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A fractal analysis of bone phantoms from digital images
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Department of Dentomazxillofacial Radiology, Oral Biology Research Institute, Chosun University

ABSTRACT

Purpose : (1) To analyse the effect of exposure time, ROI size and one impact factor in the image processing proce-
dure on estimates of fractal dimension; and (2) to analyse the correlated relationship between the fractal dimension

and the Cu-Eq value (bone density).
Materials and Methods :

The cylindric bone phantoms of 6 large and 5 small diameter having different bone

densities respectively and human dry mandible segment with copper step wedge were radiographed at 1.0 and 1.2
sec esposure (70kVp, 7 mA) using one occlusal film and digitized. Eleven rectangular ROIs from 11 cylindric bone
phantoms and 4 rectan-gular ROIs from cortical, middle, periodontal regions, and socket of bone were selected.
Gaussian blurred Image was subtracted from original image of each ROI and multiplied respectively by 1, 0.8, and
0.5, and then the image was made binary, eroded and dilated once, and skeletonized. The fractal dimension was
calculated by means of a box counting method in the software Imagel.

Results :

The fractal dimension was decreased gradually with continued bone density decrease showing strong

correlations (bone phantom; r>0.87, bone; r>0.68) under 70kVp 1.0 sec M =0.8. Fractal dimensions showed the
significant differerence (p < 0.05) between two different exposure times on the same small ROI of bone phantom.
Fractal dimensions between two different sizes of ROI on bone phantom showed the significant differerence
(p<0.05) under 1.2 sec exposure, but did not show it (p>0.05) under 1.0 sec exposure.

Conclusions

: Exposure time, ROI size, and modifying factor during subtracting could become impacting on the

results of fractal dimension. Fractal analysis with thoroughly evaluated method considering the various impacting
factors on the results could be useful in assessing the bone density in dental radiography. (Korean J Oral

Maxillofac Radiol 2005; 35 : 33-40)
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Table 1. Densities of tooth ash (hydroxyapatite) in 6 large (LD)
and 5 small diameter (SD) cylindric bone phantoms (mg/cm®)

LD 38.1 28.6 17.9 94 46 24
SD 823 62.7 444 204 10.3

Cupper step wedge

Large diameter group
(resin block,
6 cylinders)

Hydroxyapatite

Small diameter group
(resin block,
5 cylinders)

i—lumar dry mandible segmernt
: (bone)

Fig. 1. Materials used in this study.
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Rectangular ROI

Fig. 2. Radiographic image of Cu step wedge, bone, and bone
phantoms and rectangular ROIs.
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(Original image —Gaussian blurred image)
XM(=1, 0.8, 0.5)+ 128 = Subtracted image

Making Binary image at threshold value (126)

Erode 1
Dialtel

Skeletonize

Fig. 3. Schematic illustration of image processing; Gaussian
blurred Image was subtracted from original image and multiplied
respectively by 1, 0.8, 0.5, and 128 was added to the result at each
pixel location and then the image was made binary, thresholding
on a grey value of 126, eroded and dilated once, and skeletonized.
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Fig. 4. Fractal dimensions and skeletonized images of bone
resulted by M=1, 0.8, and 0.5 respectively from formula (Original
I—Gaussian blurred I) X M+-128 for image processing.

Y
i %@
P .

. ~aff—

TN 2RE) U= A4 HARA (<
000)E el o124 +
stk 99 =29 Aot 9 o 2HH FAGA
2ol 9% AE oA o

o
B
Y
ﬂo(_vl
-3
R
o

>.

5t 93 FEAA A A AL
1 o) dejxl FAztF A} FUxe W] wel &<t
FEE atelE Ro|A] gston] AYAE F
LE7p @23Rol A Zke] vk oFAbe] vreldl (Fig. 4).
FAAS7E 059 W &IHor VR Fxq Aeole
Hojw ko FFekx|e] FHEEA 1 ofsle] Zaeka}
A vepliglon] H8 FREY ZdgdxdF 3L F
A zo A vk dA}e] eyt (Fig. 4).
$RAA 7 0.8Y W 70 Vp 1.0 =22 iR HRAlA
el AR Al StH oz gntalA 1 =29
AR zelg velllom «v] EAA FRHEL] YW W
9] U xe] dHsledx ZALXA o] v mA ¥ 3T
A el 1 vk EAA s JeR)R] ok} (Figs. 4, 5).
dAg AH 9 zAolgt® JAFAAMEA A A ol
olgt FFo] Aol o ekl 7 AdFAYE el
WA 25 A7t dA st

0.68 (Fig. 6)& L}ebA T
FREAA =2A Aolo] o8 BAF L A
doiolA folT TAURAL o] (p<0.05)8 ncH

ZAzsletHe Y xZoM 2 FAGdH A
Fig. 5. Skeletonized images of bone phan-
toms resulted by M = 0.8 from formula (Ori-

ginal I—Gaussian blurred I} X M+ 128 for
image processing.

Large diameter

HEE

[j gi



Table 2. Fractal dimension and copper equivalent value (Cu-Eq)
of each ROI in bone phantoms

1.0sec 1.2 sec
mg/em®*  Cu-Eq Small ROI* Large ROI  Cu-Eq Small ROI*
82.73 0.263 1.620 1.620 0.275 1.546
62.73 0.207 1.591 1.591 0.220 1.559
4443 0.136 1.554 1.554 0.138 1.480
38.13 0.131 1.537 1.562 0.120 1.459
28.61 0.099 1.485 1.505 0.096 1.370
20.43 0.061 1.443 1.443 0.060 1.237
17.93 0.058 1.428 1.424 0.048 1.261
10.25 0.030 1.258 1.258 0.021 1.230
942 0.024 1.232 1.246 0.019 1.240
4.64 0.007 1.091 1.144 0.002 1.219
2.43 0.001 1.206 1.118 0.000 0.938
Cc"(f;f%f‘gg;‘t 0.885 0.885 0.870

*significant difference (p<0.05)

Table 3. Correlation coefficient among fractal dimensions, size of
ROI and exposure in dry mandible segment

1.0small  1.0large 1.2small 1.2large
1.0small 1.000 0.335 0.391
1.0large 0.353 0.409
1.2 small 0.998
1.2 large

Table 4. Correlation between fractal dimension and Cu-Eq of
each ROI in bone phantom exposed 1.0 sec

Small diameter Large diameter

Cu-Eq Small ROI Cu-Eq  SmallROI  Large ROI
0.263 1.620 0.131 1.537 1.562
0.207 [.591 0.099 1.485 1.505
0.136 1.554 0.058 1.428 1.424
0.061 1.443 0.024 1.232 1.246
0.030 1.258 0.007 1.091 1.144

0.001 1.206 1.118
Correlation
coefficient 0.900 0.939 0.973

Table 5. Correlation between fractal dimension and Cu-Eq of
each ROI in bone phantom exposed 1.2 sec

Small diameter Large diameter

Cu-Eq Small ROI Cu-Eq Small ROI*  Large ROI*
0.275 1.546 0.120 1.459 1.695
0.220 1.559 0.096 1.370 1.673
0.138 1.480 0.048 1.261 1.582
0.060 1.237 0.019 1.240 1.542
0.021 1.230 0.002 1.219 1.446
0.000 0.938 1.489
Correlation
coefficient 0.937 0.840 0971

*significant difference (p < 0.05)
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Fig. 6. Fractal dimension and copper equivalent (Cu-Eq) value in
dry mandible segment (r =0.68, 70 kVp 1.0 sec exposure, sub-
tracted image multiplied by 0.8, threshold on a grey scale of 126).
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Table 6. Fractal dimension of each ROl in dry mandible segment

1.0sec 1.2sec
Small ROI Large ROI Small ROI Large ROI
Cortical 1.623 1.660 1.646 1.631
Middle 1.586 1.627 1.517 1.505
Perio 1.526 1.578 1.290 1.305
Socket 1.186 1.321 1.443 1.425
p-value 0.064 0.389
p-value $5:0.953 11:0.389

ss: small ROI 1.0 sec and small ROI 1.2 sec
11: large ROI 1.0sec and large ROI 1.2 sec
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