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Abstract : Osteoporosis is defined as a decrease in bone mass that leads to an increased risk
of fracture. The therapeutic effect of 14,25 dihydroxycholecalciferol, the hormonal form of
vitamin D, that mediates calcium translation in intestine and bone, on the healing process of
fracture has still been controversial.

These studies were designed to understand the healing process of normal fibular fracture, the
osteoporotic changes after ovariectomy, and the therapeutic effects of 14,25 dihydroxycholecalciferol
on the osteoporotic fracture in rats.

The simple transverse fractures of rat fibulae were produced with a rotating diamond saw. The
changes of the biochemical and mechanical indices of rats were investigated.

The mechanical study based on bending test revealed the healing of the fibular fracture in the
5th week after simple transverse fracture. The osteoporosis impaired more the healing of osteo-
porotic fibular fracture than normal non-osteoporotic fibular fracture. The healing process of
osteoporotic fracture was facilitated by the treatment with 1,25 dihydroxycholecalciferol, how-
ever, was delayed more than the healing process of normal fracture. The bone strength based on
the bending test also confirmed this tendency. The bone strengths in the 5th week after fracture
of normal bone, osteoporotic bone, and 14,25 dihydroxycholecalciferol-treated osteoporotic bone
were 75%, 41%, and 67%, respectively, in comparison with those of intact bone.

In conclusion, 14,25 dihydroxycholecalciferol was effective in promoting the osteoporotic fracture
healing.

Key words : fracture, osteoporosis, 1¢,25 dihydroxycholecalciferol, bending test.

Address reprint requests to Dr. Chun-sik Bae, Faculty of Veterinary Medicine, Konkuk University, Seoul 143-701, Republic
of Korea.

- 974 -
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FOEFL MY €8 29 gAY F@er E
Y49 2 € FEFY F712 Add 2L oy
AP el w3 FTUEI} Fada THY A0
Z718 AH2 B8 & gled’ 24 94Uy IHFF
3 £344 3035 o2 $REY 424 I FdE
AA%F 29339 =94 20830 YRPoln’ &
4y F93FFL AU =% & A 4AdAE
g8 I3FF L guise A4 75 EAF, ¥4
A 7153833, FAFEE, 2ud’ 59 YENAY,
Homocysteinaemia’, Marfan 3 2° 59 294 3§, 2
&9’ %8 AAL", 9y, g4Ms2EAY ¢
2¢° % Frig 24 #4YG° o] FadAolth

HAF 2AFFE NN HAAFTH APt
Hog wFol daoA AAHE J2EZH ZHe]
79 9902 g3A Jon  J2E2d Y olF
G 9AAHQ Wile 23 foB e it
F713te Aojth. 7143 E 44 o8 F3AH &
229 Bu)¢ 14,25 dihydroxycholecalciferol®] AjAko] 7+
A3 oo wet B ZEFFY Aol FAT A
e Z43 29 BEo] 24¥YY. 28y Lindgrens}
DeLuca'®: 14,25 dihydroxycholecalciferol] 2o} ¥7¢
A4 328 g T4 Frte FUTF LA
T @47 gtz gl

2§ J2E2 HAYPSE ZHFE ZASE oyto-
kineQ! interleukin(IL)-1, IL-6¢] 44to] A" 24
€ 2% 44U insulin-like growth factor(IGF)-1
5} transforming growth facto(TGF)-f¢] AjAte A A",

20374 o #E ZLdE /& Aol F49
T QA W BeXA Hed 33 43dd a9d
ZH0] YEHQ oo’

IS 2H9 43 A#& A3t FE71A0
M2 t}& %A E9Q calcium, calcitonin, estrogen, bisphos-
phonate, vitamin D 5-& AL&315 o o] S8 o)
daxE dX3A ghon 38 ¢se Adx
At

Vitamin D& Ztel A 25-hydroxycholecalciferol 2. thA}S
3 oA o] thA] AA A 14,25 dihydroxycholecalciferol2
QA s o ARAEL AXAY F84 s AEstq G

2 o]%, % AX9 tanscriptiond FAH22H LeF
% a9 A4S FHNA FFHLE FHAA #
3 Q19 FrE 2780 A3 UAxBAN T
9 AFFE FANIY. B¢ BURA4N 3289
o] 4 2E5E JAYLEN SOFF A
A7} len® o] oAl Ee) daN FIE AH
77} ke B wEiM a7 A 9
Aok s F35%T gloj A vitamin DS) B
Fo] g =FL o}Ax Fo)A Fou F2dE vi-
tamin D¢] £3}& UF3te Bart YobAln o

old] Axe PES Y& dLE HEE ¥ ¢A&HS
o] 2tFF ¢ "X 4%H FA} FHY A&
g ojddn dAHEF T FA TH AFHA
3 2T FUFFA 229 Afl VA e 10,25
dihydroxycholecalciferol] @ 3& olnz TFFA
24 X8 A A9 14,25 dihydroxycholecalciferolo] &
A& §U3 FddlA 22 & 203FH 24
o Mg AEHLE S8R & HYE HAAEA
=

M2 W e

HYUSE U YT 4E AN EEAEY AR
A& ARy M e 1253 U3 Sprague-Dawley P
E(222.8+3.6g) 3502l & v 29 TARFLF wlF Tokg
A WA 53714 239 AFHHE BFAALH
12,25 dihydroxycholecalciferole] FFFA 23 AR L
& 4387 H8AME 1259 A3 Sprague-Dawley H
E(229.0+7.5g) 280}l & 4% YA HEF 73 H] 29
A ¢ FEsd 240 € REE 10,25 dihydroxy-
cholecalciferol 56-2(0) 3} OFD)3} U 2(0|3 OF)o.2
UrT 27 ungd WAE sdod 3 2& 3%,
5%vich 7etE) Y WA s 5F2kA] 2 AfF3AE
FEAAT 4 9 AYFEL 12409 HLF)7L
2 FAEHE AdelA S on 4808 F¢
Y GAG At AF, ABAAF R 5% ¥
& ZAYY. ARG S5 AE IFV @
oM 3Y FHE F& 4 ghE o] &3AAT

H2Xg % ul@e] SWFY : Ketamin hydrochloride
(FrE486E) 15mg/100gE F7 FA3] AAtAE
FEAAG. vtHE REE G2 E 2E3AA dBE sk

- 975 -



A2 ZEY F GAE HENNon v TERL
& A8AME otA7 @ REY ¥ FE 224 A 3Hg
+ dental polishere] v}o]3 2 T E| handpieced] diamond
disk& F2¢ F W+ doj=a) FUAN Y24
£ frastsc

1a,25 dihydroxycholecaiciferole #0 : 10,25 di-
hydroxycholecalciferol(Sigma Chemical Co, USA)& propylene
glycol(Merck, Germany)ol] xof FHo A4 ¢ F N g
279 FU4L 20mg, YriA 7|7+ 10ngE HEFAE
o,

$UZ4A} : Ketamin hydrochloride($ §+3} &) 15mg/100

g 270 FAse AUCIHE S8 F AN B
% SmiE A3 shed 4TI M 3000pmo. 2 15ET AR
2 AA3te ¥4-¢ #88th Calcium(Ca)® Hitachi
7150(Japan)& ©]-&-3td OCPCH, phosphate(P)$} alkalin
phosphatase(ALP)+:= Hitachi 7150(Japan)S ©]-23}9 colo-
rimetry, Estradiol(E;} Packard [ Cobra(USAYE o} £}
RadiolmmunoAssayol] ¢} &}o] &4 8},

YA FYZAL: o7 € REY] ¥ F & Xray App.
Animal(E-7239-X 8, BZ(B), Toshiba)2 o] §3te] =2
A1ZHE 0.25sec, AF A7) & S0mA, AL 40kVe =
Aoz #9sigh

Bending Test : &% ¥4 24& ¢43 A
A% ¥ % 24343 A9 Sun Rheometer® Compac-
100(Sun scientific Co, LTD., Japan)g- o] 43} parameter
& test typed breaking, adaptor type2 rectangle, adaptor
area(cm’)i= 0.01, sample type h-round, sample width(mm)
= 20.00, sample height(mm)+= 1.00, sample moves(mm)&
10.00 % table speed(mm/min)= 3022 HH € ¥ ¥ maxi-
mum weight(10°g)$} bending strength(g/em’)& 243
. Maximum weight= H] Z¢f 8Fc] A& o v Fo
FHAE €39 H9 $¥& T30 bending strength
E A g2 g 349 oo Fagd.

ocnR’
L

(&, F: 28AE §,0c: 2HAE 29,
R:®Wo) wiy, L: AR A Alelg] Wlg Ag))
AN : & YoM dojA A5 g 7 2
o EA%A 94 & SAS packaged] General Linear Model
(GLM) Procedure(SAS ver. 6.12, SAS Institute, 1996)& ©|

£-89 Duncan's multiple range teste] &8 FAs g o
™ p(0.05 o]3te] FAHE & 1 FAHH o
2 JF8A.

i I

Y vl RYU AR :

Body weight : 4¥& A|2¢ sjof= 222.8+3.6g0]
Rem FHRFUF 29 E S0 ¢ 2EG2
§o8 47t ZAdgov 1,2 3,4 2 5Fde Z7
2279£15, 2353+18, 243.6+2.1, 250.6+2.1 B 2558+
25g2 W3t FAAQ 4] BE FAHA A3
Z7He UER A THp € 0.05).

Food intake : 48 & A 2# oo 14.6+02g0] Y
o ZAKLE 297 F¢d 98 2EH2RE
o2 asgeu1,2,3,4 9 5320 22 141404,
152408, 149406, 152404 2 158+0.6g2 W3¢}

Water intake : 48 A& ¥ wof = 29.3+0.6mlo]
Ror FHRLF 297X E FEd JF 2EY2Z
$08 A9 01}1,2,3,4 2 535 242 309+1.
0, 31.5+1.6, 31.6+1.2, 303+0.8 ¢ 31.1+13mlE #W3}
%ot

Calcium(Ca) : 4¥& A &Y 9o 1050+0.12mg
dielgloyt FARLF 1,2 3,4 € 55dE 274 1027
+0.10, 10.36+0.14, 10.58+0.11, 1046+0.14 X 1048+
0.18mg/d12 W3] A|Zto] gl wiet A F7}s
£ FAR2Y 3F olF A E Wl A7) Helow
ol ¥ W BF AYHQY WAYUY oM
%ot

Phosphate(P) : 4¥& A &% 9o 688+0.21mg
MdiojRovt TAREE 1,23, 4 9 5T 22 734
+0.11, 7.29+0.14, 7.18+0.11, 7.27+0.13 § 7.22+0.14
mg/l2 Wate] TAAF F71H Tt Aol Ag
o o Ao FELE BAGE APoUon oy
B oshe BAAQ AE Y el dsg

Alkalin phosphatase(ALP) : A8 & A2 o &=
1428+56UNM010 o 2HREE 1,2,3,4 £ 5FdE
2z} 203.8+13.8, 199.0+7.1, 164.4+9.5, 149.0+99 B
1402146 UNZ Wdld 253714 %94 A )8
RAt7Hp € 0.05) Alzto] A AU FHY Af9 ¥
ol 4AM3 adte F4A W2 YEH/UG.
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Table 1. Changes of body weight, food intake, water intake, Ca, P, and ALP after facture

Post-fracture
leem " Bascline 1 week 2 weeks 3 weeks 4 weeks 5 weeks
BW(g) 5 222.8+3.6° 2279+15° 2353+18° 243.6+21° 250.6+2.1° 255.8+2.5*
Fl(g) .5 14.6+0.2 1411404 152+0.8 149406 152404 15.8+0.6
Wi{ml) 5 293106 309+1.0 315416 316112 30.3+0.8 31.1£13
Ca(mg/dl) 5 10.50+0.12 10274010  10.36+0.14  10.58+0.11 10461014  10.48+0.18
P(mg/dl) 5 6.88+0.21 7.34:+0.11 7.29+0.14 7.18+0.11 727+0.13 7224014
Ca/P Ratio 5 153£0.06 1.40+0.03 142::0.03 1.46+0.02 1.44+0.03 1.45+0.03
ALP(UA) 5 1428+10.0°  203.8+138  199.0+71 164.4+9.5" 149.0+9.9° 1402146

BW : body weight, FI: food intake, WI: water intake, Ca: calcium, P: phosphate, Ca/P Ratio: calcium/phosphate rato, ALP : alkaline phosphatase.

Values are expressed as mean+SEM.

**d Means with different superscripts are significantly different within the same row(p ¢ 0.05).

Mean size: a)b)cdd

A BHHA : ZHAFANE 03 T F LS
3 ovi(Fig 1a), IPAFLFE 1FANE FTHHY &%
o] B ¥& g oni(Fig 1b), 2F N TH o] o}k &
A3 AAHA ggter FARAE FHez YA A
7HEz 3 0] YAPHAT(Fig lo). 3FdMe EHE A
o s TP FFo] BEEHEHH HExRF0
wA BX83 ANCHFg 1d). 4F e HHS &7
ol A3 HEZAY FA Yol FoENLH FY
A4 9 3 Axio|7t wol 8 UAAKFig le).
5T 4780 FEHA dste gislon ALY
9 2% AY 2L FYEE b A thFig 1f).

Bending test : Maximum weight(x 10%g)= A8 & A
Ag doj= 847102500y FASEF 1,2 3,4

Table 2. Bending test after fracture

9 5% FXE 2z} 0.96+0.03, 2.46+0.17, 3.64+0.16,
4954016 ¢ 648+0272 Wil AN F L& 100%2
{HE W 24 11, 29, 43, 58 | 76%9] £XE YERY
o WlFE F94 A 718 5. 2H(p(0.01), CONL
z}z} 852+0.31, 8.83+0.12, 8.94+0.30, 8.74+0.17 ¥ 8.
95+0.260. 2 ¥ 3% th. Bending strength(g/em’)= A ¥ &
AR o= 033200101000 FIHREF 1,2,3,4
g 5%6] FX: 2z} 0.04+0.01, 0.10+0.01, 0.14+0.01,
0194001 ¥ 025+0.012 ¥t P 2L 100%2
}RE o 2 12, 30, 42, 57 R 5% FHE JER
o fej4 e dsE BP o (p(001), CONE 72
0.33+0.01, 0.35+0.01, 0.35+0.01, 0.34+0.01 ¥ 0.35+0.
012 ¥ 8- th(Table 2).

Post-fracture
Item Group n
Baseline 1 week 2 wecks 3 weeks 4 weeks 5 weeks

Maximum  FX 5 8474025 09610037 2464017 3644016 4954016 648+027"
Weight

(10% CON 5 8474025 8521031  8.83+012 894+030 8741017 8.95+0.26
chi:i;ti;1 X 5 0.33+0.01*  0.04£001F 010+0.01™ 014+001¢ 019+£001™ 0254001
Stren,

(g/cm’) CON 5 0.33+£0.01  0.33+0.01  035+0.01  0.35+001  0.34+0.01 0.35+0.01

FX: fractured right fibula, CON: contralateral control. Vaules are expressed as mean+SEM.
abedef \feans with different superscripits are significantly different within the same row(p ( 0.05).

Mean size: adb)c)d)edf
*p (0.05 compared with control at cach time points.
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Body weight : 4¥& A3 wfol= 229.0+7.5g0]
AL OFDE YA HEF 750 & 3164154g01% 20
FAFEF 3F 9 5Fd= 247 325.946.13) 324.8+5.
5g2 Waldoh OFe Y43 &% 7534 & 318.714.3g0]
Ao TAHLLE 3F A 5FoE 2 32801424}
329.0%3.5g2 W3t AP EL T AF ¥
EFARHLE FoAl AT

Food intake : 4 ¥ & A 2¥ v & 13.5+0.3g0]
o OFDE G423 &3 754 & 155104g7F HioH
FAFLE 35 D 55 = 227 1541059 15.7405g
2 sglen OF: Y4a¥EF 7549+ 150+03g7}
gRon ALY 33 9 5Fde 4 158405 B

158+03g2 W& K}

Water intake : 4 ¥& A1 2H¥ ol & 26.410.7mlo]
Aoy OFDE HAXHEE 734+ 328+08ml7} HY
o, FEFULF 3F 9 55749 42 301404 ¥ 31
2+1.1ml2 ¥3P 0 OF: GAHEF 730 316407
ml7} H9lon FHREE 3% 9 5T 47 298110
% 313+ 1.5ml2 W4

Calcium(Ca) : 48 & A &Y g} d2H4F 75
o= Z2H 10.50+0.129} 11.18+0.19mg/dle] g1 0.0 EA
¥ 333} 550 OFDE 742zt 1121402134 11.32+
0.22mg/dIZ W3te] Y& AZE G} v Lo F7}
B9.21(p (0.05) OFE 112740213} 11.22+0.18mg/d!
2 ¥gtd A o &2 FAF YR oYp 0.

Table 3. Changes of body weight, food intake, water intake, Ca, P, ALP and Estradiol after osteroporotic fracture

Post-ovariectomy Post-osteoporotic fracture

Item Group n Bascline
7 weeks 3 weeks 5 weeks
OFD 5 229.0+75° 316.4+5.4° 325.9+61° 324845.5°
BW(g)
OF 5 229.0+7.5° 318.7+4.3° 328.0+4.2° 3290435
OFD 5 135+0.3" 15.5404° 154+0.5° 15.740.5*
F1(g)
OF 5 135403 15.040.3* 158405 15.8+0.3°
OFD 5 264+0.7° 32.840.8" 301+04° 31241.1°
Wi(ml)
OF 5 264407 316407 298+1.0° 313415
OFD 5 10.50+0.12° 11.18+0.19* 11214021 11.324022°
Ca(mg/dl)
OF 5 10.50+0.12° 11.18+0.19* 11.27+021° 11.22+0.18°
OFD 5 6.88+0.21° 7.40+0.24° 7.54+0.21%® 7.75+0.17
P(mg/d])
OF 5 6.88+0.21 7404024 7.37+0.19 7.43021
Cayp OFD 5 1.53+0.06 1.53:£0.06 1.49+0.05 1.46:+0.04
Ratio OF 5 1.53+0.06 1.53+0.06 1.53+0.04 15240.07
AL OFD 5 142.8+10.0° 326.0+8.4° 353.0+14.4° 31144195
UM OF 5 142.8+10.0° 326.0+8.4° 34924145° 302.8+15.4°
b b b
Earadil OFD 5 50.59+2.7° 20.62+1.0 27.0+15 228421
(pg/ml) OF 5 50.59+2.7° 20.62+1.0° 218+25° 25.6+3.2°

OFD : osteroporotic fracture+14,25 dihydroxycholecakiferol, OF : osteroporotic fracture, BW : body weight, FI: food intake, WI: water intake, Ca:
calcium, P: phosphate, Ca /P Ratio: calcium/phosphate ratio, ALP: alkaline phosphatase.

Values are expressed as mean+SEM.

® Means with different superscripts are significandy different within the same row{p { 0.05).

Mean size: a) b,
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05) ol BARH o2 FoHo] U

Phosphate(P) : 28& AN&¥ W d23aF 75
o= z}7} 6.88+0.213F 7.40+024mg/dle| gl o] SAH
g¢F 3F9 5Fo] OFDE &7 75440213} 775017
mg/dlZ Wit HAAHQ F71E HALH(p(0.05) OF
= 73710193} 743+ 021mg/dIE W&}

Alkalin phosphatase(ALP) : 4¥& Azd 4
BAASE 13 22} 142841003} 326.0+8.4U/0)
slon FARLE 359} 559 OFD: 42 353.0+14.
49} 31141195U02 da o] OF: 3492:1459
3028+154UN2 Wate] 4¥& ARY st wud
$A4 A Z/H89oU(p(0.05) 2AE EAEH
o2 fjAe] AT

Estradiol(Ep) : 4¥-& ANFE do d23aF 715
ol ztz} 50.59+2.73} 20.62+1.0pg/dlo]| Ao ZTHK
u% 3F9) 554 OFD:: 72} 27.0+1.59 22.8+2.1pg/
diz Wag.on OF: 21.8+259) 25.6+3.2pg/dl2 W3}
o Ay AZAY g vudd §94 A #LHA
SWHp(0.05) FolE FARHLZ Ho4°] §iTh

WALM BEHAAL: FHAFEFE 3FNM AP 24
Ao F3o] dxFo wisty B 2u(Fig 22)
2T FHNY §Fo] T3 72249 FA7
FAND(Fig 2b). 5T AYFE THAY &Fo] 8l
on] AR 7139 FA GF%om(Fig 3a) =
T& Z2AAY §Fo] AT 2 FA FANSG

Table 4. Bending test after osteoporotic fracture

(Fig 3b).

Bending test : Maximum weight(x 10°g)y= Q¥ & Al
AY do d2AEF 77 22 84720259 951+
03701504 IAFEF 359 53 A3e e 42
H 2L 77 890+0.19 2 886+0.182 W3l AEL
A ZE go} ved £X§ B OFDY 3d 28
2 W Z2e Zz 27510115 58010158 #Wdte A4
Aele] wjE9 0% 65%E JER] 21 (p( 0.05), OF
o] 2349 QEF v Z& Z7 1.93+0.083 3.54£012
2 W AN E Y v Z9 21%9 40%E JERH P
(0.05) OFDE OF Bt} #94 gle E4E Jehiid
t}. Bending strength(g/em’)e AH -2 A3E q9 ¢
2% 7130l 247} 03310013 035+0.020] o} 2
AFEF 3F9 554 FAEHY 4% v 2L 44035
+0.013} 0340012 ¥ sict OFDe 4 2%
H2& 22} 01110013} 023+0.012 W3t A4 E
ol ¥ 29 31%%} 67%8 FERIA 2 (p(0.05), OFY]
ZAY QEF HF L 77 00810017 01410012
Hato] AAe o) v Z e 22%9 41%E JehR(p |
0.05) OFDE OFET £9A & ARE Yehigo
(Table 4).

@

Meller et al ] 9319 7o) 24& FEHL & Ca

Post-ovariectomy Post-osteoporotic fracture
Item Group n Baseline
7 weeks 3 weeks 5 weeks

CON 5 847+0.25 9.51+0.37 890+0.19 8.86+0.18
Maximum . .
Weight OFD 5 2.75+0.11° 5.80+0.15™
(107g) o o

OF 5 1.93+0.08% 3.54+0.12°%

CON 5 0.3310.01° 0.35:+0.02 0.35+0.01 0.3410.01
Bending . .
Strength OFD 5 0.11+0.01° 0.23+0.01"
(g/cm”) .

OF 5 0.081+0.01° 0.14+0.01°¢

CON : contralateral control of osteaporotic fracture, OFD : osteroporotic fracture+1a, 25 dihydroxycholecaldiferol. OF : osteoporotic fracture.

Values are expressed as mean+SEM.

abe Means with different superscripts are significandy different within the same row(p { 0.05).

Mean size: a)b)ec.
*p {0.05 compared with control at each time points.
°p(().()’& compared with OFD at cach time points.
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AN E 3A 2 E FQU7} Aol A o
g AArEo 2 fEo] Helon P FAAFE F
7HE 3thrt Aol Aol ue AYeEez PE
o] Ho] FEARE CoPY HlEe] FA2d AT A
Zto] At wel FAsEoE HEoiged oy
AgE Aol FEoM 33 & Aoy dR2
Ao &3 g Ao FA4rlde ¢l €un 8
At ALPE ZEAX % FY4E g4I
Ao 2Fgn J2YPYAN F8F 48E Fe
ZAAERY Z7139 109714 F27F HA2 209
FolE FALECE o] HY e FFH v
Zo] AL FUstn ADUEE G YAGHE 4
He o TAE 1298 Ca9 WY HHAFo] F=8
AA AadQeist Azte] AHge we FAE 1F,
2FolE AAAEHY FE02 FEo] HYon ofHE
A4 ZAFF = ALY AHAFo) Zadtd o)
w4 S E Casl Pol R A3 Ao] JE A
2od 939 G $AdE FA¢ U AT
STy

E AYdME RESY ¥ Zd FHE FUsAE A
ZAHE 29RAE AF AAHSE L S50 FAd
Qon 1 ojk2E ZAHU 4% B AFY F7}
g B9y ArAAY & oM & e §
otk Cazt PO M E A3 uw AZte] Aol uel
Ca& AAFFELE 3718 9 oH Pe I3 Zade
2AQROY AZEE F94o] Qe WY ALP
= 23 23R E A AEAATDIE AAE AAE
02 3o 50| Meller et al 3} HAIE X FAYE
B

Hiltunen et al o] 2|38 592 32 24l A%
AR SHEL FAF 450 AR 0 9%
7hEe] 3t fito] o] o FANGH R 7}
29 37), 7129 JouH, 39 ¢ FTAF 274
3o 298 ¥ A grdged & APAAME &
AF WA EY Ao 39 254 A s3] 275
Ayt e 1 o)k AY gastd 5T A
Aaa A 2L FAR BA7 HAen 3FMe 7}
Zof 9J3te] $3o] Yoju FHMY &Fo] BEY}
o Hiltunen ef al *% $A18 A 434 & Yeny Aot

Hiltunen et al ) 931 v}$2 ZEFHY AF34F
A ZAWY HYFFAFL Aol AP wg

Z715e 2AF 4370 Y B2 1% ol
Hou & JYdAE FHHY bending testd A A 3}
maximum weight9} bending strength& 43 & Z3} IA
% 5% 2tz A4AQ v 2 6% 75%E HHER o
AE vEA AFHFo) i =¥ FHoIUH. Aros}
Chao”'o &J3t% FHAH9 7144 84 & %= F
28 AAEL HYd 3 Any, 49 YH,
AR YA, 7154 §53 THH F89 3F
of o)ate] FAGY Fol YA E 2EH2Y ¢} F
Fita stged £ AYA v 29 AfAHo 42
9 A fHAol vlste] ohh = AYE Bole RE A
& "2 vjgtd ANE AA s o] AAT )
& HRAAH o2 A% FAF THHA AF
of AeAY od 7| AHQ 2Tl Hyl G SHXA
F& AsE AF8UY HFo2 F9 YYo| H&
A 71QdE Ro2 AEET

White et al *& torque-angle S 3} WAL 228
ZAZ so] E7Y FF ZHAXFE 4N A9gH @
AZ Agsded g3 2o 184 FHo] ¥
Z5E AUz 489 FARHE 3o dojyr 2¢
Ae 2do] B 2 AU, 49 SHRAEF
o dojdtt. 3gAE 4o & FEE AU, ¥
e 47 249, 98 BYdze L 39
gojute] 4gtAE FHo) & ZEE AUy Ao
Bz 2& §3q dojdotz A

E AYIME Agto] gt gz} FHde] iR
= QAR dEo AL 2FAAE 194, 3FdME
28, 43¢} 5T e 47 3uA g 48 FRE B
ol 2Ho] Yol ol @ ARE e grAE”
P} fALG N FARE HolL Y& A2 AgEH

ol4e Z3g AE o YE v T THL TAF
53] ¢AE FHo] o] Fo|A Ao AlRHT-

ZEFd olBHd TH FA2 AFd R
279 ozt 4A 2Ho| doluH ole¢ Y A

EESY AYAF B89 2 29 HAd 9
A BHL B9 Rgor EFAch 2AARY F
Ag A8 AE%F 2Auhgoly A8 EBETA 33
oz FHY o)y, AVAF, 25%AF § 45
2 P ET anabolic steroids, estrogen, vitamin D 5
Eo] ol¢5z TP, Vitamin D& Foj A ZE3} A9
348 27831 A% 99BN Zed AFSF
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& F7H71IY R34 328 did 9% FF+
& A%z 349 AFE FANY IHEF
A4 glelde B39 #2428 4Asy 229 o9
A$ 38 Yepdgt2,

Vitamin D 2%} 48 ASFAYT 229 W
EE ZAAAMNT 30339 Ag PFaHE 8
e 239 i FAY Wk} F7HEAY 24
A4 237} A TE R25P% ¢lojA vitamin DS F
33 Az i @& A7)t oo

Vitamin D 77}% guinea pig“, E”]“, 9e g
“o] ZAY A48 ZINALY Vukicevic et al “3}
Haneji et al“o] )3} 14,25 dihydroxycholecalciferol
alkaline phosphatase®] 84 & 71414 M2 ¢ YAl
g &g v]Ackn 34 24 Rampst Baker'= 2313 7
2A %2 3¢

Malluche ef al o)l ¢34 7]¢] ovarichystrectomy & 4
A% % 1a, 25 dihydroxycholecalciferolg o A8 T
3 Y27 AF A3 E ANE 43 LE FI4 &
944 & AFY F/7 4oy aFdAE 79
A4 e d37 dida st B AgedME REY
F& G2 E e 737 Ad F w29 THE &
w33 16,25 dihydroxycholecalciferold o3 YT
(OFD)3} Wl=Z(0FY A< ¥sg ¥viud 4¥&
AZE do vz g dolle BF 94 A AFo
Z7HE A 2P 0.05) 2= W3t Fo40] 9
o] A] Malluche et al *3} §-AMS A G& Bolm 9o}

73 ¥ 4] 10,25 dihydroxycholecalciferol S o &
%94 o Martinez et al “3} Gallagher ef al ™o} l3t9d &
9] Ca, P2 ALPY] W3 $1%1.2.9 Christiansen ef al *
< Ps} ALPE H37L filoy Cad AR {944 gl
A 79903 %t E 8 Malluche ef al o] 519
ovariohystrectomy & A Al & 7} 14,25 dihydroxycholecal-
ciferolg §3A& 9 Y9 Ca3} P W+ QUL
] Ca/P ratio®] W3 = g%}

E AP F3FFA FIH LT 10,25 dihydroxy-
cholecalciferol& o8& wf ¥4 Ca P ¥ ALPS
Ca/P9] Wl &< W7} ider o8¢ 23 A
AFRICY FAIG Y Bolt A0 ARED

Walsh ef al*'3} Hill ef al®o] 9J31H F2HEF 65
o FUEFe Fud 487y AUz 242 A
%34 ol Al bending tests} torsion testS AT A3} Z

h=4)
=

033e 49 /& AQAIIH ol A& 24P
3 279 JHME FFHAD.

£ AYGAE 125 RES] GA2HEF T34} w2
9 FAL FEF F 379 559 bending testE YA Y
& o 34 FA) A ANLFHLE o 15Y
o]4 HAAE 433 %2 bending test ZFHE Yol
Walsh et al*'3} Hill et a3} $A1E A%E B3loY
10,25 dihydroxycholecalciferol® Fo% AHTFY bend-
ing test A FAAH Y R A{A IS A &
AL A& JeR) oA 16,25 dihydroxycholecalciferol
2uF3os g8 AdE TH9 AHE e
o] AL 10,25 dihydroxycholecalciferol alkaline phospha-
tased] A& F/HAA ZZAX gF A2 ¥ YA
o 9%g vHdE Be A7 wse 23E U
Ehlo] 10,25 dihydroxycholecalciferol & ZFT}EF 02 Q)
o] Add 49 ABAZA BV} & AL A
2¥h

i B

1259 RE A HFEHY AFHAE ol
I, $2HEF uFY IUIFH 249 A4H3AEHY
d2¥E% v F9 FUFFH THY AHd vAe
16,25 dihydroxycholecalciferol®] o #-& ¢ely 1, Foh¥F
ZA ZAHABAZAMY 10,25 dihydroxycholecalciferol 9]
FE4E gdslan AYE AN 29 g 2
A& 4

H 29 A AFHAAM AFE %) e A
A9 3718 By AR 2% ¥y
A%t Cax} Po W= FAo] ARN2Y ALPE 2
A 27de 94 AA 785t 2] At
of i} Q& FELE 3 Eo] HArHp(0.05). ¥4
2HE FARELF 5T FAAGH o2 SAF FF
4 o] #3127 bending strength= A3 ¥ F 9] 75%0) o]
23 Hp 0.01).

GA2HEF FHY A AL EAY AfET A4
g5tk $4233F ZHY AHKFHARAA 1,25 dihy-
droxycholecalciferol £ A%, AAB8A A, 5%, ¥
39 Ca, P R ALPS) ¥ 3ho] Jao] LN} 10,25 diy-
droxycholecalciferol $9 23 ZA{¢F 550 bending
strength= J 4 H|Z9 67%° o232 RFYdehe} 23
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3 Hx8A AH7t SRt

o} Z3E FHHLY REY dLE HEdH9
AYZ2EY AYE Fudtd G2 HEF 5FRE A
Fatd 7R F0FF0] dAs L Eg3Fe AN
Y A o o 13d o]} 2HY AHE X

Ao 10,25 dihydroxycholecalciferol g ¥ i8¢ &
A% A44dY AR vx® BFE YEh o
14,25 dihydroxycholecalciferole o354 249 X7
o M AU E AEAGE dEE WY & AT

Legends for figures

Fig 1. Lateral radiographs of rat fibula ; 0 week(a), 1 week(b), 2 weeks(c), 3 weeks(d), 4 weeks(e), and 5 weeks(f) after fracture. The
fracture site is marked on fig. a. Fracture line is seen up to 2 weeks(arrowhead in b and c). Thickened callus is present up to 5

weeks(short arrows in d, e, and f).

Fig 2. Lateral radiographs of fibula of rat administered 1¢,25 dihydroxycholecalciferol(z) and control(b) 3 weeks after os-
teoporotic fracture. The fracture line is still apparent after 3 weeks(arrows).

Fig 3. Lateral radiographs of fibula of rat administered 14,25 dihydroxycholecalciferol(a) and control(b) 5 weeks after os-
teoporotic fracture. The fracture line is not seen, however, the width of visible callus is thinner after 1¢,25 dihy-

droxycholecalciferol treatment.
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