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Evaluation of trabecular bone patterns on dental radiographic images: influence of cortical bone
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INTRODUCTION

Radiography is a noninvasive and/or nondestructive technique which can provide structural information about bone. Bone texture analysis 1,2 on a radiograph is supposed to give informations about trabecular bone microarchitecture. But, what do we really see on a bone radiograph? On a dental X-ray image, maxillar and mandible bone is visible around the teeth. The purpose of this study is to investigate the true anatomical structures that are visible in routine dental radiographs and classically denoted trabecular bone. For some authors real trabecular bone is highly visible in intraoral radiographs [START_REF] Couture | Visibility of trabecular structures in oral radiographs[END_REF][START_REF] Colosi | Brief communication: Bone trabeculae are visible on periapical images[END_REF] . For other authors, the intrabony trabecular pattern observed is a representation of the endosteal surface of cortical bone, not of intermedullary striae [START_REF] Ramadan | A Roentgenographic study of experimental bone destruction[END_REF][START_REF] Parfitt | An investigation of the normal variations in alveolar bone trabeculation[END_REF][START_REF] Bender | Factors influencing the radiographic appearance of bony lesions[END_REF][START_REF] Cavalcanti | The contribution of trabecular bone to the visibility of the lamina dura: an in vitro radiographic study[END_REF][START_REF] Jett | An evaluation of the origin of trabecular bone patterns using visual and digital image analysis[END_REF] . Our ultimate goal is then to characterize the correlation between the radiograph and the micro CT scan data to label each pixel or voxel either as trabecular or cortical bone.

MATERIALS AND METHODS

Digital radiographs

A dog (Beagle) mandible section in molar regions with one tooth was used as model experiment. Digital radiographs (DR) were performed using classical dental Kodak RVG system (digital radiography system, Kodak, Rochester, New-York, USA, figure 1) and D3A medical systems radiograph (digital radiography system, D3A, Orléans, France, figure 2). A Region Of Interest (ROI) including trabecular and cortical bone was determined between tooth roots. We used also radiographs performed by micro Computed Tomography (µCT). 

Micro Computed-Tomography

Using a high-resolution µ-CT (Skyscan 1072, Kontich, Belgium, voxel size about 19µm), 3Dimension (3D) image of the ROI was created (figure 3) from the same sample. From about 275 radiographs, µ-CT created 1007 slices from 3D volume. The ROI contains about 137 slices. Computed radiography (CR) images of the mandible section were compared with simulations calculated from µ-CT.

Calculated simulated radiographs

Calculated simulations were obtained using the Mojette Transform 10 by Digital Radiograph Reprojection (DRR) from the 3D ROI as depicted in figure 4.

When rq is non zero, the generic parallel Mojette projector obeys to:

where P 32 is a 3x2 projection matrix of direction (p,q,r), (b 1 ,b 2 ) is the digital position of a bin onto the radiograph and (k,l,m) the voxel position. In this problem, we manage the experimental situation to reduce the (p,q,r) projection angle to equal (1,0,0) which leads to the simplified equation: By digitally editing the CT volumes, the simulations were separated into trabecular and cortical components into a 3D ROI which was also reprojected. The separation into trabecular and cortical components on the 137 slices was obtained using two ways: line sections at the junction cortical-trabecular bone and individualized section (human drawing on several images, computed drawing on others images using interpolation as results in figure 5). The Mojette parallel projector was used to obtain several images from portions of the 3D ROI (the rest of the 3D volume is set to zero) :

proj(b 1 ;b 2 ,p,q,r) = M f(k,l,m) = ∑ k ∑ l ∑ m f(k,l,m) ((⎝ ⎛ ⎠ ⎞ b 1 b 2 -P 32 ⎝ ⎜ ⎛ ⎠ ⎟ ⎞ k l m )) proj(b 1 ;b 2 ,p,q,r) = M f(k,l,m) = ∑ k f(k,,
-Full bone (cortical and trabecular bone) with different positions of line sections (several translations about 300µm from the two initial line sections at position 0, see figure 6):

-Trabecular bone (with different thickness ranging from position 0, +600µm, +1200µm,+1800µm, -600µm, -1200µm) -Cortical bone (with different thickness ranging from position 0, +600µm, +1200µm, -600µm, -1200µm,-1800µm) -Jonction zone between cortical and trabecular bone (addition of the 2 junctions zone with different thickness : ranging from 600 to 1200µm and different positions) -Cortical and trabecular bone but without the 2 junction zones cortical-trabecular (with different thickness of the junction zone cortical-trabecular 600 to 1200µm ) with individualized section (figure 7):

-Trabecular bone -Cortical bone

The Mojette projection created about 35 different images parallel rays -DRR.

Correlation between radiographs et simulated images obtained using the Mojette Transform

To assess the abilities of the Mojette Transform in performing calculated images similar to radiographs, radiograph of the ROI was compared to full bone (cortical and trabecular bone) image of the ROI computed by the Mojette Transform. Subtraction on images and linear correlation were used. In the same way, we compared radiograph of the ROI and the addition of two images of the ROI simulated by Mojette Transform : image of trabecular bone and image of cortical bone.
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Bone microarchitecture parameters

Bone microarchitecture parameters on the trabecular zone of the ROI were calculated using µCT software (CT AN, Skyscan 1072, Kontich, Belgium).

Evaluation of trabecular bone patterns on dental radiographic images

We used comparison between images to evaluate trabecular bone patterns and determinate the influence of cortical bone. All simulated images were compared to full bone (cortical and trabecular bone) image (similar to a dental radiograph). Linear correlation coefficient was performed.

RESULTS

Calculated simulated radiographs using the Mojette Transform

About 35 different images, radiographic calculated simulations, were obtained using the Mojette Transform on the ROI (figure 8). From a visual evaluation, images of trabecular bone and images of full bone without the 2 junction zones trabecularcortical always appeared to be nearly similar to ROI radiograph. Cortical bone images or junction bone images did not appear to be similar to ROI radiograph. 

Bone microarchitecture parameters

Linear correlation with the full bone image

Table 2 summarizes the correlation results. According to its border positions, the trabecular bone images have a linear correlation result between 0.84-0.97. The cortical bone images have a linear correlation result between 0.53-0.87 . The junction zone trabecular-cortical bone have a linear correlation result between 0.61-0.86. The full bone (without the 2 junction zones trabecular-cortical bone) images have a linear correlation result between 0.84-0.99 .

DISCUSSION

A high correlation was found between radiographs and calculated simulations from micro-CT (linear correlation=1, perfect black issued from images subtraction). The used of Mojette Transform was successful and allowed us to compare the images obtained by parallel rays DRR to determinate the influence of cortical bone.

We used Beagle dog mandible section because this bone is very similar to human mandible bone [START_REF] Bodic | Computed tomography assessment of alveolar filling with an injectable bone substitute[END_REF] . The trabecular part of the ROI presents a high density bone with 68 % bone (volume), a low trabecular separation (0.5mm) and an important trabecular thickness (0.65mm). These calculated bone microarchitecture parameters in the ROI could be found in some human mandible.

According to the visual evaluation, we obtained a better linear correlation coefficient with trabecular bone images than with cortical bone images (typical 0.97 versus 0.75 with section line method or 0.88 versus 0.74 with individualized section method) or than with trabecular-cortical junction zone (including cortical bone endosteal surface) images (typical 0.97 versus 0.75). On full bone images, the suppression of the 2 junction zones did not decrease highly the linear correlation coefficient (typical 0.96). In all cases, results with the different line sections showed that the linear correlation decreases when trabecular bone decreases. In the same way, in the steps of trabecular bone suppression, linear correlation decreases slowly on trabecular bone images according to the poor linear correlation of junction zone. Cortical bone or junction zone between trabecular and cortical bone did not contribute to change in a major way simulated images. These results of this preliminary study may imply that:

-intrabony trabecular pattern observed on radiographs can not only be a representation of the cortical bone endosteal surface, -cortical bone do not really change the image on the radiograph, -trabecular bone is highly visible in intraoral radiographs.

It has been shown that the analysis of two dimensional (2D) bone X-ray images is a good way for quantifying alterations in the three dimensional bone micro-architecture. Nonetheless, the 2D actual measurement is not a direct assessment of the 3D bone properties [START_REF] Jennane | Estimation of the 3D selfsimilarity parameter of trabecular bone from its 2D projection[END_REF] . These results allows for completing the analysis between the 2D radiographs that can be obtained in a routine manner from patients and the 3D underlying bone structure.

CONCLUSION

The Mojette transform was successfully employed to obtain high quality reprojected images (parallel rays DRR) and could be used in 2D and 3D medical images for bone texture analysis. Links between 2D radiographs and 3D micro CT for bone characterization have already been studied. However, the digital tools used here and the high correlations obtained allows for optimistic future characterization on alive bone through only radiographs. According to this work, cortical bone or cortical bone endosteal surface are poorly visible in intraoral radiographs. Intermedullary striae and trabecular bone are highly visible and permit efficient texture analysis. The knowledge of bone anatomical structures which are visible in digital reprojected radiographs is useful for a future better 3D bone analysis.
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 1 Figure 1: Digital dental radiograph Kodak Figure 2 : D3A medical system radiograph
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 3 Figure 3 : ROI 3D reconstruction (µCT)
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Figure 4 Mojette

 4 Figure 4 Mojette Transform and DRR

Figure 5

 5 Figure 5 Individualized section of trabecular bone on several slices (human drawing and interpolation)

Figure 6 Figure 7

 67 Figure 6 Separation between cortical and trabecular bone in the ROI (line section)

Figure 8 :

 8 Figure 8: Three examples of calculated simulation image of the ROI : Bone (full projection trabecular and cortical bone), Trabecular bone alone and Cortical bone alone (line section at position 0). D and M : distal and mesial orientation.

  Please verify that(1) all pages are present, (2) all figures are acceptable, (3) all fonts and special characters are correct, and (4) all text and figures fit within the margin lines shown on this review document. Return to your MySPIE ToDo list and approve or disapprove this submission.

7626 -57 V. 3 (p.2 of 10) / Color: No / Format: A4 / Date: 2010-01-18 04:27:19 AM SPIE USE: ____ DB Check, ____ Prod Check, Notes:

  b 1 ;b 2 )Please verify that (1) all pages are present, (2) all figures are acceptable, (3) all fonts and special characters are correct, and (4) all text and figures fit within the margin lines shown on this review document. Return to your MySPIE ToDo list and approve or disapprove this submission.

7626 -57 V. 3 (p.3 of 10) / Color: No / Format: A4 / Date: 2010-01-18 04:27:19 AM SPIE USE: ____ DB Check, ____ Prod Check, Notes:

Table 1

 1 Please verify that(1) all pages are present, (2) all figures are acceptable, (3) all fonts and special characters are correct, and (4) all text and figures fit within the margin lines shown on this review document. Return to your MySPIE ToDo list and approve or disapprove this submission.

presents the bone microarchitecture parameters of the trabecular zone of the ROI. 7626 -57 V. 3 (p.6 of 10) / Color: No / Format: A4 / Date: 2010-01-18 04:27:19 AM SPIE USE: ____ DB Check, ____ Prod Check, Notes:

Table 1

 1 Bone microarchitecture parameters from µCT.
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	Tissue volume	TV	57,19979	mm^3
	Bone volume	BV	39,43129	mm^3
	Percent bone volume	BV/TV	68,93607	%
	Tissue surface	TS	114,16948	mm^2
	Bone surface	BS	229,24168	mm^2
	Intersection surface	i.S	93,15771	mm^2
	Bone surface / volume ratio	BS/BV	5,8137	1/mm
	Bone surface density	BS/TV	4,00774	1/mm
	Trabecular pattern factor	Tb.Pf	-1,2197	1/mm
	Centroid (x)	Crd.X	8,17915	mm
	Centroid (y)	Crd.Y	11,16222	mm
	Centroid (z)	Crd.Z	10,49072	mm
	Structure model index	SMI	-0,3307	
	Trabecular thickness	Tb.Th	0,65245	mm
	Trabecular number	Tb.N	1,0565	1/mm
	Trabecular separation	Tb.Sp	0,5035	mm
	Degree of anisotropy	DA	2,22566 (0,55070)	
	Fractal dimension	FD	2,09313	
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Table 2

 2 Linear correlation values between full bone ROI image and simulated images

	TRABECULAR BONE	
	Trabecular bone position 0	Trabecular bone + 600µm
	0.96998	0.97052
	Trabecular bone + 1200µm	Trabecular bone + 1800µm
	0.97151	0.96021
	Trabecular bone -600µm	Trabecular bone -1200µm
	0.93015	0.84824
	CORTICAL BONE	
	Cortical bone position 0	Cortical bone + 600µm
		0.74737
	0.74702	
	Cortical bone + 1200µm	Cortical bone -600µm
	0.87516	0.74608
	Cortical bone -1200µm	Cortical bone -1800µm
	0.73663	0.53944
	JUNCTION ZONE CORTICAL-	
	TRABECULAR	
	Junction zone 1200µm *2 (-600µm +600µm)	Junction zone 600µm *2 (-600µm -1200µm)
	0.74752	0.75246
	Junction zone 1200µm *2 (-1200µm 0µm)	Junction zone 600µm *2 (0µm +600µm)
	0.75024	0.74598
	Junction zone 1200µm *2 (0µm+1200µm)	Junction zone 600µm *2 (0µm -600µm)
	0.86050	0.74681
	Junction zone 600µm *2 (+600µm +1200µm)	Full bone without the 2 junction zones (+600µm +1200µm)
	0.61450	0.84348
	FULL BONE WITHOUT JUNCTION ZONES	
	Full bone without the 2 junction zones (-600µm +600µm)	Full bone without the 2 junction zones (-600µm -1200µm)
	0.95905	0.99643
	Full bone without the 2 junction zones (-1200µm 0µm)	Full bone without the 2 junction zones (0µm +600µm)
	0.99358	0.96385
	Full bone without the 2 junction zones (0µm +1200µm)	Full bone without the 2 junction zones (0µm -600µm)
	0.88345	0.99842
	INDIVIDUALIZED SECTION	
	Trabecular bone (individualized section)	Cortical bone (individualized section)
	0,87894	0,74428
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