fracture lunguiulseniuuAa@an (RR0.77, 95% Cl 0.54 - 1.09 , P = 0.14) uay

279 w141 pooled RR lifiaaudnAyneassianis

non-vertebral fracture {10 2 N19ANEA ¢
AMA9TRI non-vertebral fracture M4 calcium group (RR 0.86, 95% CI1 0.43-1.72 , P = 0.66)

LHATeINNI3ANNT At uILlas BMD  Taganazi Lumbar spine naaluAadeNiasiidunan 2 1
wUAEinN7#iN BMD (Mean difference 1.66 , 95% CI 0.92-2.39 . P < 0.01) Faiunneliuaa e
wsuadanen luszazeannedaedes 2 1 lumielavuslszannen  drunmilesiunisanasans

BMD 284nszgnls

anudngudned  msldsuuaaiFeniifiame Lﬂuﬁuﬂméﬂﬁmsluma‘ﬁmﬁummmm
289 BMD mmﬂiz@ﬂ‘;ﬁ vertebral ua non — vertebral 1 l#ann1azidestesnaifinnnaznszgnngu
Tuuﬂjdiﬁﬁmmﬂizﬁﬂlﬁ@u %lﬁfl Recommendation of the 1984 Consensus Development
conference on Osteoporosis " wugiinliupaidesainluggeaie 1,500 mg (37.7 mmol) siadi
uazflall Recommendation of the 1994 NIH Consensus Development Conference on Optimal

)

Calcium Intake " TaeuzinWiaa@esnludgeanglufunuivindy - e n meta analysis of

) wudan9le e

calcium supplementation for the Prevention of Postmenopausal Osteoporosis
avie athamen ldandmsanisvinaanszan s vertebral 4az non-vertebral  ustaailasiunis
AAAITDS BMD Favinnlss antiresorptive drugs AU wenanuAAT AR AANaND T
AINAIATYABNITANAITBY ERTINITANLBINTEAN

(PRI wuganasealdad aunuinndu A Tuggeeny

AINNIAREINANE] NNIANE
ATN1I0ARERIINNIINTRINIZAN VI vertebral UAY non-vertebral NN BMD lgaeined
HednAtuneatmEamauiungNAAN | dwiulu’ Recommendation of the 1997 DRIs from Food
and Nutriton board (IOH) lauuztihlmaiumaanlsinns 800 U sadulufgeeny donru
WAATENETNLINNL 1500 mg #edi MmN Recommendation of the 1994 NIH Consensus
Development Conference on Optimal Calcium Intake wsiaeinalsfimudeyasinaraunig

o = o 4‘ = o d‘ ' a a A g .
wuzthainnsAnenlugoayduan fanadiladeidassanisansaaduaninndnlugsalng (Asian)
< = o o : a a o A o Y v o = 2 o o
Feililadei@assianisniaeiuastiesandnlFfuuaunafiieans  sanT9ANUEAIMNIN

a a aa [ % Z’/ L a a a a o o A
AATHUALNENND muumﬂmmuumLmﬂuﬂuingqmq (TﬁﬂLﬂWﬁxﬁEyﬂ”JElﬁNﬁﬂi‘:ﬁﬁLﬂﬂu) a1
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Y a o Ry o ' a a y = a
L@ﬂﬂWQ’W?ﬂMi‘VIL@,W’W:ﬁ?’WEI‘VI?\I‘]j’Q’QEILﬁﬁl\i@j\i[ﬁl@ﬂ"]?ﬂ’\@')ﬁl’]ﬂum b Tmma‘@msﬁumqmumm?

AnUng, Taalnane, Tuaunrosunssunntaisana waslasuansanmisludineane

nslffuupadan  wananluansenmistsyardundn  deluaameondsuluglunnaesen
waneia 19U calcium carbonate , calcium citrate , calcium acetate , calcium lactate T9UARE
TUANTILIADY calcium element fadas19iW  waNAINUWILENIIALATNIAATHIBILAAITN

: a o e 2 = : a A ' a o o & =

wiazaHadaumanAeil  nsdenueamsNwasTRaive I lunguuieiaunalszannel IR
o @ dy o o / o
ilunsesiudssniuszazioanny  ieilediini1sanasaed BMD 19903¥AN  UWATANNIAENGS
NSAANINENIZANNTUIL  AINANIUNTINANNANAIYE9IAIT I ufos  wanwileainnInads

8)

194 WAAEeNUsAazTia  Bendich wazaniz 7Y wudannsluaai@eaan 1,200 mg Aedu i

a P ) B A= Y | g o = a A o
me’l')'ﬂm?ﬂ’wm’lﬂuﬂﬂﬂ')’l 65 U Nﬂ']f]ll@Nﬂfmﬂ\jﬂql‘ﬁ@qﬂiuﬂqﬁqﬁuﬂﬂLeﬂﬂNL@TN LNBLNEUNU

79,80)

nsvinzeenszgnazing Ansfinmnlae Heller uazAny ' WUIIN9IRATHIEY calcium

81-83)

citrate #n91 calcium carbonate  WAHANSANHITESENUAIENIIANEN ™ WudinisgaTuTedue

AN 949 TRARINH A NLANAINRY NI94 05

uananil  Heaney RP uazpue™ l@dvinnsAnsuuy  randomized control trail

= = = i : . . Vo
WREUWEUNANIYATHIBSUARTLN 921909 calcium carbonate war calcium citrate el ldEu
Fedu 5 fansae lu nguudiedmuailizanbien o 24 Ay taadana 199 urine calcium
WuINgNA AT calcium citrate A7 urine calcium gandanguTlEEL calcium carbonate wsi 3l
o o aa =2 d"l dl a % 1 1 Y 1 U dl Yo
ANNANATYNNEDR  AINHATRINANEHINeszENAINANATasAN IHA e wudnguilETy
calcium carbonate HAMANATB9ANIEANE  AINIINGNNLATL calcium citrate BH1TAIAL
TWanued bioavailability 299 waAaEeN Hegaerniailliunns1aiulunneadn  falu WeaRansainna
P Sy = & ) a o o & =
ANANANTB9T AT AUl sennuuaadesTustzingRaw Tundunijvisunnilszanmien e

fasiunisanasreenaannszgn wiaziaen i calcium carbonate AuwmANgIUAINa19E19

IHBIANNIEUIEUNALTTANAEY AN1IAENFAENIINANTNENIZANNIW UAZERsINIT
o A a da( ! IS o o A py Py
Wnreanszgn MiRNIW Tnaanizlutdos 15 Tusn ndmuatlszanneu Wesainuazededingau i

S e 4w 4 X N P

anaadlunan  fandu PTH Ngeluminengininiy sinlilinasenisanasaesiaansegnlugdou
trabecular  Inganiznazgndunds uaznszgnazinn inliidaesiednanisineeansegninaay

Xe = = . . 85) o v o o ! \
waNaINUEINN9ANHI209 Reinhold Veith uazpniz ' IdAnmandniugszndne PTH Tudaq
naNangpingeg 3 ngN An naN 1 @1 <50 U, ngw 2 a1y 51-70 T wazngu 3818 >70 U wudnlu

o o

ngw 1 {3zfu PTH teandn nguil 2 uaz 3 aealied1Anynieadisl  wiseudnangud 2 uaz 3 1
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HANUWANFNNT8932AU PTH et alilad1Atyunied

ja))

a 13 o ! ¥ % = all
B AMNLBHAAINANIUINAY Aufunue9nIg

'
o o o a o o o

nuuanguengaeslszansfiazine AlANANAUSIUNMIWNTaEAL  PTH  adaltaddny
neats  Asulunnsidtves@oy Asmennguuijsisunalszanimen lutesang 60-70 U uazd

N1ENITHNLINALNDNNIZANNIU Auudng udeyadananadnesiu

Delmas PD ®  wainsfapnnaduiugazndnanisanadaes BMD Laznstiisdueednsnig
Winzesnszgn #4 vertebral uaz non-vertebral Tundgedavnnszanmian fafunns¥a BMD ananan
Mnennsaffednsnsinzesnszgnld  wideidasasmsld BMD Aamunisilasuulaseanszgn
wdannsiusznuueaidesiy dedldnanumedineion 1-23  esannissa BMD uan
Z score Waz T score L‘ﬁ'@ﬂ'i:Lﬁumwummwmm:@ﬂimLﬁﬂﬂﬁﬂﬁulu@ﬁqﬁﬂqﬁu waTIE s
mmm‘i’]ﬁu‘tmmﬂ?@ﬁm Dual-energy X-ray absorptionmetry (Dexa scan) ‘ﬁu AAuRANan A
vaaiaeciiateslizannis 1-2% waznIaianisulaeuuiasues BMD wdensliiudssni
wratdey axwunisulasuutladaadnsnaelssannit 5-2.0% detl  faiulumaseinionld
bone marker lunsAnmanasilasudasmesnszgn wismsliuUssnuuaadien Geldanss
91 Taeany bone resorption markers  @ndnsadanalaesuladldiannely 1-3 Hau

(87)

ANNN9AN®1A8Y Cliford J. Rosen LasAne 1AUAAIDNANNANAUTIENINaNTI ARSI

999 bone markers FanTsidgunilases BMD assnszan  lunguudeianunilszanimen
nsAnEUNUNTIU BNl asweas bone markers 914 bone resorption War formation markers

[Urinary N-telopeptide (NTx) waz Osteocalcin (OC)] 9 3, 6 4a2 12 peuuaanis sudseniu

v

LARLTEINIATHN UANANBREINLGN Haouduiussanisiasuuilasaas BMD aaenszgn

o o

(Mnszgndunds uaznszanayinn) et wRilud1Amealia P<0.005 uar P=0.02 ANATAL
o 2 S0 Rigy 5 a =
satiulunnaiagasld bone markers Inalanwag bone resorption markers AasNN1gILAzULLAS
Aelu 1-3 1AeY 39159041 bone formation marker N EANWU 4-6 LABY

) IAUAPIDNNATRINT I LAA LT LT N In e

AI9ANEIU8Y  Blumsohn A wazAne®
= o = , = , o = o \ 4'
WEeUNaUNITELAATENTI9NANNAYN Wazdadn Wwean 14 54 Aenaresn A ulases

bone resorpton  WuINNFdagainanaAulinanndt  TaennsAnmnilidunisAnsuuy

' '
aa

randomized control trial Anwluncjedaneunnntlszanmeuiionnn Neneded 20-47 U (a1giaa
36 1) Iaelsi5udsenu calcium citrate (1,000 mg elemental calcium / day ) waan 14 5 1ag
nmaguuiaily 2 ngu nguay 8 Aw nguuanliFuLAaTENtoed) (8.00W) uaznguasslay

WAATENTNNANNAL (23.001.)  wardanansasuulasuedassiu bone resorption marker
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[Urinary deoxypyridinoline (Dpd) was Cross-linked N-telopeptide of type 1 collagen (NTx)] was
s¥AU PTH  NA289A3ANEINLGY N5l HuAaEeME3HTananeAY @ Nnnansysy U-Dpd, NTx
uaz PTH Tugnanainanain aenadifidndymeada P <0.001 Wedeuiumsliuna@esiess
doaidn uana U LIINNT I uAAIT L AN A AL TNANNNTNAR I A LTS U-Dpd 9211914
Juld 20.1% (P = 0.03) waz NTx 3eu3195uls 18.1% (P = 0.03) mn'*i”mm;ﬂmmmiﬁﬂmﬁ n13
Sutlsemuueaifanetinaden 149 ﬁmLﬁmmﬁumqmu@mmLm@ﬁﬂﬂuéwmﬂﬁiﬂmmm
35f11989 bone resorption wazs¥Al PTH @ wanani msliiudssmuuaa@enlugaana
NANAUAINITNAATZALURY bone resorption  tAANIINAFlHTedn

| °o o aa o

aENTEA AN NETR ANrANgINAINaNITNesY

P ulFsuiisunates bone resorption markers

nMsANEYe9 Said kamel LazAny!
waneailn  wAsiulssnaunas s lungianalszanen wudn CTx § sensitivity A9gn
n1sAnetiily randomized control trail 13i calcium carbonate 1,200 mg siadu WauAUNgN
Y o = \ a = . T
AILIAN wandnN1TLl ALl as1a9 bone resorption markers TUARNT] AR Urinary total pyridinoline
(T-Pyd) , total deoxypyridinoline (T-Dpd) , free deoxypyridinoline (I - F —Dpd), N -and
C - telopeptide fragments of type 1 collagen (NTx az CTx) Wl CTx Y sensitivity ﬁzgmﬁmﬁﬂu

OV F s bone

iU bone resorption markers FRAW  A1IANEIUES Carnero WATALY
resorption markers 351979 Serum CTx (S-CTx) lagda7l 8.00 1. d9apa1vnsdNA AU Urinary
CTx (U-CTx) uavRppiunisiasuuiasaas BMD uazémsaniginzasnsygn  lundjedevun
Uszamau wudn S-CTx dAnnula wazAIuaImIe 1An91  wananildeilaanuuilstlsou semdng
o 4 ! dl k% o o |
Furnq assay Hoandn  Hesa1n U-CTx gnnsznulsnansiiade wanainnisinanuaesls udadsd
1ea1MNILarszAU calcium lwden  antayasinatndnssugiasasiaen S-CTx Taadain 8.00 u.

o ¥ 2 ] a dl [ % 2
wanaa AL i bone  resorption marker lunsRmsunnsilaauuilasmdanig i
Sudszmnuuaadsuidunat 14 Juluidamuailszanmnen

2) ' Vo = | 4
Wudns Ll senuueaiEe N lwga9di] 411190

N17ANEI189 Rubinacci WAZADLE
dudennsinauaes osteoclast 1 msdneiidenAnmaunguengdas 24-78 1 (engade 44 1)
W5utsznu calcium carbonate (1,000 mg calcium elemental / day) WA3AN1IAAAILEY bone
resorption markers [Urinary total wae free deoxypyridinoline (T-Dpd Was F-Dpd)] WUINENNT
NAPANUBY bone resorption markers 17{ 2 WA 4 %Tm Mﬁﬂmﬂﬁﬁlﬂizmum@ﬁﬂu AM3ANEIUD
Zinkan V uazAniy® Wudqmﬂﬁ%uﬂ@:mw,mL%ﬂulwﬁqqéﬁzuj ANNINAATLALUBY  bone

] 1 ¥
resorption marker (S-CTx) uay PTH 167 5 40Tue  nisAnmnilAnunlunguudieiaunnlszannon
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e 95Uz calcium carbonate (1,000 mg calcium elemental / day) udasanalasuutlag
U84 serum C-terminal telopeptide cross links [S-CTx (Elecsys beta-cross laps , Roche)] Wag
intact PTH (-PTH) WU9Ein19anase9its S-CTx uae iPTH 71 5 dalua &l calcium  farfuann
wangIuAINa1Idnesiu mﬁuwuma‘l,ﬂ?iﬂul,l,ﬂ@wm bone resorption markers (S-CTx LAz
U-T-Dpd.) wisfutlssmuuaai@es 7 2-5 G2l ﬁqﬁuslumiﬁﬂmmmﬁﬁﬁﬁ fiinnanailaeuulag
U84 serum C-terminal telopeptide cross links (S-CTx) has i-PTH Mﬁﬂmﬂﬁumﬁﬂm Wuandad
FlansT Unaiitemadantsdanann i Aeuslasfenanndnedy

= [ %

fnanguaes Heany RP.

wudnuejelamuatlszannauliszaiu PTH Tudasnainatsais

A4 A e A e o & - = (95,96) =
QQLN@LV]ﬂUﬂUﬂfy\‘]rJﬂﬂ@u‘V]Nﬂﬂﬁ‘z@ql,ﬂ‘ﬂu uﬁﬂﬂ@’]ﬂuuﬂ\‘imﬁ@ﬂﬂqu“]’]ﬂﬁﬂqﬂﬂqﬁ‘ﬁﬂﬂ’] N

atfuayunsiFudssnunaa@es Tumnsneuwan @ 1unsnansziu PTH uaz bone resorption
markers 18 agslafinan nadudsgniuueadandelanlfiiudssnundsanmns  ilasainniag
, - = = v X o o = ~
NIAANNNITNNZBIMNIATTLNNNIAATNLIMARLTEN IFRTW Al Na@enaimnzany
nslifulssmuneadan At ndadnie linals: Tamisanguidieianunilszanouni

AN are9n19FULs T ULAR TN

NIzANUAIALN Merja UM Karkkainen uazmane |
ATAEn saniaasuuladueszsiu PTH uaz bone resorption markers lunguuciedanaumun
dszaman nlegtes  IaeuFoumaunisliiudsenuuaa@an lutenaeau (23.00 1) uay
AAULEN (8.00 1) WuUINIHRANLANANTUNINADR agelsfimunisAnmiladlgdnslungs
wigdeunnszgienguInuariadesrenszanngy  uananiudaliiudssnuuaaidouua
Y o o 8y o = = e | > .
piupnn anavnliseAuueamenlwaen Hinesnesian19anseRaes PTH uay bone resorption
markers

A ol A A ] | o g o
Lu@ﬂ@’]ﬂﬂ’n:ﬁm@ﬂﬁzr‘ﬁqlﬂ‘ﬂu&lN@C”]‘ﬂﬂ'ﬁﬂﬂ@\'j‘ﬂ‘ﬂﬂﬁq’]ﬂﬂuﬁluuuﬂ?z@jﬂ (BMD) ‘V]']SL‘ML@H\‘]

AedmsINsvinIesnszgn  Iaslennznszgndunasiarnizgnazinn  a1nudngunanadneiu
wudnIe Wea TN EENLAZARI AN © ansoilesiunisanasasinaTontadnazants  wsllsl
= o o dld o ' 2 z 4 o :I/ ° | ¥
Weanalunistlasiunimingednsegn Insennzseninszgniinnauntiniuan  Asiusfluses
145U antiresorptive drugs 81 WMsANAINa1T9s5  agelsfinunsliuaaidengTuineaniy
TudtgeangfadmnudAnyilessis waniwieainnisli antiresorptive drugs  UWAZHANIIANEN
=2 o 4 3 ¥ o 4 d‘ 2 a o d‘
AnuanensAnEsInaadnasy atuayunsliuradeuainluszezannludgsiaunnsyg e

1y

flasriuninenszgnngu wsidaanamunzanlunsiuaamondsy deldddaagidaiay Wasann
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PTUINNAIBIUNT AL NeUUeY AanT1TlasuuLlasle9s2mll PTHIAY bone resorption markers i
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FuLlsennulAa@aNgEuIeneuUen N Uade1unT desile Aenniasuulaaesssiy PTH uay
bone resorption markers (S-CTx) -~ taRarsatilunianig s lffudsznuseadan Tunan
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sUuuuN1538 (Research design)

Prospective randomized crossover placebo control trial.

AanNaILlaIny (Assumption)

=8 &I [~ =8 = a a 1 Vo = [

nsAneidlunsAnEBauPe Ul s @nsninszmndnans il s unaa i unuas

dglj 1 1 d‘ o = A & a &
217489 LaznauLey Aen1niddsuulaireessiy 3 - wastuea walalding asesded Tu
1aam (C-terminal telopeptide crosslinks) kagszAunnssasasfanslun (PTH) lunguudeianun
dsganpeuninazgnuiaides  Iugeseny 60-70 U Iaedthesalifudseniuuaadanidung

L . 4 3 . ) . v

atedee 14 44 BalsanesanlzaNnatesnsilatuilaswsianisliunlasuiasreanszgning
nsaaneuaznIsa31enszan (bone remodeling) Warazddeianatination 14 4w Tudaeii s
o = 2 A ) b o a PRI )
Sutlsemnunaai@an  (washout phase)  Taweanesan sdUsEALLAATaNT A FUaaNANTI9NNE
naunslédutlsznunaadanludoainaeanisdnsie cross over lugilaapupaatiu  nns
fj”mmmmmﬂ,ﬂamuﬂmﬁi@miﬂﬁ?‘uLﬂﬁﬂmq@ﬂmm‘z@ﬂ (bone remodeling) n1sdasaiianinis
aanEnIzAN (bone resorption marker) WAZNIIIAITALNIINEEIRLAZRTING (PTH) Fasesy

A oA a X & ) ;
WAL NMANT WA (calcium loading)

sl danadal jiienagldluniside (Operational definition)

1. Osteoporosis A% quﬁ'ﬁmwumLuiummm‘z@n (Bone mineral density : BMD)
TreiflAn T score Haandn 2.5

2. Osteopenia R qu‘ﬁlﬁﬂmwu%mummmz@ﬂ ( Bone mineral density : BMD )
Tnaiden T score agsendne -2.0 TN -2.5

3. Serum C-terminal telopeptide crosslinks (S-CT) : llunisdaftHn stiasaaenszan
(Bone resorption marker) LanHan13M19114184 osteoclast Aan1s Usuilaen
1923989N92AN ( Bone remodeling ) Adlii3uilsenuuaaiies

4. Parathyroid hormone (PTH) : Lﬂuaﬂﬁuuﬁgﬂmuquimmaﬁ’mtﬁuLLML%NML%@@

Ipenaanisiulsenuuaaidan aznilisesu PTH lusaniaanag
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521181128998 (Research Methodology)
1. szansuazm2a8ne (Population and Sample)

1.1 waninasilunisAnidanilszansuazsiating
- dszanadlmung (Target Population) §uigedamunilszainouansfaus
60 D9 701
- szanssnating (Sample Population) gudieitnunilszarinauanysiaus 60
4 70 1 Nadasladindanlasennsadanunungilasuanisanenunaainaensal
I3 o A k7 = . . .
- inusinnsAn@enilszainadnNaAnEA (Inclusion Criteria)
1. Huel a1g 60-70 1
2. dindaumsAneafasagnnaagla wazlinnnntiuaes
= = = LA . =
3. HNNIZNTCANUNEENINTBNTEANNGY (osteopenia 1178 osteoporosis) IneI
ANNVWIUUUIBINTZAN (Bone mineral density : BMD) 3511974 -2.0 14 -
3.0 AMNMN3TARNEILATENHE Dexa scan L3nnas InNuazNIzn NAUNA
- inneinaAn@enisyainsaanaannIsdn (Exclusion Criteria)
1. a1gfeundn 60 T wiseNannan 70 1
2. #n19¥ secondary osteoporosis AMNAMARYT 1w IFFuansaRa e
fesaefaasiumg Wi
o a a o A 1 ¥
3. fudsgyuueamsniasnidulszanluszezionn 3 ew neudnsu
Tazanns
4. lpFusnniinuaanszan Wy sesluuealniay Daneanaiun waadiaiiv
meluszaziogn 3 hiau newddanlasanig
5. Hlsatnaniu s, la uazniagatinesaesantd

= s o A ! Y
6. Lﬁ?;l&lﬂ’j‘z‘)[ﬂﬂﬁ‘t@ﬂ‘ﬂﬂluﬁ‘tﬂtlﬂﬂﬁ 3 e nawdnganlasenig

1.2 ‘WAllAn13qusaating (Sampling Techniques)
nsAAaansaesnalgiLLL non probability sampling B9a purposes sampling tag

NAUIAH criteria Tun135UENANEA
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1.3 NNTAUILUNAGIARENY (Sample Size Determination)
n = [(Za+Zp)SD/0O]’
o type lerror = 0.05
Btype [lerror = 0.10
Zo (two - tailed) = 1.96
ZB (two - tailed) = 1.28
SD = Standard deviation of the within difference = 7.61
O = the value of the mean difference = 5.86

N=18 ¢

2. NSAILNALALNISIA (Observational and Measurement)

- ﬁuﬁn%’@g@ﬁuﬁmmmé’ﬂw dnilszdh #9923WNE 1AIERDA PTIANNTVINNTULIBIALUAL
1 pavailagnng neaANRLIULLIBINsEAN (bone mineral density : BMD) 3naglutag 2.0 D -
3.0 AN criteria nawdnnlagenas

- Fansulaeuulassydt PTH T 24 dalie Taeanismsaidenifiednszduaaslun PTH
AAUFULTENILeMNTEN (8.00 1W.) BaLE (18.00 W) 1 dalie wazmemAsiULlssynuamnaidn
Az 1 $ale uamsaasyAuaesliu PTH M0auaumAuing 24.00 1. , 2.00 1. , 4.00 1. Uae
6.00 1. FIUTIAY 8 ASIFRTY

- dpsvAuYed Serum C-terminal telopeptide crosslinks (S-CTx) #adaamannsdnsAL
8 daTus Tnedntaeidn 8.00 w.

o K 1 a Vo = a dl a 5 1 =2 = o K
- fuiinannsdnarasaesnisdSuLAa@s TN AT UTEUdannsAnE Tnafin1siuiin

AnayaTiunnlszandn uaznisaauninlutaadniasnugilon

3. 28nnsusagaunsnuad (Intervention)
U ai 2 s =] o d’lj % o/ e ]

- gihandinaEinisAne nasaInnisamadauiessulaanisdnlszds , asmaineanig,
naneiaslfuRnisiliessiu uazn1amsanuIuLiLYedInszgn (BMD 289 vertebral uaz hip)
Tnair3eaila Dual-energy X-ray absorptiometry (Dexa scan) aglumaq 2.0 29 -3.0 azlaFunsgu
Tmel randomized double — placebo WWaFLLAATENIETNTIMAIR N 2 He ¥i3e nauue udaa
WINUBINITANEN LAQ crossover MALALIRT TUTaN@NN8IN1IANET  NAIANNHIUTNGDIUD

= < o . vo I . 4 a9y o o Ay ve
NITANTN eﬂﬂ‘i’l\‘l@ﬂﬁf}@ﬂ@f‘éiﬂﬁﬂﬁ’m@ﬂﬂ nanasansuazneuuey e ldszauuaa@annliiuly
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doguanaesnisAneIgnduesnaindanie fewEniulsznuwaaiienudoa nednsdnm

(ANBEUNINN AR Tuiadedsnisaniiunsiaalnesa)

a . R a o Yo
- #Hmv8Y Calcium NEFuN1IdtazlHFy
1. Calcium carbonate tablets
( Chalk cap® 835 mg = elemental calcium 334 mg/tab)
2. Placebo tablets (81%1a80)
(RAnwnznewanwidean Chalk cap® ynusenis wineluussquileliiumein
111 Chalk cap®)
A3 Tn59m3539092 1050 Chalk cap® 835 mg #asa1n9Ldn 1 1ln uazudsanmaifiu
@ 1 1 Yo <}
1 dWe duneuueudz 1851 250
- reuiniasnis giulasenisazldiunisesunedsnielimsa uaznistiuiine i
Futlsenmu sansiseniadnaiatsanmssutlssniuieaden luaymiunnilszansn  Tnaluusas
:’/ dl v a v Yar £ a o o [ dlu/
pfdaRann filasarldiunigastninainisdnames  wazdnEnizeunslszaniuniudlszniu
A o , = A o o . \ = ~
eALANTASE18981MNIABNNTAATNLBNUAATEN  TAENINUA RN TUAA LT URINIIAN TS
AnuourlndiAeaiiy (MsAnEH 3 109 2e9n1sAnEIwAAT T IEnaN 14 T1)
2] Yar a 1 . 1 Yo
- feanlasannsazldiuueaiion Tnan1sguuiu randomized double placebo 914143
WARALTENTNUAIRIUNT 2 Ha 11 (8.001.) Lazifii (18.00 w.) viraneauuaw (23.00 w.) 1unan
14 41 UT99uINVBINIIANEA
- WARUTI9LINERINIIANET HeanlAsanIgazaaEnuea N lulsanenuna [amsa
S-CTx 1a99Aa1u13duAY 8 Falug Mnan 8.00 w. (11) wazmaaa PTH Tu 24 dqlusdAe new
Fulgen1uenunidn (8.00 1.) waztdiu (18.00 1.) 1 dalue wazuasdudseniuaimadniazisiv
1 Falad waz lUTUaRMALTIAT 24.00 1, , 2.0034. , 4.00 1. WAZ 6.00 1. TINY9AU 8 ATIAaTY
- dosiassaesnisAnen HianlasaniaisasnguazlAiuamaen iuaemng uazniaw
waw Wwaad 14 54 e linaresuaaiienin 93 ludaasn gndlisanainiisnnanan naunaziEs
. 5 AR 2
Fudsemuiaarian TN A NTBINITANE
, A =2 o 4 | a o v Y v
- goafignnaeInsAnEn ianlasanievisaesnguas crossover Tuaaeaiy tnad iy
WAATENUAIRNMNT INTaausn  avldfunauueuunuludadfiany  wavdnldsunaadanneauuenly
doausn azlaFumasanmslugaanansy Wunan 14 Juisaesngs

- ARLERaINTeInIgAne  Fianlasanisazdaseuinlulsmentna  wazlfiimsn

WHAUAUUAUTTINEN LN ANARITIIUINURINIT AN
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- Lﬁﬂﬂﬁ“]_l 14 U 1uLLVi@$°ﬁ‘)\1°ﬂ'ﬂ\1ﬂW?ﬁﬂH’1 @tﬁﬂaQMWNIQE ﬂ’n\l‘ﬂ’]ﬂ’ﬁ%’ﬁﬂlﬁﬂ\‘l@’mﬂ’]?

Sutlszniugnainaymiuiinuaznisaaunintiuiuaingsoutasinig
= - o = v @ pry oA o
- Weasy 6 et wiasanlasenng azinsuuLdaen Lw'a@mqummﬁmmﬁuﬂizmu
, A

Q) NS [ RAZ RN

- N19ATA Serum C-terminal telopeptide crosslinks ImeAT Electrochemiluminescence
immunoassay (ECLIA) [Roche Elecsys 2010 B-CrossLaps / serum immunoassay analyzers,
Roche Diagnostics GmbH , Mannheim , Germany]

- A13m99a PTH 1neiRd Electrochemiluminescence immunoassay (ECLIA) [Roche

Elecsys 2010 PTH immunoassay analyzers, Roche Diagnostics GmbH, Mannheim , Germany]

n1559usIntaya (Data Collection)

¥ Yo o KR e @ Y a 1'% ry °
°]J‘ﬂ3;]1@@$VL®iUﬂ”]T1JuVIﬂSLuLLUUW‘M‘N LL@BLﬂUﬂ@H@@QIMﬁ@NWQLW@? WAUINIRTINRAULLAL

naviilneant lugil Mean +SD

mﬁm‘i’mﬁ‘ﬁ’aga (Data analysis)
nsagdeya (Summarization of Data) HAiade ﬁhLﬁmmummgm (standard
deviation) mm’ml,%‘ﬂﬁuﬁ?fﬂﬂ@z 95 (95% confidence interval)
m@ﬁmu@%zg@ (Data Presentation)
14m1914 (Table)
WA (Bars)
WNUHWNNAN (Pies)
NIMNAFBLANNAFIU (Hypothesis Testing)
1. Describe fidnfaulaganisaia inclusion criteria 1A mean, minimal Wag maximal
2. URHUFELAN PTH, Serum CTx semdnntslinaiay nétenmns 2 b uas
feuueU A uaAnFAeiuvTal
- @i difference ~ normal distribution 1 Paired T-test
- 81 difference abnormal distribution 1 Wilcoxon signed Rank test
- 1% MC. Nema X°

3. wadnaAseaInnIsFulsnuenuAa@ian azairsziliu percentage |, frequency

v
Y aa o

ns @t Enanie 19llsunsn SPSS 10.0 for windows
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Tuszninalmannsidglsdn compliance @9n1s5uLlsEnuen TuusazdisrenisAnen
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a

SUUILNULAALTHINLATNUAIANNT A9 ViFanauuay Wnuszaznangasdlniif ndsaniiuanaas
dumflutosnaeaduscay wash out  uazlugdosianaeanisdng fianlasenisusazauay
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Paired t-test WAZLAAIAIANAIATUNINADFAAE 95% CI 7 P < 0.05 199N198AAT8932AL PTH
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pananslunsei 10 (lauansdiayanesfsaniasanisisunninauans
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N5 LRk ARLT NS N Paired t-test (1)
LIRIF 9] g
NANWAIAINNG 2 HD NaNNAUUAY 95% Cl
P value

PTH levels Mean + SE Range Mean + SE Range Lower | Upper

24.00 u. 2999 +239 | 1236-77.03 | 21.12 +1.99 6.69 - 70.50 5.99 11.75 | p < 0.001

2.00 U. 30.77 £2.96 | 12.55-97.24 | 23.68 +2.21 6.01 - 81.96 3.05 11.14 | p = 0.001

4.00 u. 33.38+3.07 | 13.15-108.30 | 25.64 + 2.49 8.62 - 89.68 2.97 12.52 | p = 0.002

6.00 u. 3357 +279 | 1467-9567 | 30.26+282 | 10.63-10550 | -0.73 7.37 | p=0.106

8.00 U. 3329+252 | 15.05-93.98 | 28.60 +2.46 12.61 - 82.85 1.01 836 | p=0.014

9.00 u. 34734281 | 14.86-82.80 | 30.88+ 2.39 11.93.- 82.73 | -0.11 7.81 | p=0.056

17.00 u. 33.93+297 | 13.35-100.80 | 35.83 + 2.81 15.76 - 85.63 | -5.64 184 | p=0.309

19.00 u. 37.46 +3.37 | 14.94-100.50 |~39.71 +3.31 | 12:48-104.60 | -6.38 187 | p=0.275
CTx level

8.00 u. 0.313 +0.027 | 0.046-0.816 | 0.227 £0.025 | 0.010-0.617 0.06 0.11 | p <0.001
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