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Correlation of bone quality in radiographic images with clinical bone quality classification
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ABSTRACT

Purpose : To investigate the validity of digital image processing on panoramic radiographs in estimating bone
quality before endosseous dental implant installation by correlating bone quality in radiographic images with
clinical bone quality classification.

Materials and Methods : An experienced surgeon assessed and classified bone quality for implant sites with tactile
sensation at the time of implant placement. Including fractal dimension eighteen morphologic features of trabecular
pattern were examined in each anatomical sites on panoramic radiographs. Finally bone quality of 67 implant sites
were evaluated in 42 patients.

Results : Pearson correlation analysis showed that three morphologic parameters had weak linear negative
correlation with clinical bone quality classification showing correlation coefficients of —0.276, —0.280, and —
0.289, respectively (p<<0.05). And other three morphologic parameters had obvious linear negative correlation with
clinical bone quality classification showing correlation coefficients of —0.346, —0.488, and —0.343 respectively
(p<0.05). Fractal dimension also had a linear correlation with clinical bone quality classification with correlation
coefficients —0.506 significantly (p<0.05).

Conclusion : This study suggests that fractal and morphometric analysis using digital panoramic radiographs can be
used to evaluate bone quality for implant recipient sites. (Korean J Oral Maxillofac Radiol 2006, 36 : 25-32)
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Fig. 1. The images acquired during morphometric processing. A,
Region of interest of trabecular bone from digital panoramic
radiograph. B, Blurred image. C, Binary image. D, Outline image.
E, Skeletonized image. F, Superimposition of skeletonized
trabeculae to A.
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KAt (Fig. 1).
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Table 1. Parameters derived from morphometric analysis

Parameters Derivatives from parameters

Mean gray level Periphery % of trabeculae
Trabecular area Length/trabecular area
Periphery Terminal points/length

Length of skeletonized trabeculae Terminal points/periphery
Number of segments Terminal points/trabecular area
Mean length of segments Branch points/length

Number of terminal points Branch points/periphery

Branch points/trabecular area

Number of branch points Branch points/terminal points

Table 2. Distribution of bone quality of implant sites

Bone quality

Total
1 II 11 v
Maxilla 1 10 10 5 26
Mandible 16 17 5 3 41
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Table 3. Summary statistics of morphometric and fractal analysis

Bone quality
Morphologic feature I 11 I v
P value
Mean SD Mean SD Mean SD Mean SD
Parameters
Mean gray level 137.6 28.1 127.2 29.6 135.6 23.9 131.8 300 .660
Trabecular area 3319 531 3414 873 3605 341 3450 667 632
Periphery 736.3 90.9 715.5 150.9 690.0 87.3 707.0  120.0 344
Skeletonized trabeculae 395.7 7.08 397.6 109.2 391.8 67.9 3949 913 996
Number of segments 5.53 2.98 4.89 3.67 4.38 1.92 4.88 3.05 732
Mean length of segments 122.3 117.5 167.1 181.5 120.1 70.5 1372 135.1 .509
Number of terminal points 16.76 6.64 13.85 6.56 12.80 5.40 1276 6.4l .035%
Number of branch points 50.76 18.02 50.52 25.63 47.13 22.18 4937 22.10 942
Derivatives
Periphery % of trabeculae 0.225 0.028 0.215 0.032 0.194 0.028 0.183  0.027 .002*
Length/trabecular area 0.120 0014 0.116 0.010 0.108 0.018 0.110 0.018 095
Terminal points/length 0.044  0.022 0.037 0.020 0.037 0.021 0.037  0.020 .106
Terminal points/periphery 0.023 0.009 0.019 0.008 0.019 0.009 0.014  0.006 086
Terminal points/trabecular area 0.005 0.002 0.004 0.002 0.004 0.002 0.003  0.013 .042%
Branch points/length 0.127 0.334 0.121 0.035 0.116 0.035 0.113  0.040 .802
Branch points/periphery 0.069 0.020 0.069 0.032 0.067 0.028 0.070  0.026 .993
Branch points/trabecular area 0.015 0.005 0.014 0.005 0.013 0.05 0.013  0.006 533
Branch points/terminal points 3.59 2.07 4.52 3.35 4.76 3.89 5.87 2.52 .338
Fractal dimension 1.722 0.090 1.693 0.091 1.590 0.114 1.553  0.125 .000*
*: p<0.05(ANOVA)
Fig. 2. Diagram showing statis-
190005 A 300000 B tically significant differences in
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Table 4. Turkey’s test of parameters showing significant differ-
ences in ANOVA

Bone quality
Parameters
I 11 HI v
Number of terminal points a a,b a,b b
Periphery % of trabeculae a a,b b,c c
Terminal points/trabecular area a a,b a,b b
Fractal dimension a a,b b,c c

The same letters indicate non-significant difference between groups based
on Turkey’s multiple comparison test.
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Table 5. Correlation between morphometric parameters and bone quality

: Mean No. of No. of Periphery
Me]eér\ll gray Traztl)ree(;ular Periphery Sg_zféggll;:d seNg:l e?lfts length of terminal branch of %
g segments points points trabeculae
Pearson _ _ _ _ _ _ _
correlation —0.057 0.149 0.222 0.022 0.136 0.070 0.346* 0.069 0.448%*
sig. (2-tailed) .645 229 071 .862 272 ST75 .004 581 .000
Terminal Terminal Periphery  Terminal  Trabeculae  Branch
t r];ggc%l?ll; e points/ points/ points/ points/ points/ point/ tBrrririlﬁl;l d-Fraﬁg?l
length periphery trabeculae length periphery  trabeculae ° mension
Pearson
correlation —0.276* —0.280%* —0.289* —0.343* —0.118 0.000 -0.167 0.208 —0.506*
sig. (2-tailed) 024 022 018 005 341 998 176 092 000

* p<0.05
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