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Biochemical Markers of Bone Turnover

Deog-Yoon Kim, M.D.

Department of Nuclear Medicine, Kyung Hee University Hospital, Seoul, Korea

Abstract

Biochemical markers of bone turnover has received increasing attention over the past few years, because of
the need for sensitive and specific tool in the clinical investigation of osteoporosis. Bone markers should be
unique to bone, reflect changes of bone loss, and should be correlated with radiocalcium kinetics,
histomorphometry, or changes in bone mass. The markers also should be useful in monitoring treatment
efficacy. Although no bone marker has been established to meet all these criteria, currently osteocalcin and
pyridinium crosslinks are the most efficient markers to assess the level of bone turnover in the menopausal
and senile osteoporosis. Recently, N-terminal telopeptide (NTX), C-terminal telopeptide (CTX) and bone
specific alkaline phosphatase are considered as new valid markers of bone turnover. Recent data suggest that
CTX and free deoxypyridinoline could predict the subsequent risk of hip fracture of elderly women.
Treatment of postmenopausal women with estrogen, calcitonin and bisphosphonates demonstrated rapid
decrease of the levels of bone markers that correlated with the long-term increase of bone mass. Factors
such as circadian rhythms, diet, age, sex, bone mass and renal function affect the results of biochemical
markers and should be appropriately adjusted whenever possible. Each biochemical markers of bone
turnover may have its own specific advantages and limitations. Recent advances in research will provide
more sensitive and specific assays. (Korean J Nucl Med 1999;33:341-51)
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Table 1. Biochemical Markers of Bone Turnover

Formation markers

Most efficient markers:
Serum
Osteocalcin (OC), Bone alkaline phosphatase
(BALP)
Other markers:
Serum
Total alkaline phosphatase (ALP)
Procollagen 1 extension peptides (PICP, PINP)

Resorption markers

Most efficient markers:
Urine
Pyridinium crosslinks
Pyridonoline (Pyr)
Deoxypyridinoline (Dpy)
Urine or Serum
N-telopeptide (NTx)
C-telopeptide (CTx)
Other markers:
Urine
Hydroxyproline
Hydroxylysine
Plasma
Tartrate-resistant acid phophatase (TRAP)
Type I collagen C-terminal telopeptide (ICTP)




g A0 glor Fehal i FAeduE 92
A& (pyridinium crosslink) 2 A= FelAlol| A
AZAE . F9E N-gxish(N-terminal  telopep-
tide, NTX), C-=ehelul(C-terminal telopeptide, CTX)
o ATATe 28 AL Welz fsde] &
a0 2 AALKFig. 2). 71Adlle F2hAll ojsloll®
T}ohul A (glycoprotein), proteoglycan, T-carboxy-
glutamic acid (Gla)E Z3s+ v]Za}Al gz o)
9 28] 9 &Y (osteocalein, OC)o] &gk} oA
o] ASNAEE AN F BFoh} Aoz

2oE FhAel ASRINE 343

Z5E we PANES S

rir

Aol

%]

ETNE

Ha F2 o] ¥HE FFTFAEE Table 29} 7
o}t ZAee SlEBAILERS) 8 F TR A
= ubio] #AZRE] o] g=lo] ghor) W o]efe]
g7 zF% =] glom SAE AF el dgk
& wol FEFE A dtedelA] F3) s=FAL
23l vl AL SR 3 G4l gt A%k

f

N-terminal extesion*
(PINP)

L

Procollagen

NOU e
|

Collagen

Triple helical domain : (PICP)

I C-terminal extension

Fig. 1. Structure of the type I procollagen molecule. The amino- and carboxyterminal
extensions (PINP and PICP) are cleaved off during extracellular processing prior to
the inserion of the collagen molecule into bone matrix.

r Collagn fibril

Fig. 2. Schematic presentation of pyridinium crosslinks (pyridinoline and de-

oxypyridinoline).



344 The Korean Journal of Nuclear Medicine : Vol. 33, No. 4, 1999

Table 2. Available Assays for Biochemical Markers of Bone Resorption

Analyte

Free Dpy

Free Pyr and free Dpy

Total Dpy

Cross-linked N-telopeptide of type I collagen
Cross-linked C-telopeptide of type I collagen

Method Assay name
EIA* Pyrilinks D
RIA Free Dpy
EIA Pyrilinks
RIA Total Dpy
ELISA Osteomark
RIA CTP
ELISA Crosslap

* EIA, Enzyme Immunoassay.

g sl EFAEAE o] &3] Heh 24 ¢
Az} Baslg et o FARE oz 2t
Aoz A Al o]§EE W Yot

A 10 Polls kA A4 Aol dAshe
gdug dBAEe] FA0] 7 788 5T
AF2 dHH AT Auug dRAET
Ag=E FepAl §2919 NTX, CTX7} 4704
71 o] go] Z7helE Aol 1, ofE] FEFFAEL
H]32QT Fo] PuksbAl ZE 3L glo] oA X7}
THEFS b A Dol EA dlele} sge] L
Aoz 7tk

fie o> fd

1. Z maiciUg A= (Urinary py-
ridinium crosslinks)

Az Aa=io} AELA7[ el FH== F2bdl A
G telopeptide ol YxIstE 2l | =24
24 A7elA Lelsl s FEHEE Soll el AT
zo] QANES YHYoRH FrYoR dRH
o o RS
pyridinoline, Pyr)¥} deoxypyridinoline (or lysyl
pyridinoline, Dpy)s] ¥ ZF7} &8 AN Zol
Q&) ZapAe] w2 uf) F7)PERE feElso] 1
2ok Adielde aAEA] ke GEE A 9
3 widsiEd felde] 40%, SEl= AR o)
60% 5 A 2/3 o]4to] 2 kDa ofshe] A2 &
zteolet? Dpye Mol Aoldollat Easte o nlst
o] Pyri= W ol 2ol % lth, T4, & ol EAlel=
% Dpy7} ZUAE T Soldez uledach™® w

2 pyridinoline (or hydroxylysyl

oil4] Pyr/Dpy9] B]¥ 3.5:10]% ThE ZF e o]

Hlgo] 10:1 oo Folxick webd LWl W
Pyr/Dpy} Hl7} wis} wl&et Ameby 9 slev]
Ug dAAgo] FE wolld fuEliee 4
Ak v FAIHA Pyr/Dpye vl= 2:1 A
52 zong I9&FF 2 Al w o]
o] =AellA] el Pyrd] 35 slop ¥t
UL AlfellA] A=A gk S4ezh
Bl FFEAE &) wiitol 3| =5AIZE]e] vt
o] TUAE FolH e ubeddiet '
2% Feldug dZAEL HPLC (high per-
formance liquid chromatography), ELISA (enzyme

linked immunosorbant assay), RIA “(radioimmu-
noassay) SO EREh HPLCE $el87 )
£ ARRE 25 A9 & deidved SHes
Aol IR 24 Hhile] WATT YAY EF
35 2737 wfEell 2 ol ELISAL} RIAE o]
23} ulo] =2 A&l HPLC9}F ELISA, RIA
Aololle Aol vt FEE(r=0.67-0.79) %8 F
2 A% (r=0.82-0.97)9] AHABA} Himw 2T
MARAYSE B AUBAT vebaek” By
po WelZAYe fYe Aciuss S
ol Dpyel A% 2% Pyrskel ARGl 1%
slgol s HElE AYPIE W36 ghor] 23
W(intrassay), 24 7t(interassay) HlolAls~= Zhzt
10%3} 15% olstolet.™® Z2itulge) FAXE o
Zd = (diurnal variation)o] lo} A IXHE] o}
g2l Abolell HwAoll ol =3 2% 24158 W 114
Aoloft HAXE LR, 16~26% XS] AU
#3Hday to day variation)® B gt welw D



o] 9% 5Ee) qiwslo] AEAHY HIE Aol
AgHel o BA AR i oA
ob A WA}  wlAl A, 24417 & Aol
ARIAE hS Fo 0 weha) 7 ARl
W e Aug 4 glom 2HTels M of
A % A £ne ol gels A97) BTk AL 2

\A 79744 BAe 4 9l HPLC AAE

E3t AdFtell A 20 TollA] 18MYAA S QP sl
108 Ay i Hole A& Rl 3]
ggFo] Gleh'™Y Lvie) Dpy= ZARA, A9
A ool o8 s Rk FHA gk 147
e Auigaells Alstes AFE ok
ZA ol wE FFFE bedtte AR
o7} glont A F BrhgFollAs 2
ol vlsted 2~3u) A FA=HT &
Folle ARA FHZ Eortnl,'Y vl AELF|
E 2o] FEXE FollE $X7} A&y o]
ol BN EEAE" AN ERRE T
2} 7ro] Fefxlgol F7hE FAtelA A A

d FoAEe] ABRAE F

{
p 00
3
2
o

%

|
Eéo

~=

o
il
Ry

=
o]

i

N
"y

i,

b
)
B
A
ox

A,

2. = N-Ycictuinl C-Qetehl(Urinary
N-telopeptide, NTX and C-telo-
peptide, CTX)

Fepdlo) Felvy g3 ARAEE A F
o HEo FupA Fz9] okEdl v e U §
9] sle]l= & NTX$} CTX o[tk Fehalle] AlAs]
7 o] telopeptides A Aol 213 AA|o} vdollA
Feltyg AAAEy AgHE FglE At
NTX = 3bZA|Fol| 23l Fepallo] Fal=wA] QY-
DGKGVG sequence® ZHe AAA & Agd &
B12] a2(1) telopeptide s G2l A7 =l A A] &
3 Ao wiAR) o] Beet Adels vY F
2 GAETEAE o] £ ELISA W& o]-&3}o]
THS ARE 23 vyt A=
YA 9L telopeptide 2] AF-EA- o, FEld] I
e, glelvEele] 2|(residue) ol Hk-gsh
2 ekerh’ Zgeleld X2 BAo] asin H4
7F 2R W wHolAles 242 10% o ols

)
e
B:)

Kim DY. Biochemical Markers of Bone Turnover 345

g% 20 nMo|u}?

CTX ) &AL al(1) chain®] C-telopeptided] &
A= EKAHDGGR sequenceol] tgl ohA|Z 38+
A SYAS ol &AL 27, 2R W HolAlF
= 10%9} 13% ool Z1EHIZEEE 0.5 pg/mlo)
o} NTX ¢} CTX 25 Hetyg3 A48 45
M3} glom@ oA 104] Aol FAH A WA &
o s WS A o] &3 A WA, 7
WA 4 5l 24417 Aol FAH NTX ¢ CTX
Aolollis ABATL vl Eoh HTells Aol
A NTX$} CTXE FHAsh: PHE 4=
ok #737) oi4ellAl F4% NTX U CTXE 3
goug 5 ohE TEFFA R vzt AAEA F
7tslo] Qlom oA 5 EFTAAAl i
wj-$- wlzkslAl ke Bv
ZAE Wol olfEl= BAEAFYe|EX|Fo| o
3 o2 FUAAERC} 27)of RIZsAl uke-g
Bl 1~2vd 3] I % wishE yedsivha 4
A A A o] go] Erlsl Falloleh T o
2 ANE o2 TEFALEY FEFE B 5ol
slA wbedahg AlARg e Bl AE ATl E
287} FFAE 2gt Fepdl RBallAgA] feld
3} ZAgte el yelEale] vlgeo] NTX F4o &
glsl e wtslo] So|wrl =& ZAF Holx 7
o Wolut WHEE glow o]oll el o] @
£ Qe Red Ao AAHY T 754
o]4ke} ol4) 7,5987-& iAo E Al¥H oittR <
Jel EPIDOS ¢itell4 BALP, OC, Dpy, NTX,
CTX7} gl E AL AT & derts [HEs
At Dpy$} CTX7} AAele] 1EF84 ol
2 ZvkEs A PRl 190 22u %
Zrbslgiek. e o2 AXES FAe B
A A 5 Yk 53] TUES T-score7} -2.50]
slel Fv}gF @AtollA Dpyed CTX7b 1EFH%
o4k Zrhsl diElF FAe] ARt 413 498

FZelo] TUEe FTUAAZE | o] &8 A S
o

5| 2 2eHEE A

|

2R RS 0 e WA 4 A A
o2 vepgeh



346 W3l A]: A33 W A45 1999

3. g3 18 Sl C-YUCF ULl (Serum
type | collagen C-terminal telo-
peptide, ICTP)

eHyg dZ4AE2] C-Eehi-2] telopeptide 2
TETA ol feElso] vk dlolA oAl
ET EHE o) WAHASEHeR FHY
ot w7} opd o8 Eble] Eallell M E A
Hug FF5E dhedsle S|kt Yo 44 ¢
Aol A o] Ao 7ol u|HA Ei. #A F o
AollA] ICTP= Aol vlsto] 20% == Zulsl
Al Z7H RAEolH o AEZAONL HlAF AT
o]E Foll wlm|gt wishE vehch

4. 8 FMAMAKNEM  AMITALEA|
(Plasma Tartrate-Resistant Acid

Phosphatase, TRAP)

2439 ABATE 2F HEE Pulslol BF
J

FE dovled o F AYELIABAE Eulh

AR ELIAEA T IFEAE 2ol = A4, P4,
Y, v Foll LA BliE AAZ o34
ol FalEl EASELAlE L-tartratecl] 2jsia o
A=A gtowmz TRAPo|EtA ¥l ulelbal TRAP
< ZAsH FFHFE SolskAl widd Aoz A7t
v FAH A ERAT €A el 24 o
AAZE EABEA e HHZA o] TRAPTHE:
EolalA utedslr] Felr] wliEell o457} Y}”
TRAP & F}FN TS E£d A (isoenzyme)ol] thah
DUAET FAE o) & MEE WATH AT
MaE Qs f84o) 7=

MR E

FPAA Folle FLZA EAIE(total al-
kaline phosphatase, ALP), 504 ¢zl T~
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Table 3. Available Assays for Biochemical Markers of Bone Formation

Analyte Method Assay name
BALP IRMA¥*, double antibody Tandem-R Ostase
ELISA, single monoclonal antibody Alkphase-B
Bovine OC RIA, polyclonal antibody Bovine osteocalcin
Osteocalcin
Ostk-PR
ELISA, single monoclonal antibody Novocalcin
Human OC RIA, polyclonal antibody Human osteocalcin

Intact human OC

Intact and N-terminal OC fragment

Intact human OC and N-terminal
mid molecule fragment v
PICP RIA

ELISA, double antibody

RIA, polyclonal antibody
IRMA, double antibody

ELISA, double antibody

IRMA, double antibody

Osteocalcin
OSCAtest osteocalcin
Intact osteocalcin
ELSA-OST-NAT
Human osteocalcin
Mid-Tact osteocalcin

ELSA-OSTEO

Procollagen PICP
Procollagen-C

* JRMA, Immunoradiometric assay.
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1
Intact osteocalcin 36 %
1 R R R R 49
Fragments
1 43
N-terminal-Mid 30%

1 19 20 43 44 49
N-terminal 14% Mid 15% C-terminal

20 49

Mid-C-terminal 5%

Fig. 3. Circulating immunoreactive forms of human
osteocalcin. The fragments shown on the
diagram can be released in vitro by trypsin
digestion.
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