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ABSTRACT

Purpose : To evaluate the relationship between morphometric analysis of bone microstructure from digital
radiographic image and trabecular bone strength.

Materials and Methods : One hundred eleven bone specimens with 5 mm thickness were obtained from the
mandibles of 5 pigs. Digital images of specimens were taken using a direct digital intraoral radiographic system.
After selection of ROI (100 X 100 pixel) within the trabecular bone, mean gray level and standard deviation were
obtained. Fractal dimension and the variants of morphometric analysis (trabecular area, periphery, length of
skeletonized trabeculae, number of terminal point, number of branch point) were obtained from ROI. Punch sheer
strength analysis was performed using Instron (model 4465, Instron Corp., USA). The loading force (loading speed
1 mm/min) was applied to ROI of bone specimen by a 2 mm diameter punch. Stress-deformation curve was
obtained from the punch sheer strength analysis and maximum stress, yield stress, Young’s modulus were
measured.

Results : Maximum stress had a negative linear correlation with mean gray level and fractal dimension significantly
(p<0.05). Yield stress had a negative linear correlation with mean gray level, periphery, fractal dimension and the
length of skeletonized trabeculae significantly (p<0.05). Young’s modulus had a negative linear correlation with
mean gray level and fractal dimension significantly (p < 0.05).

Conclusions : The strength of cancellous bone exhibited a significantly linear relationship between mean gray
level, fractal dimension and morphometric analysis. The methods described above can be easily used to evaluate
bone quality clinically. (Korean J Oral Maxillofac Radiol 2003; 33 : 113-9)
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Fig. 1. A, Bone specimen. B, Direct
digital intra-oral radiographic image.
The square shows region of interest

Fig. 2. A, Original image in ROL.
B, Subtraction image (standardiz-
ed image). C, Binary image D,
Outline image. E, Skeletonized
image. F, Addition of image A
and D. Note that red pixels mean
terminal points and blue pixels
mean branch points in skeletoniz-

ed image.
Table 1. Correlation matrix for mechanical strengths and all parameters
Length of  Number of Number of Branch
Melf:/ gray Tragfg;lae Periphery diﬁ{gﬁg‘én skeletonized  terminal branch -terminal
trabeculae points points ratio
. Pearson
I\Eg}ggum correlation  ~0-607 -0.074 -0.250 —~0.455 —0.168 —0.066 —0.078 0.081
) Sig. (2-tailed)  0.000 0.440 0.008 0.000 0.078 0.488 0417 0.396
. Pearson
Yslterle(ls corelation  ~0-012 —0.233 -0.377 —0.563 —0.315 —0.098 -0.172 0.194
Sig.(2-tailed)  0.000 0.014 0.000 0.000 0.001 0.308 0.072 0.042
Young’s nggglztion ~0.604 -0.325 —0.418 -0.455 -0.391 ~0.195 -0.298 0.269
|
modulus . (2-tailed)  0.000 0.001 0.000 0.000 0.000 0.040 0.001 0.004

* Correlation coefficients from linear regression analysis, significance of p<0.05

AYo = Scion image program ver 4.1 (Scion Corp., Frederick,
Maryland, USA)¢] macro® o]-8-3le] 2FA1st g3}y of

AEMEzofoz ATt BHIAEL B AP

-
Mz 4F (mean gray level), 3 WA (trabeculae area), F
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Fig. 3. Load-deformation curve.
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