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Title: Sex determination based on a thoracic vertebra and ribs evaluation using clinical chest

radiography

Highlights
* Sex determination was conducted by combined features of a thoracic vertebra and ribs.
* Accuracies of sex determination were evaluated by stepwise discriminant analysis.
* The accuracy was 88.8% (533/600) by combining information obtained from these bones.

* A thoracic vertebra and ribs could help to determine sex in forensic medicine.

Abstract

Our aim was to investigate whether sex can be determined from a combination of
geometric features obtained from the 10th thoracic vertebra, 6th rib, and 7th rib. Six hundred chest
radiographs (300 males and 300 females) were randomly selected to include patients of six age
groups (20s, 30s, 40s, 50s, 60s, and 70s). Each group included 100 images (50 males and 50
females). A total of 14 features, including 7 lengths, 5 indices for the vertebra, and 2 types of widths
for ribs, were utilized and analyzed for sex determination. Dominant features contributing to sex
determination were selected by stepwise discriminant analysis after checking the variance inflation
factors for multicollinearity. The accuracy of sex determination using a combination of the vertebra
and ribs was evaluated from the selected features by the stepwise discriminant analysis. The
accuracies in each age group were also evaluated in this study. The accuracy of sex determination
based on a combination of features of the vertebra and ribs was 88.8% (533/600). This performance
was superior to that of the vertebra or ribs only. Moreover, sex determination of subjects in their 20s
demonstrated the highest accuracy (96.0%, 96/100). The features selected in the stepwise
discriminant analysis included some features in both the vertebra and ribs. These results indicate the
usefulness of combined information obtained from the vertebra and ribs for sex determination. We
conclude that a combination of geometric characteristics obtained from the vertebra and ribs could

be useful for determining sex.
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1. Introduction

Shape and size of the skull, pelvis, and humerus have often been used for sex
determination in forensic medicine [1-8]. However, skeletal bones are not always complete in
forensic cases due to conditions within the burial environment, and only parts of bones are found
occasionally [9]. In such cases, it is desirable to discriminate personal information, such as age,
height, and sex, from the bones available. Some reports have shown that features of vertebrae and
ribs, including the 1st and 2nd cervical vertebrae, 12th thoracic vertebra, all lumbar vertebrae, and
the 1st and 4th ribs, could be useful for sex determination [9—18]. On the other hand, no study has
reported whether sex can be determined from a combination of anatomical information extracted
from a thoracic vertebra and ribs.

Our study focuses on evaluation of chest radiography (hereafter referred to as chest
image), the most common examination performed at many hospitals and medical centers. It is easy
to collect a large number of clinical chest images. We attempted to determine sex in a Japanese
population by using clinical chest images. The hypothesis of this study is that size and shape of a
bone may not be changed by death. Although previous studies have used computed tomography
(CT) images for sex determination [3-5, 12—14, 16, 17], chest images are thought to be potentially
useful since they can be reconstructed from three-dimensional CT data. Our aim is to examine
whether sex can be determined from geometric information obtained from large numbers of thoracic

vertebrae and ribs in various age groups.

2. Materials and Methods

All chest images in our database were obtained using a computed radiographic system
(FUJIFILM Medical Corporation, Tokyo, Japan) at the lung cancer screening program in Iwate
Prefecture, Japan [19]. The matrix size and pixel size of the images were 512 x 512 and 0.69 mm,
respectively. Six hundred normal chest images were randomly selected from our database and
included images from patients of six age groups (20s, 30s, 40s, 50s, 60s, and 70s). Each group
included 100 images (50 males and 50 females).

We used the 10th thoracic vertebra, 6th rib, and 7th rib for sex determination. Visual
assessment of the 10th thoracic vertebra was easy due to the low overlap with the trachea or
diaphragm compared to other vertebrae. In addition, the lower thoracic vertebrae are often preserved
well in archaeological skeletal assemblages and forensic contexts due to their weight-bearing
function and relative density [13]. Measurement of the rib widths was also easy due to the low
overlap with the clavicle or diaphragm. Moreover, these anatomical structures were less affected by
geometric distortion and magnification owing to their close proximity to the center of the X-rays

during chest imaging.
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Image processing was performed to facilitate visualization of the measurements of the
vertebra lengths as shown in Fig. 1. A total of 14 indices were used in this study. Twelve among 14
indices were obtained from the 10th thoracic vertebra on a chest radiograph (Fig. 2). Seven linear
measurements of the vertebra were performed on chest images displayed on an electronic display
device using an image processing software (ImageJ, National Institutes of Health, USA). Then, 4
ratios and an area were obtained from the 7 measurements. Figure 3 shows a procedure to measure
the widths of the 6th and 7th ribs on a chest image. The reproducibility of these measurements

appears to be substantial (interclass correlation coefficient, r = 0.803) [20].

Fig. 1 Examples of image pre-processing for measurements of widths, heights, and diagonal lengths
of the 10th thoracic vertebra on a chest radiograph. (a) original chest image; (b) edge-enhanced
image using Sobel filter; (c) sharpened image by adding (b) to (a); (d) sharpened image after
adjustment of the window width and level. On the other hand, no pre-processing has been done for

measurement of the widths of the 6th and 7th ribs.
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Fig. 2 Measurement sites and various indices of the 10th thoracic vertebra on a chest radiograph for

sex determination. The average of two diagonal lengths was used for the diagonal (7).

1 6th rib
§ 7th rib

Fig. 3 Determination of location for measurements of the 6th and 7th ribs. Three dotted lines were
horizontally set at the beginning of the clavicle, central region of the lung, and bottom of the lung,
and a solid line was then drawn through each midpoint of the three dotted lines for determination of

measurement criteria. The widths of the ribs on the solid line were measured.

Sex determination was performed as follows. First, a Student’s t-test was applied for
comparison of male and female at each index. Differences between the sexes were considered
statistically significant when p values were less than 0.05. If the index showed statistically
significant difference, accuracy of sex determination was evaluated by using a linear discriminant
analysis (LDA). Second, the accuracies in all age groups were evaluated by using a stepwise
discriminant analysis for (1) a thoracic vertebra, (2) ribs, and (3) the combination of both as shown

in Fig. 4. A stepwise discriminant analysis is a statistical method to select effective variables
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contributing to discrimination. We sought to distinguish male from female by means of discriminant
equations obtained from the analysis. Multicollinearity of various features was checked by the
variance inflation factor (VIF) before applying the stepwise discriminant analysis. The VIF indicates
how a variable can be predicted by another one. A VIF value of 10 or more indicates
multicollinearity in the data. Finally, the accuracies in each age group were also evaluated by
applying the stepwise discriminant analysis. All statistical analyses were executed by using JMP® 11
(SAS Institute Inc., Cary, NC, USA) and R version 3.2.2 (R Foundation for Statistical Computing,

Vienna, Austria).

Measurement of 14 indices from each chest image
(12 indices from a thoracic vertebra, 2 indices from ribs)

YV

Check of multicollinearity
by variance inflation factor (VIF)

YV
Elimination of indices for avoiding multicollinearity

YV

Selection of indices contributing to sex determination
by stepwise discriminant analysis

W
Evaluation of sex determination

Fig. 4 Flowchart for sex determination based on a stepwise discriminant analysis.
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3. Results

Table 1 shows the descriptive statistics for 14 indices and accuracies of sex determination
by using the linear discriminant analysis (LDA) for the indices that demonstrated significant
differences. Ten indices in males, except for Xmiddie/Xupper, Xmiddie/Xiower, Y center/ Y ieft, a0d Y center/ Y right,
were significantly higher than those in females. If we use Xmidadie * Ycenter, an index corresponding to
the area of the vertebra, the accuracy of sex determination was the highest, with 85.0% (510/600). In
contrast, if we use Y center OF Yright, the accuracy was the lowest, with 75.7% (454/600).

Table 1 The descriptive statistics of each index used in this study and the accuracies of sex
determination by using a linear discriminant analysis (LDA) for the indices that demonstrated

significant differences.

. Male Female Accuracies of sex determination (%)
Indices P
Mean SD Mean SD Male Female Total

Kupper 41.80 3.73 36.56 340 <0.001  75.0(225/300) 80.7 (242/300) 77.8 (467/600)
Kmiddle 3990 3.38 35.08 2.87 <0.001  77.7(233/300) 83.3(250/300) 80.5(483/600)
Klower 4559 3.68 3986 3.23 <0.001  79.3(238/300) 81.7(245/300) 80.5(483/600)
Yiest 2439 1.83 22.14 151 <0.001  74.7(224/300) 78.0(234/300) 76.3 (458/600)
Y center 2429 1.76 22.05 1.50 <0.001  72.3(217/300) 79.0(237/300) 75.7 (454/600)
Yrignt 2451 1.88 2235 193 <0.001  74.7(224/300) 76.7(230/300) 75.7 (454/600)
diagonal 4919 331 4329 311 <0.001  81.7(245/300) 85.7(257/300) 83.7 (502/600)
Kmiddle/ Xupper  0.96 0.05 0.96 0.04 0.163

Komiade/Xiower  0.88 0.05 0.88 0.04 0.191

Yeenter!/ Yicf: 1.00 0.03 1.00 0.03 0.963

Yeente/ Yrighe  0.99  0.03 099 0.04 0.158

Kmiddle® Yeenter  970.54 118.83 773.98 86.13 <0.001  81.7(245/300) 88.3(265/300) 85.0(510/600)
6th rib 11.28 1.07 9.39 0.96 <0.001  81.7(245/300) 82.0(246/300) 81.8 (491/600)
7th rib 11.88 1.14 10.03  1.06 <0.001  76.7(230/300) 82.0(246/300) 79.3 (476/600)

p < 0.05 indicates a significant difference

Table 2 shows accuracies of sex determination for all chest images by using a stepwise
discriminant analysis in the thoracic vertebra, ribs, and a combination of both. If we only use the
thoracic vertebra, five indices (Xiower, Y left, Xmiddie/Xiower, Y center/ Y left, aNd Y center/ Yright) Were selected
by the analysis. The accuracies of sex determination in males, females, and total subjects were
85.0% (255/300), 88.0% (264/300), and 86.5% (519/600), respectively. On the other hand, if we
only use the ribs, the accuracies were lower than those in the vertebra. However, if we use a
combination of the vertebra and ribs, six indices (Xiower, Yieft, Y center/ Yiefts Y center/ Yright, 6th rib, and 7th
rib) were selected by the analysis. Finally, the accuracies of sex determination in males, females, and

total subjects slightly improved to 87.3% (262/300), 90.3% (271/300), and 88.8% (533/600),



151  respectively.
152
153 Table 2 Accuracies of sex determination using the thoracic vertebra, ribs, and the combination of

154  both obtained from 600 chest images.

Accuracies of sex determination (%)

Region of interest Indices selected
for analysis by stepwise Male Female Total
Kiower
Yiett
Thoracic vertebra Kmiddle/ Xlower 85.0 (255/300)  88.0 (264/300)  86.5 (519/600)
YcenterN left
Ycenter/Y right
Rib 6th posterior rib 80.3 (241/300)  83.0 (249/300)  81.7 (490/600)

7th posterior rib

Xlower

Yiett
Combination of Y center/ Yeft
thoracic vertebra and ribs  Yeenter/ Yiight

6th posterior rib

87.3 (262/300)  90.3 (271/300)  88.8 (533/600)

7th posterior rib
155
156
157 Table 3 shows the accuracies of sex determination in each age group. Sex determination of

158  subjects in their 20s demonstrated the highest accuracy and 7 indices were selected by the analysis,
159  including Xupper, Yieti, Xmiddie/ Xupper, Xmiddle/Xiower, Y center/ Y right, Oth rib, and 7th rib. The accuracies in
160  male, and female participants, and in all participants were 96.0% (48/50), 96.0% (48/50), and 96.0%
161  (96/100), respectively. These performances were better than those in all 600 chest images as

162  previously described.
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Table 3 Accuracies of sex determination in each age group by using a stepwise discriminant

analysis.

Accuracies of sex determination (%)
Age groups Indices selected by stepwise
Male Female Total

Xupper, Yleﬁ, ijddle/Xupper, ijddle/Xlower,

20s o v, 6 1ib, Tth rib 96.0 (48/50)  96.0 (48/50)  96.0 (96/100)
” Xupper, Yn'ght, Xmidd.le/Xupper, Xrnidd.le/Xlnwer,

30s Y eener/Yiet, Yoenter/ Ygae, 7th 1ib 92.0 (46/50) 92.0 (46/50) 92.0 (92/100)
40s Kiower, Yier, 6th 1ib 88.0 (44/50)  94.0 (47/50)  91.0 (91/100)

Xlower, Xmiddlef Xlower, Ycenter/Y left, ~ ~

50s Yoo 6th b, 7th £ib 90.0 (45/50)  96.0 (48/50)  93.0 (93/100)
60s Kiower, Yieft, Y center’ Yieft, 6th rib 92.0 (46/50) 90.0 (45/50) 91.0 (91/100)
70s Y center, Xmidde/Xupper, 6th 1ib, 7th 1ib 88.0 (44/50)  88.0 (44/50)  88.0 (88/100)

4. Discussion

Ten out of the 14 indices showed significantly higher values in males than those in females
as we expected (Table 1). According to a study by Riggs et.al., bone areas of lumbar vertebrae in
males were approximately 35% larger than those in females [21]. In the present study, the areas of
the thoracic vertebra in males and females were estimated to be 970.5 mm? and 774.0 mm?,
respectively. Thus, the areas in males were approximately 25% larger than those in females, which is
consistent trend with the results of a previous study [21]. For 4 indices of ratios (Xmiddie/Xupper,
Xmiddie/Xiower, Y center/ Yieft, and Y center/ Yright), there were no significant differences between the sexes
as shown in Table 1. According to a previous study by Hou et.al., the size of the 12th thoracic
vertebra contributes more than the shape in distinguishing the differences of the vertebra between
males and females [12]. In this study, there were no significant differences in indices of ratios
corresponding to the shape of the 10th thoracic vertebra between the sexes. On the other hand, there
were significant differences in all indices of linear lengths related to the size of the vertebra between
the sexes. Thus, our results were consistent with the results of the study by Hou et.al.

Although rib features showed a minimal contribution to sex determination, our results
showed the usefulness of a combination of anatomical information obtained from the thoracic
vertebra and ribs. Moreover, indices selected by a stepwise discriminant analysis included some

indices of both the vertebra and ribs as shown in Tables 2 and 3. Thus, indices of the vertebra and
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ribs may have different characteristics that would be useful for sex determination.

As a result of a stepwise discriminant analysis for each age group, the accuracy of sex
determination for subjects in their 20s was the highest. Distributions of heights for each age group
and percentages of overlapped histograms in Japanese male and female are shown in Fig. 5. We
generated these figures based on data from The National Health and Nutrition Survey in Japan in
2014 [22]. The percentage for subjects in their 20s is lower than those for subjects in other age
groups. A low percentage in overlapped histograms indicates that discrimination between the sexes is

much easier, and hence our results would be reasonable.
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Fig. 5 Distributions of heights for each age group and percentages of overlapped histograms in

Japanese male and female.

Our measured indices from the chest images will be influenced by a magnification factor
dependent on geometry in chest imaging. Therefore, there may be a slight discrepancy between

measurements obtained from chest images and actual lengths [23]. For instance, if the distances
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between the focus of an X-ray tube to the vertebra and a detector to the vertebra are 135 cm and 15
cm, respectively, the vertebra is displayed 1.1 times bigger on a chest image due to magnification
with radiography. Therefore, we need to consider the effect of magnification to apply our proposed
method in practice situations.

We believe that the proposed method described in the study could be useful even if CT
scanning is not available. Our method based on two-dimensional images has potential usefulness for
sex determination of unknown deceased individuals in forensic medicine and mass disasters,
especially in a developing country in which a CT scanner is less common.

Our study has some limitations. First, the chest images used in this study were antemortem
and limited in number. Although it is difficult to collect postmortem images, future studies should
include a large number of these images. Second, this study is based on only Japanese population.
Some reports have shown that sexual dimorphism in bones varies among populations [15, 16, 24].
Thus, the results obtained by our proposed method would be different depending on ethnic group.
Third, the widths of ribs may be affected by the measured angle across the rib even if we measure
the indices from the same rib. In addition, it is difficult to identify the 6th or 7th rib. Therefore, it is

desirable to develop methods for automated identification of number of vertebrae and/or ribs.

5. Conclusion
We conclude that a combination of the vertebra and ribs could be useful for determining

sex in cases where only a portion of skeletal remains is found.
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Tables

Table 1 The descriptive statistics of each index used in this study and the accuracies of sex determination by using a linear

discriminant analysis (LDA) for the indices that demonstrated significant differences.

Male Female Accuracies of sex determination (%)
Indices p

Mean SD Mean SD Male Female Total
Xupper 41.80 3.73 36.56  3.40 <0.001 75.0 (225/300) 80.7 (242/300) 77.8 (467/600)
Xmiddle 39.90 3.38 35.08 2.87 <0.001 77.7 (233/300) 83.3 (250/300) 80.5 (483/600)
Xiower 4559 3.68 39.86 3.23 <0.001 79.3 (238/300) 81.7 (245/300) 80.5 (483/600)
Yiett 2439 1.83 22.14  1.51 <0.001 74.7 (224/300) 78.0 (234/300) 76.3 (458/600)
Y center 2429 1.76 22.05 1.50 <0.001 72.3 (217/300) 79.0 (237/300) 75.7 (454/600)
Yiright 2451 1.88 2235 193 <0.001 74.7 (224/300) 76.7 (230/300) 75.7 (454/600)
diagonal 49.19 331 4329 3.11 <0.001 81.7 (245/300) 85.7 (257/300) 83.7 (502/600)
Xmiddie/Xupper ~ 0.96 0.05 0.96 0.04 0.163
Xmiddie/Xiower ~ 0.88 0.05 0.88 0.04 0.191
Y center/ Yiett 1.00 0.03 1.00 0.03 0.963
Y center/ Y right 0.99 0.03 0.99 0.04 0.158
Xmiddle * Yeenter 970.54 118.83 773.98 86.13 <0.001 81.7 (245/300) 88.3 (265/300) 85.0 (510/600)
6th rib 11.28 1.07 9.39 0.96 <0.001 81.7 (245/300) 82.0 (246/300) 81.8 (491/600)
7th rib 11.88 1.14 10.03  1.06 <0.001 76.7 (230/300) 82.0 (246/300) 79.3 (476/600)

p < 0.05 indicates a significant difference

Table 2 Accuracies of sex determination using the thoracic vertebra, ribs, and the combination of both obtained from 600

chest images.

Region of interest

for analysis

Indices selected

by stepwise

Accuracies of sex determination (%)

Male

Female

Total

Thoracic vertebra

Rib

Combination of

thoracic vertebra and ribs

Xlower

Yiet

Xmiddle/ Xlower
Ycenter/Yleﬁ
Ycenter/ Yright

85.0 (255/300)

88.0 (264/300)

86.5 (519/600)

6th posterior rib
7th posterior rib

Xiower

Yiet

Y center/ Yett

Y center/ Y right

6th posterior rib
7th posterior rib

80.3 (241/300)

87.3 (262/300)

83.0 (249/300)

90.3 (271/300)

81.7 (490/600)

88.8 (533/600)




Table 3 Accuracies of sex determination in each age group by using a stepwise discriminant analysis.

Accuracies of sex determination (%)
Age groups  Indices selected by stepwise
Male Female Total

Xupper, Yleﬁ, Xmiddle/ Xupper, Xmiddle/ Xlower,
20s , ' 96.0 (48/50) 96.0 (48/50) 96.0 (96/100)
Ycenter/Y right, 6th rlb, 7th rib

Xupper, Yright, Xmiddle/ Xupper, Xmiddle/ Xlower,

305 , 92.0 (46/50) 92.0 (46/50) 92.0 (92/100)
Y center/ Y left, Y center/ Yright, 7th rib

40s Xiower, Yett, 6th 1ib 88.0 (44/50) 94.0 (47/50) 91.0 (91/100)

Xlowcr, Xmiddlc/ Xlowcr, chntcr/Y left, chntcr/ Yright’
50s 90.0 (45/50) 96.0 (48/50) 93.0 (93/100)
6th rib, 7th rib

60s Xiower, Yiett, Y center/ Y lefi, 6th 11b 92.0 (46/50) 90.0 (45/50) 91.0 (91/100)
70s Y center, Xmiddle/Xupper, Oth 1ib, 7th 1ib 88.0 (44/50) 88.0 (44/50) 88.0 (88/100)
Legends to Figures

Fig. 1 Examples of image pre-processing for measurements of widths, heights, and diagonal lengths of the 10th thoracic
vertebra on a chest radiograph. (a) original chest image; (b) edge-enhanced image using Sobel filter; (c) sharpened image by
adding (b) to (a); (d) sharpened image after adjustment of the window width and level. On the other hand, no pre-processing

has been done for measurement of the widths of the 6th and 7th ribs.

Fig. 2 Measurement sites and various indices of the 10th thoracic vertebra on a chest radiograph for sex determination. The

average of two diagonal lengths was used for the diagonal (7).

Fig. 3 Determination of location for measurements of the 6th and 7th ribs. Three dotted lines were horizontally set at the
beginning of the clavicle, central region of the lung, and bottom of the lung, and a solid line was then drawn through each
midpoint of the three dotted lines for determination of measurement criteria. The widths of the ribs on the solid line were
measured.

Fig. 4 Flowchart for sex determination based on a stepwise discriminant analysis.

Fig. 5 Distributions of heights for each age group and percentages of overlapped histograms in Japanese male and female.



