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MG IP5~8 MG~ Thi~2 h2~3
B(A) 61 61 58 59 57
&(A) 50 49 48 47 48

BRMOLE; * p<0.05, wkk p<0.001

BRI OTERIOCEICRTHEI TH D,
NEREOFIEY, REZEORBYE CERITE
& LTfrbh, FEROFEEIARAR L ORES
HOEEC L Y RE B

F1 BRE~ - —AERR

B ' % W
B-ALP TR-ACP
N (BLU) N (BLU) N Hyp/Crf(mg/gCr) N Ca/Cr*(mg/gCr)
BF 4 — — 60 237.9(1.206)° —
MN5 50 6.141.8 j* 53 0.92:0.18 59 239.6(1,289) 59  91.0(2.022)¢
/N6 57 7.6%£1.9 53 0.8610.1531 58 9244.0(1.293)° 58 67.1(2.707):,*
Frl 52 7.8i1.93:}* 52 0.94i0.1ea]* 56 228.6(1.284)® :]* 56  83.4(2.428)
3 48 534200 48 0.76:0.192 53 122.7(1.545)= 53 76.2(2.494)
ZF h4 — — 51 274.0(1.368) —
N5 40 6.7¢1.9j* 42 0.89:0.19 j* 45 261.4(1.267) j* 45  62.8(2.356)
/N6 43 5.9+1.9 ar 42 0.6940.19 44 186.8(1.474) mr 44 71.3(2.050)
1 47 4.7%£1.9 ]* 46  0.68:0.19 ]* 46 144.7(1.513) j* 46 83.1(2.014)
3 44 21407 44 0.49:0.10 46 67.0(1.398) 46 89.1(1.568)
EERA 28 1.0%£0.3 26 0.360.07 27 27.2(1.413) 27 179.9(1.581)
B-ALP ; Bone alkaline phosphatase

TR—-ACP ; Tartrate resistant acid phosphatase
Hyp/Cr ; Hydroxyproline creatinine ratio
Ca/Cr  ; Calcium creatinine ratio

t HATHiE GERIERERE), N; AR
*; p<0.01

a, b, ¢; WFIINTHEE, a:p<0.001,b:p<0.01, c: p<0.05
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2. REHZE o
1) BRE 3) FEOWE :

FHED 4 B CERNCIIE T 5 H K,
FEOMEEFIHL, hic t FRlOFROM
' (Height Velocity; HV) ¥ X OEEHINE
(Weight Velocity; WV) ZEE L7,

2) EBREEEONE :

MEEFRMTAHI Y7 4 A7 » & —+ (Bone
Specific Alkaline Phosphatase; B-ALP), mMmiEWHL
FEPEH MR 7 + A7 » £ —¥ (Tartrate Resistant
Acid Phosphatase; TR-ACP), JRAfi-~A Fr¥f
7w Y v (Hydroxyproline; Hyp) 3 X O IRA»
N7 s (Calciumg Ca) OEE 43I5EYREIS &
e, INTRRFHyp DA, Nohbrd
¥ COZHEE LA 3 TR & MR OB 2R
E Uiz,

B-ALP % Rosalky 13 D i B9 % Tz,
BB F30.2 BL 7 (BLU) Th -7,

TR-ACP EMitp-=t v 7 = =1V VigHE
B @7+ A7, BFAMya—) kb,
WAMEAET CHIE Lz, HIERR$0.01 BLU
ThHote

Rrf Hyp 13, R#% 6N EEAEAME T115°CC—if
B a3 e, W & ORI L,
Bergman & Loxley #2102 # UC B & Ui,
TR F4Z0.1 pg/ml TH >z,

RFCalto2z VvV —nAvivtyv . avsy
¥V VEREY, 7 Vv7F =y (Cr)ik Folin-
Wu BB X b & 4« BB #7258 (Technicon #1534,
SSR-XT) &#HWTHE LIz, K7 —233C
SCrlk (1gCr4feh) & LTERLL,

MBPEFR R L, B o s
—80°CCHAERTE Lico ¥ 1o, RTEMA DR
1B BRI — R & FREX L —20°C CIRfsE R
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T T o T,
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DOBEERE LT, FHDLBLFNCHRE Ui
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—PHEE FEERAE (RFEE) & UTHRL L,
R E TOFED B30, 40 FBF O Hyp/Crid
FER T L EBEXRED LN - TcDTY, B
HfED < — o — OFHCH LT Z OfERFIE L

RO R\ HFHE BNELERE Achilles (Lu-
nar #H) &AW CHEBOBEREEEE (B
T S0S;m/s) LBHFWHERE (LT BUA;
db/MHz) ¥ b, Zhbofl, B XOFHETK
Wt Stiffness ¥ BEEOIBE L Ui,

BEREOHEIRALLOEKEYHTHH L &
3 o2 [EER L, WEICL 2B D Achilles %
R L7, SCBROBEF =« v 7217\,
¥, EREEEBEDORD, ZOERYED 4
B OB U 4 ADB#E 1 BT ORE L
R, ooV EBRED) 132.9% TH ot

4) Ty — LA

BRI HDRAR T vr— MR LER L
foo FEER L, HoRMEEFERORESTR
JE, IREERE, BIREREThB, FRMER
FEEOHE WL, BFIRTRER LOB
WL, TR LHE L.

5) RETFHIME

R OERB~ — 7 — IR ERB S AL R L
oD T, DT ORI BERMESR FV i, 2
BEM 0 SPHE D I i3 R E & Tkt e d %
HlRE %47 - 7o PHV 38 X OE kit #h 2 2
i Ul B R~ — 2 — OB EBE O SRR O H
1“1t ANOVA % F\», Bonferroni ® 4 & HIK K
ERRA L, BEAMILS % & L, Hztam
WATHE Sy — Y 7 b SPSS i b UM HAL-
BAU % B\ iz,

I & xR

. WREOHV BLT WV

M1k, &%440 Y % PHHE s EEFEET
R LT MEBIVPNSOHVIIELTHRIFX
DEBICKTH o, N6 TIRBFVEELD
AL (p<0.001) DKL, TFIIRFELD
WA Lick®d (p<0.001), BicfcHV LR
TR ot P11 T, BFRTeam Bk
DO HV 2R LIOER LELF T 3em &g D,
th 9 4 FEIEOHEAIFEC CHBLEBIEbIRIEAL
F o

WV I HV EElo~x—vERL (K2),
IN&, NS TRETFOHRH, 6, A1, H2T
BBFOHPARBLEKTH -1, ‘



50 Fa6k HAAWE HF15 SER114E 1 A15H
B2 AKREHEN WV) OB Fx2 FEROMOBRFEREOBERH~— 7 —WEM
s — LEEHAAT B R
10 - Kok B F i Z F e
*
g L * ok %gf%r)’ 8.6:£1.7 8.6  7.7%17 7.7
6 | * %gg@?P 0.97+0.16 2.7 0.92+0.15 2.6
4 I({ngfgéi) 201.2(1.172) 10.7 298.3(1.204) 11.0
2+ Ca/Crt
- (;g/gcr) 59.4(2.939) 0.3 55.4(2.264) 0.3
°r —-%F VBTSN (TR

IM~5  ING~6 )6~ Hi~2 Fi2~3
BRI K # p<0.05, kk p<0.001

2. BRBEEOREE(

£ 11 6 FEHOBIHE P IE LicB RS~
— % — DB X OEREFE LT L,
B Y SRR T T 5 &, 1fifE B-ALP
EEi, BFCi/hs L ohe oihiEEc LR
L, B 1 CRAELTR L O0d 3 CriiEod
1 X O EEE I oo, F/N 5 T Cl iRl
TR L, CORIBEERCET L, Bl
HEE Lz b o h, WEBBO/N S CRBLHE
ERRD I o7y, N6, 1R L0 3 OE
FCTHhSBTRLT X 0 BELR UEFEC
HELOEIIEA L, ¥z, 3T iriifH+
HIEDOME (2.1BLU) R LA, BERA
(1.0BLU) tMRhEeB 2 EOBETH
(o) fco

i} TR-ACP &tk 0 4EM o e cix, BF
DIEWAEIZ/NG, NoRBBELRDI o
25, 1 OfEIVNG X b ER L 3k L im N
BECET Lz, TFI/N5 i~ 6 THEI
ET L, /Nenbf 1 ORICERoh o bl 3
TIREOP 1 LD ET L, ZOE, /5Tt
BREERDI ol b OD, 6 DL
BFrEEE b E Ule, &3 LT O
BEE D P CIERED0.49 BLU 7R L=, &
FRA (0.36 BLU) WX ERCEETH
=7z (p<0.001),

ME— /N 4 5y BB BHC & S R Hyp/Cr {12,
BALAHFD /N 4 DIENSF, &rF & DIEFEBRAD
10f5T B RE CHRIE S hi, BF O Hyp/Cr

flvx, /N4 DEL b1 ¥ Ok L T200 mg/gCr
PlEOBRBEELRE L, #3200 mg/gCr LLF
AR T Lico —RFTiL, /N, /poit e dic
200 mg/gCr LA E& R L7chd, /N6 Tik/N5 X b

BETL, ¥br/h6kvdl, b1 X
SHMEME LR LSRR, /D6 LIFEIR200 mg/gCr
BTFEisotc, Broliic Xy, /Mt To
FHH, 6, 1, h3irwTFhiBFosRE
ReEELR Lic, MR EMcELhich
STFOME (67.0mg/gCr) b, EHERAD27.2
mg/gCr L% & 2 5L LOERE Ch B = &
Do T,

R Ca/Cr i34 o A4l ~ — 7 — L E A
#, BFCRPHVE (h6) wi/IMERRL
Too EfC, /N5 RERS FFE OIS, HIR
R—EOBEL R LI otc, BERADTH
Ca/Cr fEI3#7180 mg/gCr TH - 7o, S EI% &
& L RE DR S Ca/Cr it vy 3 100 mg/gCr
CEET, RADI2LTFOEMER LI 21T,
OB ARFHFRENTRTRA X D BEER Uik
RETHER LT,

EFED Ca/Cr B SED~ —» — %, PHV
TRAEER LD, TOMEMOBE L~—7» —
WEhWREDEEZ bR, £2C, #BinRylk
BT BIDFERA L ORI RY RD T (E
2o ENLBLIL L 51, BitwTFhieknwt
by, BEOEREYR LD Hyp/Cr (BF
10.7, &F11.0) ‘TH Y, B-AIP, TR-ACP, Ca/
Cr DFRITEZER & 75 - oo

3. BEEOE(L

X 3 MR B RE OB ER L, 1 B%E
Y Stiffness 23 B7-89.7, ZF91.0°C, SOS %
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3 FEEOEL
Stiffness SOS BUA
FyLifEEE /s TFHRERE db/MHz  FHEREFEE
120 ¢ + 1600 * 160
110 b 140
. 1580 | 120 |
1560 |- 100
90 | 80 |
80 L 1540 + 60 |
70 + 1520 + 40 | -o—FF
20 [ —-o—&F
80 L {500 . 0
[ L3 Y & g f
1 3 1 3 1 3
BLEMOLE,; +p<01
%3 HEOMOE Bascline BOFRE < — 4 — L OEBR
. 5 F s F
HEOMD
B-ALP ~ TR-ACP  Ca/Cr Hyp/Cr B-ALP TR-ACP Ca/Cr  Hyp/Cr
b~y - - £60] - - - [49]
I 5~ 6 0.600%%*  0.617%%  0.040 0.790%** 0.403* 0.338% —0.197  0.536%*
{50] [53] £59] [59] [39] [41] [45] [44]
N 0.485%%%  0,402%*%  —0.399%*  0,656%** 0.716%%F  0.766%**  —0.130  0.751%%*
[541 [50] [54] [54] [43] [42] [44] [44]
Hpodhg  0.263 0.300% —0.085 0.533%+% 0.704%%%  (.716%** 0.070  0.824%**
[521 {521 [56] [56]

[46] [45] [45] [45]

* p<0.05, ** p<0.01, ¥** $<0.001

%1558.5 m/s, 1558.2'm/s, BUA #3110.2 db/MHz,
112.1 db/MHz & B3 iE@ v S OENE SR
MET AR h o, L, B3EHTO
Stiffness (96.7), BUA (118.8 db/MHz) T 1 X
DERECEML (&4 p<0.001), SOS (1563.1
m/s) dEMERERLE (p<0.1), —F, XTF
T L BUA (115.7db/MHz) 1% # fm L 7= #
(p<0.01) Stiffness (91.6) ®iTZ LA Vs, SOS
(1552.4 m/s) TIAET Uiz (p<0.01), £ D
R, F3FBE OB RE Stiffness & SOS D
MECETETAEWEEEZ R L (p<0.1),

4. PHV [C& 2 RIEEORAEL

1) HVEIUVWV EERE~—»—0B#E

< =N~ EHROFEE L OBBEYBRRT 50
1=, HV & baseline B < — & —HIEH & OHEES
PR RDFE 31TR Lic,

B & B2/ 4 baseline RO R # Hyp/Cr &/

By FEBAGREL TR A

4HVEIEFRREMEBEERL, /N5 D B-ALP,
TR-ACP, Hyp/Cr 3K 4/5HV L HERIEMH
B R LT, /b6 Ciikid 3 ilme CHii
BFCCa/CricERLADOHBEXHA L, &
licie s &, T 6 LR—EECR CERO
EELBERBED BRI, BT B-ALP O
BARANE 4 L TR-ACP, Hyp/Cr & DBRD 23

ﬁofco ‘
R WV L oBfREHRANE s (Ee),

BT h b4 @ Hyp/Cr E/N4WV & DB
RIIEECitied o7, LL, BFTCINO
B-ALP, TR-ACP, Hyp/Cr B EERIEMHBELYR
L, 76 ® B-ALP, Hyp/Cr 2’ IE®D, Ca/CrHH
DE 2 BEIHBELZR L, #1 T B-ALP ©
SZIEABEYE L, BTFIN4E DRI T/NG T
LN~ & WV ECHEERBIRA L, D6
TH®HT WV & B-ALP, TR-ACP, Hyp/Cr iz
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=4 HEHEINE L Baseline BB < —» — & OBIE
B T
(A *x T
B-ALP TR-ACP Ca/Cr Hyp/Cr B-ALP TR-ACP Ca/Cr Hyp/Cr
N f~N — J— — 0.161 _ 0.172
h i [60] - [49]
Al 0.438%*  0.382%*%  —0.029 0.420%*  —0.260 ~0.050 0.155  —0.073
o~ [50] [53] [59] [59] [39] [41] [45] [44]
s 0.420%%  0.241 —0.274*  0.368%* 0.377* 0.307* = —0.114 0.334*
6~ [54] [50] [54] (541 [43] [42] [44] [44]
N 0.398** 0,233 —0.003 0.255 0.205 0.335%  —0.178 0.321*
1~ 2 (521  [52] [56] [56] (46] [45] [45] [45]
* p<0.05, ** p<0.01 B HBIRE T AH
H4 BTFOPHVEEY 0EL Lo~ —) —0OHR
[ 1A%
@ iEB-ALP @R $Hyp/Cr
BLUnit EyREERE mg/gCr TiHLHEEE
vl o 1000 5
™ -
10 ¢ i
8 L
6| 100
4 L
2 I
0 A [27] [4?] {411 (s8] [18] [1‘9][{3] ] 10 [161 [30] [51] (65 [40] [411 [19] [221[3] |
4 32101 2 38 4 4 321012 8 4
EE EE 8 F EE& S S EE F 5 & & 8§
LUBE VSN ® B %k ® B oW BT oM ® R B %
@ #TR-ACP @R %Ca/Cr
BLUnit SFiSJ iﬁfﬁ(ﬁi mg/gCr -‘Fﬁtﬂ&ﬁ%
1o - 1000
L
1 b ™
08 -
06 - 100
04 +
02 + =
o L. 18102611441 (411 [38] [181 (18 03] 10 [16] [30] [50] [39] (411 [19] [22][ 3]
PR - P
BTOBT AT RN *® % BB BT A AT A ® %%
*x p<0.01

EHEERBbI, 1T TR-ACP, Hyp/Cr &
EAHREA B U,

Do s — 255, 1083 T, HV I
B-ALP, TR-ACP, Hyp/Cr LIS RFECHE
IRIEB AR TS, WY EOFERBRE—H

D=7 —OHZHBT B Z Loz,
9) PHV4ERK 0FEL LeBR#~—-»—0
iccvi
HV &~ —7 —DOBFRLRFT 500, &EA
i PHV Bk 04 & LTI D~ — » — QU
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7wy b LE LB bR,

BECi1 B-ALP (H4-O) 3 LU TR-ACP,
Hyp/Cr (K 4-®, ®) »\Fhd PHV TRK
Lig 0, Hyp/Crit x D#HET Licht, B-ALP
& TR-ACP (3 2 SEH ¥ TE VA THR L 34
BAETF L, Ca/Cr (R4-®@) Zhbois
B L3Ry PHV TR/ E T B E LR R LI,
SEHIC L b, B-ALP % 14ERT & 04, 24F
HESFEHBOMAERELYA L, TR-ACP L2
FEHh L 3EBIT, LI Hyp/CriZ 1431 L0
£, 04E L 155, 1EB L 2E%, 24K L3
FHRCEREN M, Ca/Cricillfid %54
I COEILIh o,

#F B\ Th, B-ALP & Hyp/Cr i3 PHV
TRAMELY T LA, TR-ACP L 1 EFCREK
LB EALD - (M 5-DO~Q), —F, Ca/

#46% HARAERE #H15 53

or (M5-@) BT ELRBPEPHAV RN ED
FlrRLic, 2EEEfTo b2 b, B-
ALP & Hyp/Crik Wi d 0405 4 FH E T
BEABRETEMRL, TRACP X 04 L 14
%, 1FR L 2FEBOMTERENAD NI,
Ca/Cr (L#HE L M TR 5 T,

3) PHV LBHE L ORBMR

PHV L BEBEEOHAOCBRY BT D,
£EAEC PHV a1 L 3ROF
wEOTEBH L (K6), ANOVAK XD,
B FC% Stiffness, SOS, BUA D\~ 3 PHV IC
B Ut b MMmEf 2R L, &F Tt Suff-
ness, SOS K BB LEBLRDLNIT, BUAD
AWM LTz, LivL, TOREXSETESART
o,

E5 ZFoPHVIE#E 0FE L Lice—h — DR

O iEB-ALP

BLUNit
10 ¢ *

8_.
4
8| Aok
—

. [1109) f24] [40] (37) [281 [151 [19) |

3210123847%5
EEEEFEEER
LU R VR - - - -

@A TR-ACP

BLUnit R ERERE

1.2 *
I ™
' —

08 r
06
04
02
0

| [2108)25) (40) 71 271 181 [180

3210128 45
FEFEEEEEEE
BOW R %% % B &

% p<0.05, *+x p<0.01

T RAEREE

[ 1A%
Q@R ehHyp/Cr
mg/gCr TSR RE

1000

-~ L
100 | \é\r

[ 2] [10] [25] [45] [44] [36] [20] [18] [19]

3 2°1.0 1.2 3 4:5
EEEEEEEEE
EAEEEEEY

10

@RhCa/Cr

FHEARERE

100,&1"{]’]’1‘




54 Hack HEAHR F1E ERLL14E 1 H15H
6 PHVE#RY 04FE LoEREOHY
[ IAH
BF Stiffness SOS BUA
0 - ANOVA p=0.001 1700 - ANOVA p=0043 o . ANOVAp<0.001
1660
120 | 120 +
100 + 1600 |
1550 | . 100
80 r 1600 | %
1 [12] [14] [32] [16] [20] [ 2] oy -
40 ) 1400 I B
i 0 1 2 8 4 & 1 0 1 2 3 4 5 1 0 1 2 3 4 &
g R F B F F & £ OE F E F FOE £ OE E O FE F &
8 % % B % ® i % % % % % B % % % % %
RKF Stiffness SOS BUA
ANOVA p=0.283 ANOVA p=0.74 =
120 - ‘ P 1700 OVA p=0.745 % ANOVA p=0.029
100 - 1660 120 b :
80 | 1600 + 1o v
90 |
-
20 70 f
oL [ATOIDsIs T 9] 0 [ l T
1 0 1 2 3 4 5 1 0 1 2 38 4 6 1 01 2 8 4 5
g B B O F & B F £ £ F F £ £ OFE B E F F 4
#i % % % % % i % % % % ® B % % % B B

5. SHRMHIC L ZRAEEOELE(L

1) FBRMEREE R
Bkt 5307 v — FREE
T, BFRIK TSR L OBEHRERRY, T
VI ABERILA BRI Lie, BETORER, BFORT
KB B0 36N (711%), LT T15A
(29%) TH-oTed’, BEFMFEEILS0A(98%) 1 “FH
D" L2 “ELIZIAN Q%) DATHoT,
TFIH 3 TIRERBAKE “Bh” LEE LK,
TURBEFERORIIE, BT R TRELRE
EThEF2 (9N, 31%), BMREELIFEL
FTHEF I BRZETHY (A, 32%), #HER
LVERLHERTE L L b oTe, BT OWE
W6 TORERR DL (I8A, 35%), F1
(12 A, 23%), /N5 (10N, 19%) D 3%FE &k
LT,

2) BTRMBAEREY 0L LicERH~—
— DR

AR O BURRERC A2 5 IR MBSk R

BF CIIRMAFEOFLE, TF CIAEFROFE
FLL, ThX0FEE LTEELLL~Y—D—D
et iz,

BF Ik M BFERATL B-ALP, TR-ACP,
Hyp/Cr 235 ETHR L, B-ALP, TR-ACP 13[&
BREOE (M7-O, @) &, %7 Hyp/Crik
FRED 1FH (MN7-Q) CRKRLigoTe, TD
B3I L 24E% F TRES S Lcs, 2
ERND FEBICB-ALP R EBIC{ET, TR-
ACP, Hyp/Cr i3ETHEMAEZR L, 35BN
EAE CHER LT,

ZFI BT FIEETE B-ALP, TR-ACP,
Hyp/Cr DEE T2, LOrLBATERER
D, PIEFEROBERI» HETEANA DR, K
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FOLLOW-UP STUDY ON EFFECTS OF HEIGHT VELOCITY AND
PUBERTY ONSET ON BIOCHEMICAL MARKERS OF
BONE TURNOVER

Harumi NISHINO*, Yuko HORII*, Tomoko TANAKA¥, Takashi YAMAGAMIZ*,
Tomoharu MATSUKURA?¥, Sadanobu KAGAMIMORIZ¥

Key words: Puberty, Bone turnover, Height velocity, Follow-up study, Bone mineral density of

calcaneus, Biochemical markers

In order to clarify the factors which affect bone metabolism at a young age, we investigated the
relationships among the change of biochemical markers of bone turnover, the height velocity (HV) and
puberty onset in healthy Japanese children.

One hundred and twelve children (61 boys and 51 girls) were recruited at the fourth grade level
in the elementary school (9 years old) and followed for 6 years.

Serum bone specific alkaline phosphatase (B-ALP), serum tartrate-resistant acid phosphatase
(TR—-ACP), urine hydroxyproline (Hyp) and urine calcium (Ca) were measured as the biochemical mar-
kers of bone turnover.

Bone mineral density of calcaneus was also measured by ultrasound method at the first grade (12
years old) and the third grade (14 years old) of junior high school.

Heights and weights of all subjects were measured every April and the HV were calculated be-
tween each year,

Puberty onset was defined as the time when pubic hair appeared in boys and as the time when
menarche started in girls by self-administered questionnaire.

All the biochemical markers of bone metabolism except for urine Ca had a significant positive
relationship with HV. The values of the markers were highest of the time when the HV was maximum,

In girls, the values of the biochemical markers remained high before menarche and then
decreased significantly within three years after menarche, suggesting that bone turnover changed rapidly
from high turnover type to low turnover type after menarche. On the other hand, in boys, high turnover
type remained for a few years after puberty onset.

Bone mineral density of calcaneus by ultrasound method increased significantly in boys between
the two years in junior high school, but the increase was unclear except for broadband ultrasound attenua-

tion (BUA) in girls in the same period.

* Department of Environmental Health, Toyama Institute of Health
2* Department of Welfare Promotion and Epidemiology, Toyama Medical and Pharmaceuti-
cal University
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