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Abstract Estimation of stature is a basic and important foren-
sic procedure in identifying decomposed or skeletonized bod-
ies. Due to advances in radiologic equipment, forensic science
frequently uses computed tomography (CT) and software to
apply these findings to investigations. Technical developments
have increased the accuracy of the measurement of various
bones. However, there are still some inaccuracies, such as de-
fining correct landmarks in three-dimensional (3D) images.
Femur length is frequently used for calculation of stature, but
because it is a 3D structure, the digital image may not always
correlate with the femur length measured with an osteometric
board. However, more studies are now showing that the maxi-
mum femur length calculated in 3D imagery is comparable to
the maximum femur length calculated using an osteometric
board. This study used digitalized data of the femur obtained
from the CT image through the specialized software. The digi-
talized femur images were put on the virtual osteometric board,
which helped us to understand the anatomic characteristics of
the femur and to confirm that the maximum femur lengths cal-
culated in 3D images are similar to the results obtained using an
osteometric board. These data were used to obtain a stature
estimation formula for the Korean population.
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Introduction

Estimation of stature in severely decomposed or skeletonized
bodies is one of the most important aspects in the forensic field
[1-3]. The femur is usually the best choice for stature estima-
tion, although bones such as the tibia, humerus, ulna, radius,
scapula, cranium, sternum, sacrum, and the bones of the hand
and foot are also used for measurement [4-9]. However, the
long bones are most commonly used because there is a propor-
tional correlation between stature and long bones [10].

The use of radiologic tools in routine autopsy can yield ad-
ditional information such as serious radiologic findings and
important measurements [ 11]. Multiple reports have suggested
the usefulness of three-dimensional (3D) computed tomogra-
phy (CT) images in anthropology [12, 13]. Previous studies
have shown that measurements collected using multi-detector
computed tomography (MDCT) have the potential risk of tech-
nical error due to uncertainty in landmark location [14].
Validating the accuracy of the data obtained by radiologic mea-
surements must be done before using the data in routine work.

Recent advances in 3D image processing software have
improved the understanding of 3D structures and increased
the possibility of accurate measurements [15]. Digital
Imaging and Communications in Medicine (DICOM) files
can be converted into computer-assisted design (CAD) data
using the software Materialise’s Interactive Medical Image
Control System (MIMICS) (Materialise NV, Leuven,
Belgium). In this software, all the landmarks have specific
coordinates, which makes it possible to measure all the lengths
and all the angles easily.
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When using measurement data from MDCT, a problem is
that femur lengths measured using digital images may not be
the same as the lengths measured with the osteometric board,
because the femur is a 3D structure. As seen in Fig. 1a, the
distance between the two vertical planes (L1) may not be the
same as the maximum femur length measured using CT (L2)
[12]. If, however, the two lines are parallel to each other, then
the lengths should be the same, which would render the digital
data acceptable to use for anthropologic purposes.

Itis believed that the proportional correlations between stat-
ure and long bones vary among the different population and
generation [16—18]. Choi et al. developed a stature estimation
formula for Korean adult males that is somewhat different from
other stature estimation formulae [19]. No data have yet been
reported concerning stature estimation for Korean females.
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Fig.1 Three-dimensional volume rendered visualization of a femur. The
femur is put on the virtual osteometric board (a). The L1 (red) is the
distance between two vertical (axial) planes which refers to the
maximum femur length that is analogous to the classic method using
osteometric board. The L2 (blue) is the line drawn between two contact
points where each end of femur meets the two vertical planes. From the
anterior view (b) of the femur, L2cor is the projection of the L2 to the
horizontal (coronal) plane. From the lateral view (c) of the femur, L2sag
is the projection of the L2 to the imaginary sagittal plane which is not
shown in this figure
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This study investigated how the CT images can be used for
measurements in place of the osteometric board and how the
stature estimation formula for Koreans is obtained.

Material and method
Subjects

Actotal of 390 Korean cadavers, including 30 skeletonized and 360
nonskeletonized ones, were subjected to the postmortem CT and
autopsy at the National Forensic Service, Seoul Institute from
September 2013 to February 2015. The data from the 30 skeleton-
ized bones were used to compare the maximum femur lengths
measured using an osteometric board with femur lengths measured
using digitalized data. The data from the 52 cadavers out of 360
non-skeletonized ones were obtained using CAD data. The sub-
jects in this group consisted of 15 females (the number of cadavers
aged 10-20 =4, aged 21-30 = 6, aged 31-40 = 4, and aged 41—
50=1)and 37 males (the number of cadavers aged 10-20=5, aged
21-30=21, aged 31-40=10, and aged 41-50 = 1). The data from
the remaining 308 non-skeletonized cadavers were collected to
calculate stature estimation formulae for the modern Korean pop-
ulation. This group consisted of 153 females (the number of ca-
daversaged 10-20=6,aged 21-30=_8,aged 31-40=33,aged 41—
50=41,aged 51-60=28,aged 61-70 =11, aged 71-80=19, and
aged 81-90 = 7) and 155 males (the number of cadavers aged 10—
20=2,aged 21-30="7, aged 31-40 =17, aged 41-50 =43, aged
51-60 = 59, aged 61-70 = 17, aged 71-80 = 7, and aged 81—
90 =3). All non-skeletonized cadavers with any abnormality such
as fracture, deformity, or pathologic changes were excluded. The
stature was measured in a supine position with a body ruler
(Thermo Scientific, USA) at the beginning of the autopsy.

Procedures

A full body CT scan was performed with an MDCT
(SOMATOM Definition As+, Siemens Healthcare, Erlangen,
Germany) according to the National Forensic Service (NFS)
protocol. This included a tube voltage of 120 kV, pitch factor
0f 0.35, slice thickness of 0.75 mm, increment of 0.7 mm, and
rotation time of 0.3 s. Acquired images were used for mea-
surement with image processing software (Aquarius iNtuition
Edition version 4.4.7, TeraRecon Inc., CA, USA). The maxi-
mum femur length was measured using curved planar
reformats (CPR) and rotating the image.

Data acquisition

DICOM files were converted to CAD data using the MIMICS
software. After the segmentation process by the software, the
femur was located on the imaginary horizontal (coronal) plane.
This was confirmed by checking that the three lowest points of
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the femur were on that plane. A center line in the shaft area was
created automatically using the MIMICS software and then
projected on the horizontal (coronal) plane. Two additional ver-
tical (axial) planes were added that were perpendicular to the
projected center line and also to the horizontal (coronal) plane.
These two vertical (axial) planes are located at the most proximal
point of the femur and at the most distal point of the femur by
using the “Create Datum Plane” and “Create extreme analysis”
function of the software. The distance between these vertical
(axial) planes is the maximum femur length. This is the same
method that is used when obtaining measurements with the
osteometric board [20]. All the points, including landmarks on
the surface of the femur have specific coordinates that make it
possible to measure all the lengths.

To verify the reason why measurements in 3D are almost
the same to ones measured by the classic method using the
osteometric board, a line (L2 in Fig. 1a) was drawn between
the two contact points on the two vertical (axial) planes and
checked whether it was parallel to the projected center line (L1
in Fig. 1a) of the long axis of the femur shaft on the horizontal
(coronal) plane. The angle (0) between these two lines was
calculated using an inner product space of the vectors as:

—_— — |
Inner product= L1-L2 =|LI1 || L2 |cosD

—_— s |—||—
0 = arccosine(Ll-LZ/‘LlHLZD

From the anterior view (Fig. 1b) of the femur, L2cor was
obtained from the projection of the L2 to the horizontal
(coronal) plane. The angle (84) between L2cor and L1 was
calculated using an inner product space of the vectors as:

—_— — | |—
Inner product = L1 -L2cor = ‘ L1 ‘L2cor cosO

i — — ||
Or = arccosme( L1 -L2c0r/‘ L1 HL2corD

The coordinates of the L2sag could not be obtained from the
lateral view (Fig. 1c) of the femur, because the imaginary sag-
ittal plane where the L2 would be projected was not established.
Since the length of the L1 was already measured and the height
could be calculated from the coordinates of the L2, the angle
(01) between L2sag and L1 was calculated using a tangent
function instead of using an inner product space of the vector as:

0L = arctangent((z, — z¢)/L1)

Zp: z value of the proximal end of L2
z4: z value of the distal end of L2

Statistical analysis

The statistical analysis was performed using the SPSS 17.0
(SPSS, Chicago, IL). A Bland-Altman analysis was

performed to evaluate the agreement between the digital im-
age method and the classical anthropological method using
the osteometric board [21]. Simple linear regression analysis
was performed to obtain the stature estimation formula.

Results

The measurements of 30 skeletonized femur specimens are listed in
Table 1. After DNA analysis of bone fragments, the sexes were
identified: 3 females and 27 males. The differences in osteological
and CT measurements were plotted (Fig. 2). The average difference
was 0.53 mm, and the maximum difference was 2 mm. Most of the
measurements were in agreement with the Bland-Altman analysis.

Table 1 Measurements of skeletonized femur

No. Side Sex Lo Ler Log-Ler
1 R M 422 422 0
2 L M 427 425 2
3 R F 407 407 0
4 L M 427 427 0
5 R M 437 435 2
6 L M 442 442 0
7 L F 386 387 -1
8 L M 459 460 -1
9 R M 439 439 0
10 R M 455 454 1
11 L M 455 453 2
12 L M 427 426 1
13 R M 444 444 0
14 R M 393 392 1
15 R M 412 412 0
16 L M 415 416 -1
17 R M 414 412 2
18 L M 412 414 -2
19 L M 412 410 2
20 R F 413 413 0
21 L M 474 473 1
22 R M 417 417 0
23 L M 418 417 1
24 R M 470 468 2
25 L M 433 433 0
26 R M 445 445 0
27 L M 464 463 1
28 R M 451 450 1
29 R M 431 430 1
30 L M 437 436 1

R right, L left, M male, F female, Log measurements using osteometric
board, Lt measurements using digital data, all lengths are described in
millimeter
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Fig. 2 The result of the Bland-
Altman analysis. All the
differences between two
measurements (Lop-Lct) are
calculated to be below 2. Log is

the femur length measured using
osteometric board, and Lct is the
femur length measured using CT

(e]e) o o o o

O @@ o O O O oOow

Difference of two measurements (mm)
1

—4-

T
380.0

The data of the 52 non-skeletonized subjects was converted
to CAD data. The coordinates of the two contact points on the
vertical (axial) planes and the two center line projected points
of the long axis of the femur shaft on the horizontal (coronal)
planes are listed in Table 2. The angles (8) between the two
lines (L1 and L2) obtained from each coordinate were calcu-
lated with an average of 1.48° and a maximum angle of 3.33°.
The coordinates of the two projected points of L2 on the
horizontal (coronal) plane are listed in Table 3, which is how
L2cor was obtained. The angles (0,) between the two lines
(L1 and L2cor) indicated an average of 0.80° with a maximum
angle of 3.07°. The angles (0;) between L1 and L2sag (Fig
1¢) were calculated using the tangent function. The mean of
the angles was 0.98° with a maximum angle of 2.76°.

The descriptive statistics of femur measurements from the 308
non-skeletonized individuals are shown in Table 4. The female stat-
ure ranged from 140.0 to 185.0 cm. The average was 157.11 cm
with a standard deviation of 7.46 cm. In males, the stature ranged
from 153.5to 186.6 cm. The average was 169.59 cm with a standard
deviation of 6.25 cm. There was a positive correlation between
femur lengths and stature that was statistically significant using the
Pearson correlation coefficient. A summary of the regression results
isshownin Table 5. The coefficient of determination (Rz) valueswas
high in all groups and higher in females than in males. The standard
error of the estimate was lower in males than in females.

Discussion

Forensic anthropology is widely used for the determination of
sex, age, and stature when severely decomposed or

@ Springer
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skeletonized bodies are found [4, 22]. Recently, due to the
development of MDCT, forensic radiology can play a role in
forensic anthropology [12, 13, 23, 24]. Digital data can gen-
erate 3D models that can be easily maintained using compu-
tation equipment. In addition, structural information about
unidentified bodies can be preserved using a 3D bone struc-
ture storage system that is applied to the data set without using
a lot of storage space. A critical problem in using radiologic
tools in the anthropologic field, however, is the difficulty in
defining landmarks on 3D images. Landmark location uncer-
tainty could cause technical errors in the process.

A method to prevent locating false landmarks was
employed in this study. This method involves measuring the
maximum femur length between the most proximal and most
distal points in 3D space by rotating the image on the long axis
of the femur using the CPR in MIMICS. During rotation, the
most proximal and distal points can be changed according to
each plane, and after a complete rotation, the maximum femur
length can be determined. The measurements obtained using
this method were comparable to measurements obtained using
an osteometric board in the 30 skeletonized femurs. As in
previous studies [25], the average length of the left femur
was slightly greater than the average length of the right femur.
The differences, however, were not statistically significant.

Of late, CT is considered to be an accurate radiologic
assessment for morphometry in contrast to plain radiogra-
phy [9, 26]. In this study, the classical osteometric board
was virtually simulated using CAD data and specialized
software. After measuring the maximum femur length, the
DICOM files were converted into CAD data using the
MIMICS software. The femur was segmented and placed
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Table2 Measurements of skeletonized femur. The coordinates of the two contact points on the vertical (axial) planes and two projected points of the
center line on the horizontal (coronal) planes

No Clx Cly Clz C2x Cy C2z Vix Vly Viz V2x V2y V2z

1 992.09 918.39 763.35 747.15 796.14 763.35 1070.1 989.85 791.66 671.12 785.99 793.37
2 536.29 843.32 330.75 525.93 603.36 330.75 512.07 937.02 360.54 496.67 536.57 356.31
3 1014.84 805.58 893.85 155.06 928.11 893.85 831.18 867.49 930.86 356.5 931.45 925.99
4 646.05 1013.62 428.08 638.93 7113 428.08 614.51 1105.37 45533 609.69 650.92 456.93
5 700.89 1122.53 810.73 711.46 837.95 810.73 659.5 1225 845.73 686.58 776.7 838.92
6 620.67 944.68 154.58 612.94 652.53 154.58 596.34 1028.3 192.04 581.89 603.6 187.11
7 609.7 936.19 153.25 589.69 634 153.25 590.6 1057.26 201.36 550.92 579.7 189.45
8 642.14 1027.12 532.61 631.15 701.25 532.61 615.83 1117.52 559.27 602.23 646.4 562.25
9 673.7 1011.03 406.06 642.28 707.76 406.06 652.38 1085.17 445.88 614.03 657.04 430.52
10 618.6 996.76 502.19 617.23 680.56 502.19 577.37 1082.74 529.56 590.95 625.57 546.81
11 658.18 675.5 250.89 693.02 944.07 250.89 669.19 606 281.48 722.44 990.51 278.38
12 614.85 962.25 522.61 607.28 659.31 522.61 588.68 1049.18 556.31 580.11 611.27 564.32
13 634.6 1008.52 429.74 618.99 687.36 429.74 613 1103.58 522.78 585.17 624.15 521.04
14 682.14 667.43 147.95 661.46 367.9 147.95 659.4 749.46 175.53 632.06 314.68 176.19
15 655.75 1007.83 586.28 652.22 699.62 586.28 628.02 1073.95 609.48 624.97 657.22 623.86
16 678.21 1054.38 534.68 672.18 722.83 534.68 649.15 1144.38 563.84 640.99 661.37 571.07
17 661.61 1041.69 616.36 657.93 711.76 616.36 636.11 1121.51 653.38 627.45 667.77 638.93
18 647.29 1049.23 44527 668.61 731.15 44527 605.97 1129.98 478.34 649.46 681.26 484.35
19 651.31 965.04 285.77 636.3 683.72 285.77 633.04 1047.17 319.63 601.5 631.07 307.09
20 624.39 972.57 230.16 598.28 642.36 230.16 602.6 1063.62 271.46 561.57 584.73 261.72
21 605.9 958.58 284.49 588.7 651.35 284.49 582.12 1050.95 331.44 550.11 587.33 309.11
22 652.35 1002.7 556.89 617.39 696.87 556.89 640.27 1088.03 597.3 578.41 639.29 581.36
23 646.2 996.69 434.21 633.32 688.03 434.21 603.97 1091.87 474.09 599.26 630.01 479.45
24 734.5 1010.5 593.54 7274 747.48 593.54 702.32 1076.49 616.7 707.25 704.13 628.47
25 651.55 989.54 621.96 650.16 712.17 621.96 621.71 1081.44 658.81 627.21 652.41 664.82
26 1059.74 771.79 763.9 790.62 781.93 763.9 1143.81 798.15 791.58 736.77 804.5 795.22
27 648.52 1022.88 523.58 648.56 712.98 523.58 615.29 1122.62 563.38 624.85 656.23 563.19
28 1043.76 700.19 673.08 726.43 707.73 673.08 1140.87 726.49 700.38 664.59 732.67 706.01
29 638.95 993.98 260.48 621.81 684.16 260.48 629.22 1083.05 299.8 590.31 622.65 292.2
30 730.24 1165.94 885.36 753.49 874.67 885.36 688.48 1251.05 918.73 72931 814.32 913.27
31 664.15 983.62 300.42 611.85 676.2 300.42 646.45 1089.88 326.57 572.64 616.55 325.59
32 653.71 963.22 214.07 634.85 683.67 214.07 636.03 1041.05 257.99 601.61 635.74 244.43
33 649.01 971.95 290.54 620.68 683.36 290.54 628.05 1071.51 322.47 584.25 625.65 315.76
34 674.81 991.54 133.96 669.26 714.73 133.96 662.84 1075.78 169.2 647.61 664.64 169.52
35 662.75 968.87 473.22 633.22 684.15 473.22 634.58 1066.07 504.29 601.4 630.15 501.61
36 634.49 971.57 266.76 614.25 670.85 266.76 604.58 1064.04 299.17 579.29 616.86 292.96
37 608.73 959.5 222.7 595.04 645.81 222.7 584.46 1053.69 263.26 563.99 581.1 251.64
38 664.34 986.25 234.98 660.72 707.98 234.98 642.58 1081.35 273.74 644.1 655.18 281.18
39 619.82 913.26 562.6 613.92 678.19 562.6 602.51 1002.4 598.01 580.66 621.39 599.13
40 640.69 947.09 85.84 610.28 646.05 85.84 618.87 1026.77 128.88 57431 597.65 114.39
41 645.53 949.75 218.94 604.55 664.63 218.94 612.87 1030.79 248.56 570.57 609.4 239.79
42 644.86 990.96 481.98 632.16 700.17 481.98 622.52 1066.68 522.19 600.28 642.67 508.04
43 669.06 1014.1 533.48 658.88 733.57 533.48 653.86 1098.75 564.62 631.55 691.01 550.4
44 648.42 961.56 117.2 604.42 651.74 117.2 636.94 1045.07 152.18 567.25 599.85 143.61
45 670.03 1013.1 529.2 672.21 728.02 529.2 632.68 1091.55 560.74 658.71 683.47 566.92
46 617.16 960.08 249.66 595.74 660.53 249.66 596.7 1047.8 296.81 564.82 601.22 283.03
47 689.15 1103.54 813.09 698.68 799.03 813.09 652.69 1191 844 676.24 747.67 847.17
48 620.78 952.95 362.67 613.79 669.71 362.67 592.98 1047.07 392.43 588.36 615.13 400.15
49 632.47 976.97 406.86 628.41 688.03 406.86 612.66 1069.11 42797 598.73 639.47 424.79
50 642.68 1020.18 670 639.38 719.26 670 6132 1113.84 700.76 607.8 650.06 703.36
51 1052.5 731.42 730.33 763.68 759.04 730.33 1140.76 758.35 764.32 709.99 791.8 757.92
52 661.09 1024.86 583.41 652.38 705.14 583.41 62331 1117.65 619.98 622.22 646.05 619.33

All values are rounded off to the second decimal points

Clx x-coordinate of proximal contact point of the projected center line of the femur shaft, C/y y-coordinate of proximal contact point of
the projected center line of the femur shaft, C/z z-coordinate of proximal contact point of the projected center line of the femur shaft,
C2x x-coordinate of distal contact point of the projected center line of the femur shaft, C2y y-coordinate of distal contact point of the
projected center line of the femur shaft, C2z z-coordinate of distal contact point of the projected center line of the femur shaft, Vix x-
coordinate of proximal contact point on the vertical plane, VIy y-coordinate of proximal contact point on the vertical plane, VIz z-
coordinate of proximal contact point on the vertical plane, V2x x-coordinate of distal contact point on the vertical plane, V2y y-
coordinate of distal contact point on the vertical plane, V2z z-coordinate of distal contact point on the vertical plane
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Table 3 The coordinates of two
projected points on the horizontal
(coronal) plane of both contact
points on vertical (axial) planes

on an imaginary horizontal plane. Two additional imagi-
nary vertical planes were added, which were perpendicu-
lar to the horizontal plane. The maximum femur length
was then calculated from the distance between the two

@ Springer

No Hlx Hly Hlz H2x H2y H2z

1 1069.53 991.07 763.36 671.11 785.99 763.36
2 513.59 936.96 330.75 496.67 536.57 330.75
3 831.42 868.52 893.85 356.5 931.45 893.84
4 614.51 1105.37 428.08 609.69 650.92 428.08
5 659.5 1225.01 810.73 686.58 776.71 810.73
6 596.34 1028.31 154.58 580.4 603.61 154.58
7 590.4 1057.31 153.25 55191 579.41 153.25
8 615.74 1117.9 532.61 603.84 646.11 532.61
9 652.38 1085.18 406.06 614.03 657.05 406.06
10 576.05 1082.78 502.19 590.97 625.53 502.19
11 669.71 605.81 250.89 722.44 990.65 250.89
12 589.79 1049.23 522.61 572.76 611.01 522.61
13 613 1103.58 492.74 585.17 624.16 492.74
14 658.9 749.5 147.95 632.06 314.68 147.95
15 625.55 1074.4 586.28 621.44 656.6 586.28
16 652.63 1144.37 534.68 637.11 661.41 534.68
17 631.79 1121.6 616.36 628.64 667.67 616.36
18 605.97 1129.98 44527 649.46 681.26 44527
19 627.55 1047.82 285.77 603.82 630.71 285.77
20 600.57 1063.8 230.16 561.57 584.72 230.16
21 580.29 1051.14 284.49 551.84 587.19 284.49
22 640.27 1088.03 556.89 578.42 638.3 556.89
23 604.81 1091.87 434.21 590.55 629.93 434.21
24 704.87 1076.48 593.54 705.77 704.11 593.54
25 625.86 1081.45 621.96 625.51 652.41 621.96
26 1143.85 798.97 763.9 736.77 804.5 763.9
27 615.29 1122.62 523.58 624.85 656.22 523.58
28 1140.87 726.49 673.08 664.59 732.67 673.08
29 627.81 1083.19 260.48 590.76 622.56 260.48
30 685.74 1250.87 885.36 729.31 814.33 885.36
31 644.15 1090.35 300.42 572.86 616.51 300.42
32 635.32 1041.14 214.07 601.71 635.42 214.07
33 62591 1071.79 290.54 585.82 625.31 290.54
34 656.15 1076.16 133.96 643.53 664.05 133.96
35 634.58 1066.07 47322 601.39 630.16 473.22
36 604.58 1064.04 266.76 579.29 616.86 266.76
37 579.36 1054.01 222.7 565.45 580.99 222.7
38 642.58 1081.36 234.98 636.4 655.22 234.98
39 602.51 1002.4 562.6 5713 621.14 562.6
40 618.37 1026.83 85.84 574.46 597.47 85.84
41 610.47 1031.24 218.94 572.74 609.11 218.94
42 620.27 1066.89 481.98 601.87 642.45 481.98
43 648.83 1099.31 533.48 631.55 691.01 533.48
44 636.11 1045.33 117.2 568.19 599.54 117.2
45 640.43 1091.86 529.21 648.41 682.53 529.2
46 596.7 1047.79 249.66 565.1 601.11 249.66
47 652.69 1191 813.09 676.24 747.67 813.09
48 597.66 1047.1 362.67 584.52 615.1 362.67
49 612.42 1069.36 406.86 600.78 639.41 406.86
50 613.2 1113.84 670 610.16 649.97 670
51 1140.75 758.35 730.33 709.98 791.8 730.33
52 623.31 1117.65 583.41 621.93 645.97 583.41

All values are rounded off to the second decimal points

HIx x-coordinate of proximal contact point after projecting on the horizontal plane, /1y y-coordinate of proximal
contact point after projecting on the horizontal plane, H1z z-coordinate of proximal contact point after projecting
on the horizontal plane, H2x x-coordinate of distal contact point after projecting on the horizontal plane, H2y y-
coordinate of distal contact point after projecting on the horizontal plane, H2z z-coordinate of distal contact point
after projecting on the horizontal plane

vertical planes. This is similar to the classic method using
an osteometric board [20]. As in previous studies, the
measurements using CT images were comparable to the
measurements using an osteometric board [13, 27, 28].
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Table 4 Descriptive statistics of measurements (cm) of femur

Female (n = 153) Male (n = 155)

Minimum Maximum Mean S.D. Minimum Maximum Mean S.D.
Right 32.1 48.1 40.853 2.3548 38.8 50.6 44.123 2.0487
Left 322 47.9 40.935 2.3268 38.5 50.8 44.254 2.0566

S.D. standard deviation

CAD data was used to determine the reason that the
measurements were similar. In Fig. 1, the maximum femur
length measured using the osteometric board was designat-
ed L1, and the maximum length measured using CT was
designated L2. The two lengths are the same when the two
lines are parallel. When using CAD data, all the points on
the surface of the femur have specific coordinates. Length
can be easily calculated when any two contact points of
any line is known. Maximum femur length can be calcu-
lated when the coordinates of two contact points on the
femur and two imaginary vertical planes are known. To
calculate the angle between any two lines, the inner prod-
uct space of the vector can be used. The angle between L1
and L2 was almost zero in every measurement. This means
that the line between the two contact points on the
osteometric board was almost always parallel to the base
planes and also to the long axis of the shaft of the femur.

The stature estimation formula for Korean adults was
obtained using CT images. Simple linear regression analy-
sis is an appropriate statistical method for stature estima-
tion analysis [29, 30]. There has been a lack of research on
a stature estimation formula for Asian females. Choi et al.
used the long bones of Korean adults to present a stature
estimation formula, but did not include females in the
study [19]. Extremities of stature proportions are different
compared to those in the past owing to different lifestyles.
Therefore, new stature estimation formulae are needed to
reflect modern relative leg length [3, 31]. There is a little
difference between the formulae for stature estimation of
Koreans and other populations. The regression coefficients

Table 5 Summary of the regression results

Regression equation R R? SEE
Female, right 2.82*FL + 41.926 0.890 0.792 3.4167
Female, left 2.842*FL + 40.776 0.886 0.785 3.4684
Male, right 2.593*FL + 55.170 0.850 0.722 3.3053
Male, left 2.610*FL + 54.081 0.859 0.737 3.2139

Values are indicated in centimeters.

FL femur length, R coefficient of correlation, R? coefficient of determi-
nation, SEE standard error of the estimate

of the stature estimation formula in this study are higher
than those in previous studies with other populations but
lower than those in the study by Choi et al. [3, 19] of the
Korean male population. They are also higher in the female
population than in the male population. This study used
cadaver lengths, which are known to be greater than living
stature lengths [3, 32, 33]. Therefore, further study using
the data of living person is needed.

Conclusion

When using the digital images for measurement of the long
bones, the frequently overlooked problem is whether the
maximum femur length measured using CT image was
comparable to the maximum femur length measured using
osteometric board. We designed a virtual osteometric
board to confirm anatomical characteristics of the femur
and were able to validate the possibility to use the digital
image in forensic anthropology and obtain a stature esti-
mation formula for Korean population. In addition, this
technique is expected to be applied in further studies using
the data of other bones or living person.
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