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Abstract : The objective of this study was to establish an X-ray radiographic evaluation method
of regenerated bone by comparison of X-ray photograph, bone mineral content, and bone
morphometry by microfocus X-ray CT in a bone regeneration model using an acidic gelatin disc
(AGD) containing a sustained release basic fibroblast growth factor (bFGF) system.

A defect 6 mm in diameter was made in the cranium of 36 Wistar rats aged 16 weeks (6 animals
per group). bFGF (1.0 and 10.0 yg) and physiological saline (control) were added to AGD with a water
content of 81.8 * 0.2%, and the discs were implanted in the bone defects. The animals were
sacrificed after 4 and 8 weeks, and evaluated.

Regenerated bone was evaluated by X-ray photodensitometry using an aluminum step wedge
and imaging plate (IP) and based on the CT concentration (pixel concentration) and volume on
microfocus X-ray CT.

Photodensitometry showed that bFGF promoted bone regeneration with time in a concentra-
tion-dependent manner. Microfocus X-ray CT also detected similar changes in the pixel
concentration in the regenerated region and the regenerated bone volume, clarifying that bFGF
promoted bone regeneration. The relative aluminum concentration measured by photoden-
sitometry and the pixel concentration measured by microfocus X-ray CT were correlated. It was
revealed that microfocus X-ray CT can non-invasively evaluate regenerated bone, and is capable of
quantitative and 3 -dimensional analyses. These findings suggested that microfocus X-ray CT is
useful for the assessment of regenerated bone in the clinical application of regenerative medical
methods.

Key words : microfocus X-ray CT, basic fibroblast growth factor, acidic gelatindisc, regeneration
bone.
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Fig. 1. A sample of acidity gelatin discs (AGD)
The discs contained saline or bFGF.
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Fig. 3. Bone mineral content by photoden-
sitometry method
A : The aluminum foils on the X-ray
film as a reference
B : Samples of experimental cranium
with bone defects

Fig. 2. Experiment procedure
A : Incision of the parietal skin of a rat
B : Perforation of the cranium : Making a
bone defect of 6 mm in diameter with an
implant bar
C : Implantation of the AGD with saline or
bFGF
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Fig. 4. Relation between pixel value and alumi-
num thickness (mm Al)
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Fig. 5. Radiographic findings of cranium defects after implantation
: Control sample at 4 weeks
: A sample with AGD containing 1.0¢g bFGF at 4 weeks

: A sample with AGD containing 10.04g bFGF at 4 weeks
: Control sample at 8 weeks
: A sample with AGD containing 1.0pg bFGF at 8 weeks

: A sample with AGD containing 10.0ug bFGF at 8 weeks
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Table 1. Bone mineral content of cranium defects after implantation measured by photodensitometry

method
There are significant differences amoné the groups both at 4 weeks and at 8 weeks after
implantation. The values of control, bFGF 1.04g and bFGF 10.0ug at 8 weeks were significantly

higher than those at 4 weeks, respectively.
Bone mineral content (mm Al) (Mean=*S. D))

Experimental
group 4 weeks (n=26) 8 weeks (n=6)
¥
control 2.12+0.84 — 3.34%0.59 —
K pr E*
bFGF 1.0pg 3712043  *x 6.590.36 — **
E¥ pr E¥
bFGF 10.0ug 4521+0.04 8.46710.99
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Fig. 6. Microfocus X-ray CT 3D photogaphs of cranium defects after implantation

: Control sample at 4 weeks

: Control sample at 8 weeks

DTEHOO W

Fig. 7. Microfocus X-ray CT 3D photogaph of a
cranium defect
The bone was regenerated from periosteum
side.
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: A sample with AGD containing 1.0ug bFGF at 4 weeks
: A sample with AGD containing 10.0ug bFGF at 4 weeks

: A sample with AGD containing 1.04g bFGF at 8 weeks
: A sample with AGD containing 10.0ug bFGF at 8 weeks
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Table 2. Bone volume of cranium defects after implantation measured by Microfocus X-ray CT
There are significant differences among the groups both at 4 weeks and at 8 weeks after
implantation. The values of control, bFGF 1.04g and bFGF 10.0ug at 8 weeks were significantly

higher than those at 4 weeks, respectively.

Bone volume (mf) (Mean=S. D.)

Experimental
group 4 weeks (n=6) 8 weeks (n=6)
T
control 0.424+0.06 —, 2451056 — "
* %k i ¥
_ _
bFGF 1.0ug 0.61+0.08 = 3.3410.56 —
Kk pp R
bFGF 10.0ug 1.24=+0.17 8.17+1.14

* 1 p<0.05, tt. x* : p<0.01

Table 3. Ratio of regeneration bone in bone defects after implantation measured by Microfocus X-ray CT
The values of bFGF 10.0ug were significantly higher than those of control and of bFGF 1.04g
both at 4 weeks and 8 weeks. The values of control, bFGF 1.04g and bFGF 10.0ug at 8 weeks
were significantly higher than those at 4 weeks, respectively.

Ratio of bone regeneration in bone defects

Experimental (%) (Mean=*S. D.)
group
4 weeks (n=6) 8 weeks (n=16)
T
control 1.48+0.37 8.981.96
N oo
bFGF 1.0ug 190043 — % 10.39343 — *x*
3 p
bFGF 10.0ug 3.99t1.67 24.007.67
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Table 4. Pixel value of regenerated bone in bone defects after implantation measured by Microfocus

There were no significant differences among all the values at 4 weeks and 8 weeks.

Experimental Pixel value (Pixel X109 (Mean=S. D.)
group 4 weeks (n=6) 8 weeks (n=6)
control 3.47%£0.01 3.511+0.02
bFGF 1.0ug 3.521+0.01 3.5810.02
bFGF 10.0ug 3.562710.01 3.6310.01
Pixel value Pixel value
(x10%) (x10%)

370 M control 3.70 M control
Alpg ( Alug
®10ug ®10ug

3.65| Y=0.0186x + 3.4413 3.65F Y=0.0224x + 3.4341

(r=0.76, p<0.01) (r=0.98, p<0.01)
()
)

3.60 3.60

3.55F 355

3.50 350+

3-45 i 1 3.45 1 1 1 1 L 1 L 1 1 1

0 1 2 3 4 5 6 7 8 ] 10 (o] 1 2 3 4 5 6 7 8 9 10

mm Al

mm Al

Fig. 8. The scatter diagram of bone mineral content and relative concentration

A : 4 weeks after implantation
B : 8 weeks after implantation

The diagrams shows significant positive correlation between them.
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(2418 8 Wtk

bFGF10.0pg&HF# (Q4.0L£7.67%) (2XIIEEE
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EDRNCEBEEERD IS - 12,

(315 hE 4 8% & o0 8 B O s
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nenz 4% E SEBIC >V THIET 3 &,
RIS 8 BEEN BRI L TEEILS L
ff (p<0.01) ZRL 7,

3) B vIVEEE (Table 4)

SR T, 4% 133.4710.01 X104 Pixel
T, SHA3.5120.02X10* Pixel & I1ZIE[E L
BIETH -7, £7- bDFGFL0ugSHETIE, 4
A% 133.5210.01x10" Pixel T, 88%3.58+L
0.02x10" Pixel L ZIERIUEMETH 720 &5
IZ bFGF10.0pg&E# 13, 4:181%13352+0.01
X10* Pixel T, 8 #1%£33.6340.01x10" Pixel
ETNRTOBEICBWTE Y L IVEREEIC 1330
DI > 12,

1) BEBBLUL Y e VIEEBOBG (Fig.
8 AB)
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CTEEEOHEINED 2 DD, 7 vIVERE
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