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Title: Bone comparison identification method based on chest computed tomography imaging

Highlights

A personal identification method was proposed in chest CT imaging.

Two- and three-dimensional bone images were extracted from chest CT images.
The similarity between ante-mortem and post-mortem bone images was calculated.

The thoracic bone structure showed potential usefulness for personal identification.

Abstract

The aim of this study is to examine the usefulness of bone structure extracted data from chest
computed tomography (CT) images for personal identification. Eighteen autopsied cases (12 male
and 6 female) that had ante- and post-mortem (AM and PM) CT images were used in this study. The
two-dimensional (2D) and three-dimensional (3D) bone images were extracted from the chest CT
images via thresholding technique. The similarity between two thoracic bone images (consisting of
vertebrae, ribs, and sternum) acquired from AMCT and PMCT images was calculated in terms of the
normalized cross-correlation value (NCCV) in both 2D and 3D matchings. An AM case with the
highest NCCV corresponding to a given PM case among all of the AM cases studied was regarded as
same person. The accuracy of identification of the same person using our method was 100% (18/18)
in both 2D and 3D matchings. The NCCVs for the same person tended to be significantly higher
than the average of NCCVs for different people in both 2D and 3D matchings. The computation
times of image similarity between the two images were less than one second and approximately 10
minutes in 2D and 3D matching, respectively. Therefore, 2D matching especially for thoracic bones
seems more advantageous than 3D matching with regard to computation time. We conclude that our

proposed personal identification method using bone structure would be useful in forensic cases.

Keywords
Forensic radiology; Personal identification; Chest computed tomography; Image-matching

technique; Thresholding image processing

1. Introduction

It is well known that fingerprints, dental impressions, and DNA are useful for forensic
identification. Radiographs and computed tomography (CT) imaging have often been used for
personal identification [1-4] and estimation of sex and stature [5—7], particularly in the absence of
other comparative samples. There is a report of victim identification performed in the Great East
Japan Earthquake and Tsunami on March 11, 2011 by using dental records (including dental

radiographs) [8]. These identification methods are called “positive identification”, which need to
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compare between the ante-mortem (AM) and post-mortem (PM) samples. CT systems are used
worldwide. Therefore, we are able to use the AM and PM samples for positive identification. Japan
has the highest number of CT scanners (101.3 units per million population) in the world [9].
Therefore, collecting clinical CT images as AM samples became easy. On the other hand,
acquisition of PM samples is also easy because post-mortem imaging (PMI), which is referred to as
autopsy imaging (A1) in Japan, is widely used before performing a conventional autopsy in Japan
[10].

Moreover, there are some reports of an automated patient recognition and identification
method by using digital chest radiographs to prevent filing error and to find misfiled images in
picture archiving and communication system environment [11-13]. The normalized cross-correlation
value (NCCV) has been used as one of the image-matching techniques in finding misfiled chest
radiographs [11 original ref. 12] and searching missing images in a database including a large
number of chest radiographs [12 original ref. 13]. The NCCV evaluates the image similarity between
two images and is calculated as a maximum value of 1.0. A lower NCCV indicates less resemblance
between the two images. Such image matching was modified for forensic cases and applied to
identify unknown bodies. The aim of this study is to examine the usefulness of a personal
identification method based on bone structure data extracted from chest CT images.

The PMCT was not performed for the Great East Japan Earthquake and Tsunami victims.
However, if the usefulness of personal identification in using CT images is shown, this study will be

significant with respect to performing PMI in a disaster.

2. Materials and Methods
2.1. Data acquisition and processing

In this study, the Institutional Review Board (IRB) at the Department of Forensic
Pathology and Sciences, Kyushu University, Japan approved the use of 125 autopsy cases. However,
collecting the corresponding AMCT images from the police was difficult. Although we continuously
obtain cases with AM and PM images, only 18 cases (male, 12; female, 6) were available upon
submission. The PMCT images were acquired from 2014 to 2015 using a 16-row multidetector CT
scanner (ECLOS, Hitachi Medical Co., Tokyo, Japan) prior to autopsy. Scanning parameters were as
follows: 120 kVp, 225 mAs, 1 mm collimation, 1 mm slice thickness, and 0.96 mm pixel size. The
clinical CT images were originally acquired in various hospitals and were provided by the police at
the time of autopsy. Therefore, these images had been obtained under various conditions (2—10 mm
slice thickness, 0.584—1.022 mm pixel sizes). Although CT images can be displayed only for soft
tissue and bone region using the windowing technique, this CT imaging technique does not affect the
CT value. The mean age of the cases was 62.67+£20.30 years. These clinical CT images were

considered as the AMCT in this study. The time difference between the acquisition of AMCT and
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PMCT images was 27.8 days on average (minimum: 7.5 hour, maximum: 407 days). Among the 18
AM cases, 14 were taken within 2 days, 3 within 60 days, and 1 within 407 days before the date of
death. The mean and range for age at death, height, weight, slice thickness in AM, and difference in
image acquisition time are shown in Table 1. Cases with obvious damage to their upper body were
not included in this study.

The outline of our proposed method is shown in Fig. 1. Tri-linear interpolation method
which can calculate pixels between two slices was applied to convert isotropic volume data (2 mm x
2 mm X 2 mm) from CT images [14]. These volume data were thresholded at a CT value (250
Hounsfield Unit) designed to extract only bone structure. This threshold was determined empirically.
We removed upper limb (arm bones, clavicles, scapulae) manually and CT couch automatically from
the volume data. A three-dimensional (3D) volume image, which has only vertebrae, ribs, and
sternum, was projected on two-dimensional (2D) image by using ray-sum processing [15]. The
image similarities between AM and PM images were calculated by using normalized
cross-correlation value (NCCV) in both matchings. An image with the highest NCCV among all
combinations of images in the database was considered an image of the same person.

We evaluated the overall performances of identification by using the accuracy of
identification of the same person (rank 1 identification rate), receiver operating characteristic (ROC)
analysis [16], and computation time. ROC analysis shows the ability to distinguish between the same
and different people and is well known as the most objective method to show the difference in
performances between two or more parameters, such as imaging modalities and observers in signal
detection of the images [17]. Welch’s #-test was used to determine the difference between the
average NCCVs in recognizing the same or different people. Pearson’s product-moment correlation
coefficient was also used to determine the relationships between the stature and NCCV differences.
Furthermore, rank 1 identification rates between the thoracic bones and all the bones in the chest CT
images were compared in an additional study.

The computerized scheme for image matching was developed on a personal computer with

a 3.9GHz Intel® Core™ i7 CPU and 16 GB memory.

Table 1 Mean and range for age at death, height, weight, slice thickness in AM, and difference in
image acquisition time between the AM and PM of 18 cases (male, 12; female, 6).

Mean Maximum Minimum

Age at death [years] 62.7 87 23



Height [cm] 157.8 168 142

Weight [kg] 56.6 99.7 27.6
Slice thickness in AM [mm] 4.9 10 2
Difference in time 78 407 03
between AM and PM [days] ' )
106
107
Ante-mortem (AM) CT images Post-mortem (PM) CT images
A 4 b 4
Remove arm bones, clavicles, scapulae, and CT couch from each CT slice
Y
Convert to isotropic volume data (2 mm x 2 mm x 2 mm voxel) by using tri-linear interpolation
Y
Threshold in CT value to obtain 3D bone images (Hounsfield Unit (HU) = 250)
Y
Ray-sum processing to obtain 2D bone
images
Y A A
Calculate similarity between AM and PM Calculate similarity between AM and PM
3D images by using NCCV 2D images by using NCCV
sthe NCCV the highes
among all combinations Differentperson
of images?
Same person
108

109  Fig.1  Overall scheme for personal identification by using 2-dimensional (2D) and 3-dimensional
110  (3D) bone images extracted from chest CT images. Normalized Cross-Correlation Value (NCCV) is
111 the similarity index.

112

113 2.2. Ray-sum projection technique for 2D matching

114 2D projected images from 3D volume data were obtained using the ray-sum projection
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technique [15] for 2D matching. Each of the CT values of each voxel was summed along a
projection line in this technique. This technique makes a 2D radiographic-like image from 3D CT
data. In this method, the total number of 25 projected images per case with various projection angles
was produced by inclining 5 and 10° in eight directions for searching for the best match between

cases.

2.3. Calculation of similarity between AM and PM images
The similarity between AM and PM images was calculated using the NCCV [18] in 2D
and 3D matchings. The NCCV for 3D matching was obtained using the following equations:

where

k=1j=11i=1 k=1 j=1i=1
1 K J 1 1 K J 1
P= ik 2 2 2 A =@ ogt =) ) ) (B - 5)
op UKk_l 2.2 {A(i,j, k) —a}~, op KL L2 {B(l,],k) b} .
=1j=1i=1 k=1 j=11i=1

The overwrap volume of an isotropic AM image 4 and PM image B has I x J X K voxels. The range
of NCCV is —1.0 to 1.0. An NCCV close to 1.0 indicates greater similarity between the two images.
In 3D matching, the AMCT and PMCT 3D data overlapped at the center of gravity (COG) of each
3D thoracic bone image. To find the best matching position for the AM and PM, the AMCT was
shifted in x, y, and z directions (hereafter referred to as X-Y-Z shifts), and NCCVs were calculated.
Then, the AMCT image in x-y, X-z, and y-z plane was rotated from —15 to +15° to find out whether
the NCCV is higher than that found in the best matching position in the X-Y-Z shifts. In 2D
matching, we substituted 1 for K and & in the above equations. Similar to 3D matching, after
matching the COGs of 2D thoracic bone images in the AM and PM, the NCCV between the two
images was calculated using the x and y shifts (X-Y shifts) and image rotations in x-y plane from
—15 to 15° in 2D matching. Then, 25 projected images were produced by the ray-sum projection
technique. Therefore, the PM projected image that indicated the highest NCCV among 25 projected
images was used as the best aligned image with AM projected image.

The AM case that indicated the highest NCCV with a specific PM case was determined to

be the same person.
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3. Results

The 2D bone images excluding arm bones, clavicles, and scapulae are shown in Fig. 2.
The accuracy of identification of the same person (rank 1 identification rate) was 100% (18 / 18) in
both 2D and 3D matchings. The NCCVs for the same person and different people are shown in
Table 2. The NCCVs for the same person tended to be significantly higher than the average for the
different people in both 2D and 3D matchings. Positive correlations between the differences in
stature and NCCVs in both 2D (= 0.50, p <.001) and 3D (= 0.51, p <.001) matching were
observed.

The area under the curve (AUC) in ROC analysis showed comparable results (0.92 vs.
0.90) in 2D and 3D matching (Fig. 3), which means that 2D matching has a comparable or slightly
better performance than that of 3D matching.

The computation time shows an average time for each calculation obtained by dividing the
total calculation time by the total number of combined 18 AM and PM images. Although the
computation time of image similarity between two images depends on the performance of the
computer, our computer needed 0.92 s and approximately 10 min per case in average to calculate the
similarity between the PM and AM images for 2D and 3D matching, respectively.

In an additional study, the rank 1 identification rates using all bones in the chest CT

images were 61% (11/18) and 56% (10/18) in 2D and 3D matching, respectively.

PM bone image AM bone image
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images.

Examples of PM and AM 2D bone images (cases 1, 8, and 9) obtained from chest CT

Table 2 The NCCVs between the AM and PM cases for the same person and different people for

the 2D and 3D bone images.

2D 3D
case NCCYV for the same Average of NCCVs NCCYV for the same Average of NCCVs
number  person for different people berson for different people
(Range) (Range)
1 0.656 0.563 (0.653-0.215) 0.243 0.173 (0.241-0.099)
2 0.638 0.514 (0.592-0.279) 0.179 0.137 (0.166—0.088)
3 0.782 0.631 (0.722-0.310) 0.245 0.175 (0.224-0.112)
4 0.670 0.420 (0.494-0.268) 0.219 0.118 (0.185-0.098)
5 0.793 0.612 (0.689-0.270) 0.312 0.183 (0.218-0.099)
6 0.610 0.496 (0.601-0.284) 0.234 0.127 (0.173-0.104)
7 0.774 0.551 (0.620-0.291) 0.222 0.143 (0.175-0.099)
8 0.829 0.597 (0.698-0.241) 0.361 0.190 (0.263-0.102)
9 0.784 0.589 (0.717-0.263) 0.292 0.169 (0.219-0.093)
10 0.673 0.546 (0.661-0.236) 0.231 0.175 (0.215-0.130)
11 0.694 0.587 (0.658-0.263) 0.258 0.174 (0.230-0.090)
12 0.679 0.520 (0.658-0.195) 0.272 0.168 (0.224-0.098)
13 0.640 0.523 (0.624-0.206) 0.221 0.164 (0.208-0.111)
14 0.741 0.541 (0.644-0.212) 0.325 0.178 (0.216-0.099)
15 0.753 0.595 (0.676-0.302) 0.255 0.176 (0.221-0.112)
16 0.756 0.624 (0.688-0.252) 0.292 0.173 (0.249-0.107)
17 0.706 0.580 (0.674-0.256) 0.234 0.167 (0.225-0.085)
18 0.773 0.599 (0.690-0.252) 0.218 0.173 (0.202-0.094)
average 0.719 0.578 0.242 0.169
________ | ________ 1
p <.00001 p <.00001
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Fig.3  The ROC curve and AUC of identification performance in 2D and 3D matching.

4. Discussion

The proposed methods perfectly identified the same person by using 2D and 3D bone
images created from AMCT and PMCT images. The ability of identification of 2D and 3D matching
showed comparable results in both the rank 1 identification rate and ROC analysis. These results
suggest that the thoracic bone structure data has potential usefulness for personal identification.
Although our proposed methods were applied to only 18 cases, we found that both 2D and 3D
matching of AMCT and PMCT images correctly recognized and identified the same person with the
highest similarity. If we combined our proposed image matching technique for thoracic bone images
and an image database including a large number of candidates for a specific person, our method
could be used in identifying unknown bodies or just in narrowing down candidates of missing
persons together with other available information in large-scale disaster cases. The new idea
described in this study will be a significant tool to aid the use of other indices in future forensic
cases.

In cases 1 and 14 (Fig. 4), the size of the thoracic bone and curve of the vertebrae were
visually similar, whereas, in cases 1 and 10, the size of the thoracic bone was relatively different.
Therefore, the NCCVs between cases 1 and 10 and between cases 1 and 14 showed different values.

Thus, the NCCV was affected by the shape, size, and curve of the thoracic vertebrae.
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Fig.4  The NCCYV difference between PM bone image of case 1 and AM bone images of cases 1,
10, and 14.

In case 1, the maximum NCCVs of the same person and different persons (case 14) are
0.656 and 0.653, respectively (Fig. 4), which showed a difference of only 0.003. Such a small
difference is not sufficient to distinguish between the same and different people. Therefore, the
proposed computerized method may not be a perfect tool for forensic identification.

Our proposed method only uses bone structure. This is because the soft tissue may change
in AMCT and PMCT scanning. Therefore, it is difficult to check similarity by including soft tissue
information in forensic cases. On the other hand, the thoracic bone will not change within a short
period, except for during the growth phase. The AMCT of most cases (14/18) was performed within
2 days before death in this study. Therefore, no major changes were observed in the bones in AM.
Furthermore, AM chest CT imaging is usually performed during the inspiratory phase, while that of
the PM is performed during a different phase. We considered that x-ray absorption in the lungs in
AM and PM imaging will be different in different inspiratory phases. Therefore, only thoracic bones
were utilized to prevent the influence of different inspiration phases in AMCT and PMCT images.

Thoracic bone including only vertebrae, ribs, and sternum were used in our method. Our
method excluded bones of arms, clavicles, and scapulae for analysis. If all of the bones in chest CT
images were used, the accuracy of rank 1 identification rate decreased to 61% and 56% in 2D and
3D matching, respectively. This is mainly due to the difference of arm position in AMCT and PMCT

scanning. The patient’s arm is lifted up in most of AMCT scanning but it is not always lifted up in



222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

PMCT scanning. This difference might affect the rank 1 identification rate.

In the clinical chest CT imaging, there are some differences in the imaging techniques to
display only the lungs and soft tissue region or bone. However, these techniques do not affect the CT
value of bones.

As we started this study, we expected that 3D matching would be more useful than 2D
matching because of more information included in 3D data. However, there was no difference
between the types of matching in their ability to distinguish between the same and different people.
On the other hand, the computation time of image similarity between one AM and one PM image in
2D matching was shorter than that in 3D matching, which was as we expected. Therefore, we
consider that 2D matching is more advantageous than 3D matching in regard to computation time,
particularly in a large-scale disaster.

Our study has some limitations. First, no cases with significantly damage to their upper
body were included in this study. Forensic cases are often badly damaged, and occasionally, the body
may have missing bones in their upper region. It is therefore desirable to develop an identification
method that is still valid if only part of the bone structure remains at the time of PMCT imaging. The
second limitation is that this method is one of the “positive identification” methods that need to
compare between AM and PM samples. Therefore, this method requires the collection of CT images
as AM samples including that of the correct person. The third limitation is that this study has a small
number of cases and includes only Japanese population. There is a possibility that the accuracy of
identification may become lower if the number of cases is large. Further studies with more cases are

needed in the future in order to compare with other approaches.

5. Conflict of interest

The authors declare that they have no conflict of interest.

6. Acknowledgements

The authors would like to thank faculty members of the Department of Forensic
Pathology and Sciences, Graduate school of Medical Sciences, Kyushu University and
Masayuki Sasaki, M.D., Ph.D., for useful discussions. A part of this study was supported by
JSPS KAKENHI Grant Number 15K08696.

They further would like to thank the International Academy of Legal Medicine (IALM)
for awarding this study the “Best Oral/Poster Communication Under 35 Years of Age” in

Venice, Italy in 2016.

References

[1] Quatrehomme G, Fronty P, Sapanet M, Grévin G, Bailet P, Ollier A, Identification by frontal



258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

sinus pattern in forensic anthropology, Forensic Sci. Int. 83 (1996) 147-153.

[2] Tatlisumak E, Yilmaz Ovali G, Aslan A, Asirdizer M, Zeyfeoglu Y, Tarhan S, Identification of
unknown bodies by using CT images of frontal sinus, Forensic Sci. Int. 166 (2007) 42—-48.

[3] Pfaeffli M, Vock P, Dirnhofer R, Braun M, Bolliger SA, Thali MJ, Post-mortem radiological CT
identification based on classical ante-mortem X-ray examinations, Forensic Sci. Int. 171 (2007)
111-117.

[4] Hishmat AM, Michiue T, Sogawa N, Oritani S, Ishikawa T, Hashem MA, Maeda H, Efficacy of
automated three-dimensional image reconstruction of the femur from postmortem computed
tomography data in morphometry for victim identification, Legal Med. (Tokyo) 16 (2014) 114—
117.

[5] Akhlaghi M, Bakhtavar K, Moarefdoost J, Kamali A, Rafeifar S, Frontal sinus parameters in
computed tomography and sex determination, Legal Med. (Tokyo) 19 (2016) 22-27.

[6] Giurazza F, Del Vescovo R, Schena E, Cazzato RL, D'Agostino F, Grasso RF, Silvestri S, Zobel
BB, Stature estimation from scapular measurements by CT scan evaluation in an Italian
population, Legal Med. (Tokyo) 15 (2013) 202-208.

[7] Torimitsu S, Makino Y, Saitoh H, Sakuma A, Ishii N, Yajima D, Inokuchi G, Motomura A, Chiba
F, Yamaguchi R, Hashimoto M, Hoshioka Y, Iwase H, Stature estimation from skull
measurements using multidetector computed tomographic images: A Japanese forensic sample,
Legal Med. (Tokyo) 18 (2016) 75-80.

[8] Aoki T, Ito K, Aoyama S, Disaster victim identification using dental records — Experience of the
Great East Japan Earthquake, Proc. IEEE Region 10 Humanitarian Tech. Conf. (2013) 57-62.

[9] OECD Data, Computed tomography (CT)
scanners. https://data.oecd.org/healtheqt/computed-tomography-ct-scanners.htm (accessed
16.10.20)

[10] Okuda T, Shiotani S, Sakamoto N, Kobayashi T, Background and current status of postmortem

imaging in Japan: short history of "Autopsy imaging (Ai)", Forensic Sci. Int. 225 (2013) 3-8.

[11] Morishita J, Katsuragawa S, Kondo K, Doi K, An automated patient recognition method based
on an image-matching technique using previous chest radiographs in the picture archiving and
communication system environment, Med. Phys. 28 (2001) 1093-1097.

[12] Morishita J, Katsuragawa S, Sasaki Y, Doi K, Potential usefulness of Biological Fingerprints in
chest radiographs for an automated patient recognition and identification, Acad. Radiol. 11
(2004) 309-315.

[13] Toge R, Morishita J, Sasaki Y, Doi K, Computerized image-searching method for finding
correct patients for misfiled chest radiographs in a PACS server by use of biological fingerprints,
Radiol. Phys. Technol. 6 (2013) 437-443.

[14] Cam Q, Nguyen T, Trilinear Interpolation Algorithm for Reconstruction of 3D MRI Brain


https://data.oecd.org/healtheqt/computed-tomography-ct-scanners.htm

294
295
296
297
298
299
300
301
302
303
304

Image, American Journal of Signal Processing. 7 (1) (2017) 1-11.

[15] Lisa G, A Survey of Image Registration Techniques, ACM Computing Surveys, 24 (4) (1992)
325-376.

[16] Metz CE, ROC analysis in medical imaging: a tutorial review of the literature, Radiol. Phys.
Technol. 1 (2008) 2—12.

[17] Metz CE, Receiver operating characteristic analysis: a tool for the quantitative evaluation of
observer performance and imaging systems, J Am Coll Radiol. 3 (2006) 413—422.

[18] Brooks RA, Di Chiro G, Theory of image reconstruction in computed tomography, Radiology,
117 (1975) 561-572.



305  Table

306 Table 1 Mean and range for age at death, height, weight, slice thickness in AM, and difference in
307  image acquisition time between the AM and PM of 18 cases (male, 12; female, 6).

308

Mean Maximum Minimum
Age at death [years] 62.7 87 23
Height [cm] 157.8 168 142
Weight [kg] 56.6 99.7 27.6
Slice thickness in AM [mm] 4.9 10 2
Difference in time 278 407 03
between AM and PM [days] ) )
309
310

311  Table2 The NCCVs between the AM and PM cases for the same person and different people for
312 the 2D and 3D bone images.

313
2D 3D
case NCCV for the same Average of NCCVs NCCYV for the same Average of NCCVs
number  person for different people berson for different people
(Range) (Range)
1 0.656 0.563 (0.653-0.215) 0.243 0.173 (0.241-0.099)
2 0.638 0.514 (0.592-0.279) 0.179 0.137 (0.166-0.088)
3 0.782 0.631 (0.722-0.310) 0.245 0.175 (0.224-0.112)
4 0.670 0.420 (0.494-0.268) 0.219 0.118 (0.185-0.098)
5 0.793 0.612 (0.689-0.270) 0.312 0.183 (0.218-0.099)
6 0.610 0.496 (0.601-0.284) 0.234 0.127 (0.173-0.104)
7 0.774 0.551 (0.620-0.291) 0.222 0.143 (0.175-0.099)
8 0.829 0.597 (0.698-0.241) 0.361 0.190 (0.263-0.102)
9 0.784 0.589 (0.717-0.263) 0.292 0.169 (0.219-0.093)
10 0.673 0.546 (0.661-0.236) 0.231 0.175 (0.215-0.130)
11 0.694 0.587 (0.658-0.263) 0.258 0.174 (0.230-0.090)
12 0.679 0.520 (0.658-0.195) 0.272 0.168 (0.224-0.098)
13 0.640 0.523 (0.624-0.206) 0.221 0.164 (0.208-0.111)
14 0.741 0.541 (0.644-0.212) 0.325 0.178 (0.216-0.099)
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15 0.753 0.595 (0.676-0.302) 0.255 0.176 (0.221-0.112)
16 0.756 0.624 (0.688-0.252) 0.292 0.173 (0.249-0.107)
17 0.706 0.580 (0.674-0.256) 0.234 0.167 (0.225-0.085)
18 0.773 0.599 (0.690-0.252) 0.218 0.173 (0.202-0.094)
average 0.719 0.578 0.242 0.169
________ | ________ |
p <.00001 p <.00001
Legends to Figures

Fig.1  Overall scheme for personal identification by using 2-dimensional (2D) and 3-dimensional
(3D) bone images extracted from chest CT images. Normalized Cross-Correlation Value (NCCV) is

the similarity index.

Fig.2  Examples of PM and AM 2D bone images (cases 1, 8, and 9) obtained from chest CT

images.

Fig.3  The ROC curve and AUC of identification performance in 2D and 3D matching.

Fig.4  The NCCV difference between PM bone image of case 1 and AM bone images of cases 1,
10, and 14.



