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SIRAE KBRS RRFIER 55 AR B S B e T I
(HaEE%  HTIEE)
(EFE | EHEBEREGE)
s o RO

BIEREAERICEE S0, ERIEERO BRI B VTR T o BRI ORI WHEE DI, LIBOMIER
WA A BB o Twd, L LED—FT, BEIZEVIEMZ2ET 23071095 & Vil KIBOIERDI IR & 2 -
20, EEEGORMEIER L ) GENEIREETHEE 2o Tva, FEREOBRMRUE & 34 5 120 G m
FEMESEL LR ERREBICHELEERPBM I LMWL ETHE, FIC, MMM AT T (basic
fibroblast growth factor, bFGF) % IEREFITIEATAZ L&), RAMELREORAPHLNLOTERVINEELT
DT OES+Fo7. HRAGEROKGCARANAMIEERSER Tl mm/ A & 2 mm/ [ ORECHIEIELEE i, 1T
BAR G MO BHER 2% MD (mineral densitometry) #:0 B SHE 12358k L 22 MMD (modified mineral densitometry) #
FHCTE L7, ERESHOFHEREILETS &, 2 mm/HOWEEME TSSO OIS 2405 <, R
BhEshadZedbdol., 35122 mm/AOERHEEIZ BT, 20mm OEER TISER (22 b — L), HFGE 80 4
g/0.5ml (FROEE), bFGF 400 2g/0.5ml (F400%E) % fE R M 2 HESRARE P He - U CHEEARATHE o0 AT Kbt % ARG 12 U L e
FA00BETIA T > b B — LB S ~ 6 I B W CH MBI oIz o 7008, FILLRIE A dd - 2. F80THA
T PO VB AR ERSEE UTEHERTEAIES o 2, FEMEE Lo INSOEY S, PRI UL
R LT Lo THFE SR, 7 R M FHEAE & Sk (L MBEAMBI 3 2 WAIGE - S EFIRMN] % Fo bFGF
BELL > THBROEEZEE L. DEOBELY, DFCFIZERRE MO EHEAREBNI AT A4 S fHERIC 4 0
B LEEZLNT.

Key words basic fibroblast growth factor, bone mineral density, distraction osteogenesis, external

fixation, bone formation
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W3R4T 3858 E F- (basic fibroblast growth factor, bFGF) #%5k £

TRL144E 6 A 3 BN, FHRI4ETHI0HZH

ST HHERL, DEE < DY & ) bEGF A i o
BRI AT LD < AR &AL T 99 eI B s K- 7
(fibroblast growth factor, FGF) {1974 4% Gospodarowics™4Z &
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bFGF D% 3 % 8-l 5 728129k 1 & ' Matsumoto & P DX it
F RSN (mineral densitometry, MD) ¥ &M ENCIERR L X
B IRERINZE (modified mineral densitometry, MMD) #:% [#

Abbreviations . bFGF, basic fibroblast growth factor; BMD, bone mineral density; DEXA, dual energy X-ray
absorptiometry; FGF, fibroblast growth factor; FGFR, fibroblast growth factor receptor; MD, mineral densitometry;
MMD, modified mineral densitometry; pQCT, peripheral quantitative computed tomography; QUS, quantitative

ultrasound
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[E {5 DALELIZ 13 Adobe Photoshop ™ version 4.0 (Adobe systems
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Rasband, U. S. National Institute of Health, USA) % f#ifH L 7-.
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Fig. 1.  Principle of bone mineral quantitation. An X-ray photograph was scanned, and data on to the density of the image was transferred
to a computer. The 2-dimensional graph was then colored according to the density value of each pixel. The 2-dimensional graph was
redrawn in 3 dimensions, and volume under the plane was calculated. The amount of bone mineral in the region of interest was

correlated with the volume of the region of interest.
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v !ww Yy —v (BARE, KR 30 mg/ke & HRMISIRS
TEEREETo 2. HRETRANRBEZHELE, B
;I'ETEMJJ FHRICEE L. AHRETREMICHEICHS cm®
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5020, Jaquet Orthopedie S.A., Geneva, Switzerland) % 4 &% A L
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Fig. 2. Aluminum block used in the study. (A) Normal
photograph of the aluminum block. (B) X-ray photograph of
the aluminum block. (C) Relationship between the thickness
of the aluminum block and X-ray absorption. The graph shows
a sigmoid curve.
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Fig.3.  Fifteen portions of the aluminum block were each
measured 5 times using by the DEXA and MMD methods. A
definite correlation between the DEXA method and the
modified MD method was observed.
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bFGF & L TKCB-1 (RIF4E, W) #{EMH LA, KCB-1i
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KCB-1 3 AT HEOLFGF % &4 L, %01 mu:?ﬂ!l%‘
L72z:b D% FHERE L TE W, S5 EANc SR oML,
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W3S L7z, AT 7213 DFGF D4R 53 IE M Tz 15
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MMD % & DEXA #: 0 [l ik 7 & P 2 i 589 % o &0
WHETH B 75, iﬁl"?1lﬁ'@llilzctl"J7;lL!|£5'C'C &, MRk
RREFOES, FHIMAIOHREOBIZL YL o &
KRELFMGDPHEMTH 20T, WEEH L) EERE BT
lemIEOEFHEFNE L, TNE100% & L BHE (percent
bone mineral density, % BMD) % LCleigL &, $i
MMD 42 & ) Hifg % $b$ 2 2 &1 & o TR O E
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5 1EE 0% % BT L TIERRG, Bilsina e ka8
SOBRREOWRE KL/,
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Fig.4. Thirty-two lengthened bones were each measured
twice using the DEXA and modified MD methods. A good
correlation between the two methods was observed.
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Fig.5. Time course for the changes in lengthened callus shape
in the 1 mm/day group. A pseudoarthrosis-like appearance
was observed during the 4th week, a tendency towards bone
union was observed during the 6th week, and an intact
medulla was formed but with insufficient cotocalization was
observed during the 10th week.

Fig.7. Time course for the changes in the lengthened callus

shape in the F80 group. Sufficient quantities of bone mineral
deposition were seen as early as the 3rd week. The clear zone
in the central portion of the callus started to become opaque
during the 6th week. Bone atrophy was not detected during
the 10th week, and a high level of bone mineral deposition was
observed at the site of the bFGF injection.

Fig. 6. Time course for the changes in lengthened callus shape
in the control group. The deposition of bone mineral was in
progress during the 4th week, but bone mineral deposition on
the medullary side of the cut bone was insufficient. Severe
bone atrophy progressed after the 6th week, and the entire
bone became atrophic during the 10th week.

Fig.8. Time course for the changes in lengthened callus shape
in the F400 group. Early enlargement of the bone-mineral-
deposition area was observed in the F80 group. Bone atrophy
was not detected during the 10th week, and a high level of
bone mineral deposition was observed at the site of the bFGF
injection.
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Fig.9.  MMD analysis for the Imm/day group. Sufficient quantities of bone mineral deposition was observed during the 3rd week, but
mild bone atrophy occured during the 8th week.

Fig. 10. MMD analysis for the control group. Poor bone mineral deposition during the 5th week and severe bone atrophy during the 8th
week were observed.

Fig. 11. MMD analysis for the F80 group. Bone mineral deposition was delayed, compared to the control group, but sufficient quantities of
bone mineral deposition were seen during the 5th week.

Fig.12. MMD analysis for the F400 group. Bone mineral deposition occurred as early as the 3rd week, and an enlargement of the callus
was visible. A large quantity of bone mineral deposition was observed during the 8th week. Bone atrophy was not detected.
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.13, Effect of bFGF on the distracted callus. Examples of the MMD method are shown. X-ray photographs taken during the 1st and
5th weeks were scanned into the computer. The x-ray photograph taken during the 1st week was subtracted from the x-ray photograph
‘taken during the 5th week. The results of the control group are shown on the left, while the results of the F400 group are on the right.
White areas on the photograph and red areas on the graph correspond to an increase in bone mineral density, while black areas on the
photograph and blue areas on the graph correspond to a decrease in bone mineral density.
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Fig. 14. Time course for the change in bone mineral deposition
in a distracted callus of a rabhit tibia (O, 1 mm/day, n=4; 12
mm/day, n=4). Bars indicate the X & SD. *p < 0.05.
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Rendds, Mo TEIERIZLAYRb2h o7 (E5
~12)

M. EEHRTE (18E) £5:BENBIEROLE

oy PO — B EF0BIIBNT, RISBEATRLAME
N5 E TR S LEE OWR % MR LR ERT (W
18), 2> P A= AR TEERRKEHRSOFEROMMIELE L,
walke, R EESICITBEOBLPRSNS,. —FF400HT
|3 UE SR AR B BB R AR T RS B o 2 3, BRE
OB EEOETIRELALEL M Eho T,

V. EEAE— FEERRELICRh2BIERICOWT

WEREEEICEA LTl mm/HEE L 2 mm/HE (2> bo—-
) %% BMD CLET 5L, 3-6BOMICEV CHETFEMAH
WEE b o T, 2 mn/AROFHEEIEHS LTV, 1 mm/H
P13 5 %21 % BMD T100 % 282 T/ (M 14).

V. b-FGF RSB LIRS IR

F400FECIEZ T > PO MBI GBIZBWTHEICBHE
oo BN & FReOTAY, FhUBEELRBO Loz, FROHIE
23 p O — VEICHRERREFELTHEERTEMIES -7
A%, HIEFEZ L d o7 (R15). 1 mm/AHEEHTEE LK
VAL OBEICDEVEEREZRO AEGSHEL, EIkE
I B DWW EER, FEFENLEIED N LEDo 2,
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Fig.15. Effect of bFGF on % BMD in the distracted callus of a
rabbit tibia. (O, control group, n = 4; &, F80 group, n =4; [,

F400 group, n =4). Bars indicate the X = SD. *p < 0.05,
compared to the control group.
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Abstract

Distraction osteogenesis has become a common technique for orthopedic surgeons and many difficult skeletal problems
such as large bone defects, limb length discrepancies and limb deformities have been repaired with this technique. However,
to archive extensive bone regeneration, external fixation must be applied for a considerable time, which can result in many
complications. To complete distraction osteogenesis safely, a means of shortening the treatment period while still achieving
strict bone formation is essential. The purpose of this study is to investigate the effect of local application of various dosages
of basic fibroblast growth factor (bFGF) upon the distraction callus of rabbit tibiae using an original modified
microdensitometry (MMD) method. We carried out limb lengthening at a speed of either 1 mm/day or 2 mm/day. The BMD
of the distraction callus at the speed of 2 mm/day was significantly lower than that at 1 mm/day (p < 0.05), and callus
formation was impaired at the speed of 2 mm/day. Finally, we applied bFGF by a single injection to the lengthened site in the
2 mm/day growth group after the termination of lengthening. The dosage of the bFGF was either 0 7:g/0.5 ml (control group),
80 12g/0.5 ml (F80 group) or 400 1 g/0.5 ml (F400 group) for the 2 mm/day group. From 3 to 6 weeks, the BMD of the F400
group was significantly higher than the control group. The BMD of the F80 group tended to be higher than the control group,
but not at a statistically significant level. These results demonstrate that the impair went to callus formation at a 2 mm/day
distraction speed was ameliorated by bFGF application. We conclude that bFGF is a promising drug in the treatment of
impaired distraction callus.



