
Posted at the Institutional Resources for Unique Collection and Academic Archives at Tokyo Dental College,

Available from http://ir.tdc.ac.jp/

Title
Accuracy in measurement of trabecular bone

structure with dental limited cone-beam CT

Author(s) Usami, A; Suzuki, Y; Itoh, I

Journal 日本口腔検査学会雑誌, 1(1): 20-23

URL http://hdl.handle.net/10130/1951

Right



20

Original

Accuracy in measurement of trabecular bone structure with 

dental limited cone-beam CT

Akinobu Usami 1) ＊ , Yousuke Suzuki 2), Ichizoh Itoh 1)

1) Division of Oral Anatomy, Department of Morphological Biology, 2) Department of Radiology and Diagnosis,

Ohu University School of Dentistry

＊：31-1 Misumido Tomita-machi Koriyama, Fukushima 963-8611 Japan  

TEL&FAX: +81-24-932-9087 

e-mail: a-usami@den.ohu-u.ac.jp

Abstract

Objective: The aim of this study was to evaluate the accuracy in measuring trabecular 

bone structure in zygomatic bone using dental limited volume cone-beam CT (CBCT). 

Study Design: Ten zygomatic bone samples from 5 cadavers were examined by CBCT.

After acquiring CBCT images, sections were produced and soft X-ray photographs were 

taken. Using these images, to compare the ratio of bone area to total area of soft X-ray 

photographs and CBCT images, the accuracy of CBCT images was evaluated. 

Result: The correlation coefficient between BA/TA of CBCT and soft X-ray images was 

found to be 0.83. 

Conclusion: Though CBCT cannot generate a CT value, quantification of trabecular bone 

can be performed by converting CBCT images to a binary format with adequate form.
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Introduction

Usually, as a subjective evaluation method of bone 

quality, the classification method of Lekholm1) is 

used. As an objective method, classification based 

Hounsfield units of the bone, so called quantitative 

CT, is often applied2)3). CBCT is not able to be 

evaluated using Hounsfield units because its field of 

view is limited. CBCT is useful for diagnosis with its 

high resolution, but accurate quantitative evaluation 

with CBCT images cannot be performed directly. 

 The accuracy of CBCT in the measurement 

of distances has been investigated thoroughly 4)-10). 

However, there are few reports in the literature on 

the analysis of trabecular bone structure. 

 Therefore, the structural properties of 

trabecular bone were examined from CBCT images 

using image processing methods.
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Materials and Methods

Specimens：Ten zygomatic bones from 5 Japanese 

male cadavers were used (mean age: 70.6). In all 

specimens, 2 reference holes 2 mm in diameter were 

made using a 1.8 mm wide dental bur. The reference 

holes were set on the reference plane parallel to the 

Frankfort Horizontal plane and 10 mm above the 

jugale (Fig. 1).

CBCT images：

A  s e r i e s  o f  r a w  d a t a  i m a g e s  i n c l u d e 

zygomaticoalveolar crest, foramen infraorbitale, and 

reference holes were obtained using a CBCT (3DX 

Multi-image micro CT FPD, MORITA, Kyoto) at 5 mA 

and 80 kV with a single 360˚ rotation. The image 

slices were reconstructed with 0.125 mm isometric 

voxels.

Bone slice segments：

After CBCT scanning was completed, the zygomatic 

bones were removed from the cadavers.  Al l 

specimens were dehydrated in an ascending 

concentration series of alcohol rinses and embedded 

in polyester resin (RIGOLAK, NISSHIN EM, Tokyo) 

without decalcification. The measuring plane was 

set as parallel to and 20 mm under the reference 

plane. The embedded specimens were placed in a 

micro-cutting machine (BS300CP, MEIWAFOSIS, 

Osaka), then 500 μ m thick sections were cut from 

the measuring plane. The segments were placed on 

soft X-ray film (Fuji X-ray film, Fuji Film, Tokyo) and 

irradiated at 21 kV, 3 mA, for 7 sec and from a range 

of 35 cm. All soft X-ray films were digitalized using 

a transmission image scanner (ES-8500, EPSON, 

Tokyo).

Correlation between CBCT and soft X-ray images：

The projection data was reconstructed with i-VIEW 

software (MORITA, Kyoto) and realigned using 

the reference holes. CBCT images corresponding 

to 0.5 mm thick segments were reconstructed at 

the same site. Median filtering and conversion to 

binary format by discriminant analysis was used to 

reconstruct the CBCT and soft X-ray images. Then, 

the regions of interest (ROIs) were designated at 

the same respective sites. The ROI was a square 25 

pixels on a side without cortical bone. (Fig. 2)  The 

ratio of the bone area to total area (BA/TA ratio) and 

the coefficient of correlation between CBCT and soft 

X-ray images were calculated. 

Results

CBCT images：

Using median filtering and conversion to binary 

format by discriminant analysis, it was possible to 

extract the data on bone elements from the CBCT 

images of zygomatic bone (Fig. 2).

Correlation between CBCT and soft X-ray images：

As a result of the BA/TA measurements in each of 

10 ROIs of CBCT and soft X-ray images, the average 

values were 48.0 ± 22.8% and 41.7 ± 22.3%, 

respectively.  The correlation coefficient in BA/TA 

between CBCT and soft X-ray images was 0.8 in this 

study (Fig. 3).

Discussion

In order to evaluate the structural properties of bone, 

directly comparable data is required. In this study a 

quantitative evaluation method of trabecular bone 

structure was evaluated using CBCT images that are 

readily available for clinical diagnosis but are difficult 

to analyze quantitatively by only itself.

 In a study using dry hemimandibles, the 

BA/TA ratio in CBCT images indicated higher values 

Fig.1: Schematic diagram of the measuring plane in zygomatic 
bone Reference hole: Parallel to the FH plane and 10 mm above 
jugale. The diameter is 20 mm. Reference plane: Parallel to the 
FH plane and includes the lower margin of the reference hole.  
Measuring plane: Parallel to, but less than 20 mm below, the 
reference plane.
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Fig.2: CBCT image and visual explanation of image processing 
with an example. （upper panels：soft X-ray images、lower 
panels：CBCT images）A：Region of interest (ROI) B：Median 
filtered image of A  C：Binary image of B

Fig.3: Relationship of the total bone area ratio (BA/TA) between 
CBCT and soft X-ray images

than bone slice segment images 5). It was suggested 

that this disagreement was caused by the loss of 

non-continuous trabecular bone in the bone slice 

segments, which had not been embedded in resin 

in order to avoid the occurrence of artifacts. In 

this study, all specimens were embedded in resin 

after CBCT images were obtained, so the loss of 

non-continuous trabecular bone was avoided. 

However, the BA/TA ratio in CBCT was still higher, 

and the coefficient of correlation of the bone ratio 

between CBCT images and bone segments was 0.8. 

Because of the production of artifacts, partly non-

continuous trabecular bone in soft X-ray images 

became continuous trabecular bone in CBCT images 

and narrow spaces among trabecular bone in 

segments became linked in CBCT images. Conversely, 

although treated as artifacts in CBCT images after 

converting to binary format, narrow trabecular 

bone regions were subsequently missing. It is 

suggested that the elimination of artifacts from soft 

tissue and bone of craniofacial was not sufficient 

during image data processing. The signal to noise 

ratio (S/N) was affected by the mounting position, 

movement artifacts, metal artifacts, and so on 6). In 

addition, polymerization shrinkage might deform 

the trabecular bone structure in the bone segments 

to some degree. Therefore, the ratio of trabecular 

bone was higher in CBCT images. The conventional 

CBCT system consists of an X-ray tube and image 

intensifier (I.I.), but in this study a CBCT system 

with a flat panel detector (FPD) was used. Image 

deformation was reduced using the FPD. However, 

the CBCT system uses a two dimensional detector, 

which can be affected by scattered radiation. 

 A previous study analyzed the three 

dimensional internal structure of zygomatic bone 

and reported that the trabecular bone structure in 

zygomatic bone was different between dentulous 

and edentulous bone 11). The microstructure of the 

trabecular bone influences its mechanical properties 
12). The CT value was influenced by the cortical bone 

thickness, so the CT value alone has limitations in 

evaluating trabecular bone structure 13). To evaluate 

the morphological properties of bone accurately, the 

analysis of trabecular bone was required. Therefore, 

an attempt to evaluate the internal structure of 

zygomatic bone using CBCT was a valuable exercise. 

 In conclusion, this study showed that 

it is valuable to evaluate trabecular bone with 

CBCT objectively. For accuracy, it is necessary to 

examine counter measures to artifacts caused by the 

mounting position, halation, motion, metal, etc. 

Usami et al.　Accuracy in measurement of trabecular bone structure with dental limited cone-beam CT



JJ S E D P Vol. 1 No. 1:               , 2009

23

References

1) Lekholm U, Zarb GA: Patient Selection, Preparation: In 
Brånemark, P-I, Zarb GA, Alberktsson T, eds. Tissue-
integrated prostheses. Osseointegration in clinical 
dentistry, Chicag: Quintessence, 1985: 199-209 

2) Shahlaie M, Gantes B, Schulz E, Riggs M, Crigger M: 
Bone density assessments of dental implant sites: 1. 
Quantitative computed tomography, Int J Oral Maxillofac 
Imp, 18: 224-231, 2003

3) Aranyarachkul P, Caruso J, Gantes B, Schulz E, Riggs M, 
Dus I, Yamada JM, Crigger M: Bone density assessments 
of dental implant sites: 2. Quantitative cone-beam 
computerized tomography, Int J Oral Maxillofac Imp, 20: 
416-424, 2005

4) Kobayashi K, Shimoda S, Nakagawa Y, Yamamoto A: 
Accuracy in measurement of distance using limited cone-
beam computerized tomography, Int J Oral Maxillofac 
Imp, 19: 228-231, 2004

5) Naitoh M, Katsumata A, Mitsuya S, Kamemoto H, Ariji 
E: Measurement of mandibles with microfocus X-ray 
computerized tomography and compact computerized 
tomography for dental use, Int J Oral Maxillofac Imp, 19: 
239-246, 2004

6)  Katsumata A, Hirakawa A, Noujeim M, Okamura S, 
Naitoh M, Fujishita M: Image artifact in dental cone-beam 
CT, Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 
101: 652-657, 2006

7) Hashimoto K, Kawashima S, Araki M, Iwai K, Sawada K, 
Akiyama Y: Comparison of image performance between 
cone-beam computed tomography for dental use and 
four-row multidetector helical CT, J Oral Sci, 48: 27-34, 
2006

8) Lascala CA, Panella J, Marques MM: Analysis of the 
accuracy of linear measurements obtained by cone beam 
computed tomography(CBCT-NewTom), Dentomaxillofac 
Radiol, 33: 291-294, 2004

9) Pinsky HM, Pinsky RW, Misch KA, Sarment DP: Accuracy 
of three- dimensional measurements using cone-beam 
CT, Dentomaxillofac Radiol,  35: 410-416, 2006

10) Hashimoto K, Arai Y, Iwai K, Araki M, Kawashima S, 
Terakado M: A comparison of a new limited cone beam 
computed tomography machine for dental use with a 
multidetector row helical CT machine, Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod, 95: 371-377, 2003

11) Kato Y, Kizu Y, Tonogi M, Ide Y, Yamane G: Internal 
structure of zygomatic bone related to zygomatic fixture, 
J Oral Maxillofac Surg, 63: 1325-1329, 2005

12)  Ito M, Ikeda K, Nishiguchi M, Shindo H, Uetani M, 
Hosoi T: Multi-detector row CT imaging of vertebral 
microstructure for evaluation of tracture risk, J Bone 
Miner Res, 20: 1828-1836, 2005

13) Nele S, Pattijn V, Cleynenbreugel TV, Wavers M, Sloten 
JV, Naert I: Structural and radiological parameters for the 
characterization of jawbone, Clin Oral Implants Res, 17: 
124-133, 2006

20 - 23




