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Evaluation through the Use of DSP2 Program for Sex Estimation by
Measuring Human Hip Bones in a Joseon Dynasty Bone Collection
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1Departmem‘ of Integrative Alternative Medicine, Graduate School of Shinhan University
2Departmem‘s of Anatomy, Dankook University College of Medicine
*Rinascita College of Liberal Art and Science, Shinhan University

Abstract : Human bones provide plentiful information about height, sex, age, race and enable individual
identification. Most of all, sex estimation is a basic and essential task and non-metric sex estimation is usually
determined by professional experts. in case of Inexperienced young researchers, some mistakes may happen
in determination of sex estimation. Therefore, there is a need for development of a method to determine sex
estimation objectively and consistently even for students. The Diagnosis Sexuelle probabiliste (DSP2) program,
which were developed based on more than 2,000 samples known sex from 12 population, is simple and objective
method as it determines a sex estimation just by mesauring 10 parameters for hip bone. However, there has been
no evaluation whether sex can be determined in Koreans by using DSP2) program yet. The purpose of this study
is to evaluate whether the DSP2 program can determine accurately the sex estimation comparing with the non-
metric sex estimation results in the hip bone of the Joseon Dynasty. First, three researchers determined gross,
non-metric sex estimation of 15 people (n=29) randomly selected from Joseon Dynasty human bone collection
as a blind test method. Sex estimation for 15 people were determined as 9 male and 6 female. Based on this
result, the sex estimation result by DSP2 program was compared and evaluated the accuracy of sex estimation.
When comparing the non-metric sex estimation results, the determination of sex estimation ratio of DSP2 for
10 parameter was 86.2%, for essential 8 parameter was 89.66%, for best 4 parameter was 85%, and for worst 4
parameter was 31.3% (n=9), which was lowest ratio among all 4 set of parameters. Comparing the sex estimation
accuracy for 10 parameter with the set of essential 8, best 4, and worst 4 parameter in each, the sex estimation
accuracy was calculated as 86.2%, 80%, 31.03%, respectively. DSP2 program for 10 parameter is revealed as
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a useful program that can be used with high accuracy for sex estimation of hip bone in the Joseon Dynasty.

and is also convenient for general user to estimate the sex. This will provide the meaningful basic data for sex

estimation of hip bone in the Korean population. However, since the number of hip bones used is not sufficient

for generalization, a more accurate evaluation of the DSP2 program will be possible if additional studies are

performed with more large scale of samples in the future.

Keywords : Joseon Dynasty, Sex estimation, Hip bone, DSP2, Non-metric, Metric
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Table 1. The 10 parameters of hip bone measuring used in DSP2 program

Cotylo-pubic width
(Spu) [27]

Acetabulo symphyseal
pubic length (Pum) [24]

Vertical acetabular
diameter (Veac) [24]

Ischium post-acetabular
length (Ismm) [28]

Greater sciatic notch
height (Iimt) [24]

Cotylo-sciatic
breadth (Sis) [24]

Spino-auricular
length (Sa) [27]

Spino-sciatic
length (Ss) [27]

Coxal length
(Dcox) [24]

Iliac or coxal breadth
(Scox) [24]
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Table 2. Non-metric sex estimation results by 3 professional researchers

DSP2 Z2IWE 0|

Joseon Human Bone sample

Researcher 1

Researcher 2

Researcher 3

Excavation site ID number

1 Yongin 3 FAL-a-24 Female Female Female

2 Goyang 7 FAL-a88 Female Female Female

3 Goyang 12 FAL-al05 Female Female Female

4  Hwaseong 8 FAL-a24 Male Male Male

5 Guri C-28 FAL-a47 Male Male Male

6 Goyang 10 FAL-al100 Male Male Male

7 Wonju 6-1 WI6-1 Male Male Male

8 Uijeongbu 1 EJB-1 Male Male Male

9 Uijeongbu 2 EJB-2 Female Female Female
10 Cheongju e-2 FAL-a67 Male Male Male
11 Yongin 2 FAL-a56 Male Male Male
12 Goyang 7 FAL-a%4 Male Male Male
13 Hwaseong 58 FAL-a20 Male Male Male
14 Cheongju 1 FAL-a65 Female Female Female
15  Yongin5 FAL-a59 Female Female Female
96.55% ATt WS A%t

3. SEX MHUET(DSP2)zt H|AS MEFEH Hlw

Al B2kl DSP2 Ao A 3+ E7|wvt JEFgE
1 (8213, FAL-a-24), 5% (7 2]c-28, FAL-a47), 1491 (&
15, FAL-a59)9] A4HE 19 o}, 59 @A}, 149H AR 2
45}ko] Table 394 DSP29] AHF7 YA EE H|2LE}S
o}.

AE7t 3919 4xd ¥4 B33 DSp2 JEEH
Z23E S o, XA P= A= 3HAY 12,
FAL-a105), 58 (78] c-28, FAL-a47)9] 27|A|2 AHEE
A (DSP2)9] YA =L 86.67%0|t}. o] AToA T e
A A7 v B9 SH (Y c-28, FAL-a47)
o] I7HAI St AR E = 8 e ASA R S AHEHS o
(Fig. 1B), 14704 2971¢] E71W A 89.66%= 4B
Aol AR ol= 107} ASAE FS AHERS o
(Fig. 1A)9] 86.2%9 J4EF4 vlgkHo ¢ #3ton, &
23 Ao AALL 96.55%At}. o] Hol= 14H (HF
1, FAL-a65) 7§49 L E£% E7|M7} Az2 S = o] o
st JEEAo 7 AAAA A 4 ASA R
(best 4 parameter)?] #tS 48| AEFAS 2L Fig.
1Col| g2lstgich. 14704 29709 E71woll A A 470 A

ZAE7} BE Gk BIHE 2075 o5 207 7He

3Rl (LE7IM), ST (AE7W), 109 (D=
U A ERofl A o] 2o JEF
AREH. ol 107 ASAR g AHEE 86.2%
AEFA HlEeRY B2 vgon. 3y 4l ASAE
AR E71m 20709 QB Aol 107 ASAE
AR JEFEE Hude o, = DSP2 4EFA

A
=:]
=
=

oo wl M mp 1o Hu

=

7]
% BlE&2 85%

2 95%2 10%(287]m) e wE A5t

22| & (worst 4 parameter)ol| T

(o]
=T
Zo) BNl WA Aok AA $747 47)

3 ez 3 A

o=a2T o=

L Fig. 1D A5ttt 14704 29712] 27]w o) A 297)
HEA FE7MH 47 AZSANEES AS 7Hest o
£ 2970 7}26] DSP2 Z2 1L o] 83l H 2H(LE &
7w, 3H(AE7|H), 41 (L2 A E7|H), O (L E- &
7\w), 1T (LE-dE7H), 12¥(LEE7IH)] 974t
o] 2= o] JHFHL 31.03%% . o]= Fig. 1
ol BE A A v u s o 7P R H&olS

o},

2748 4} AZARE AT 20709 HEFY A%
107] AZAZE ASHS W) ATE vwshy T &

©

AAI= 10744171 LA)8) EAE&2 31.03% %t 10719
ASAEE AHEYRE o EFHo] ey, #7148 4
N AZARE AHERS o JEFH o] HA g2 HE&L
68%3Att. o] F ASAEE AHEPS o, JEo] v F

O
T

2=

12H (LEE7]H) 1703 A

AEFAol HA FkA, F

AAL, 107) A% %
EERUEERES



14 2FH, Eoio|xt, 2=, 45, o2

A Obs  Pum Spu Deox fml hem Sex S5 Se 5% Ve BF o~ Sex Status B Obs  Pum  Spu Drox et bam Scox 53 Sa Sk Veac  PF o sex Status
2600 19200 960014200 6400 G000 MO0 ATEO OS9T 0003 Female o Computstion made < 2600 19200 600 14200 6400 8000 3400 4700 0897 0003 Famale o Computation made
1200 o0 2880 21200 3809 1200 -w 088 MBle o Computaion faade
e 10800 s 50 0892

Obs  Pum Spu Deox Gimt bmm Seox S

Fig. 1. The results for the Joseon human bone sample (n=29) is represented by the DSP2 graphical user interface with various combina-
tions of parameters. (A) 10 parameters, (B) essential 8 parameters: Sis and Veac removed, (C) best 4 parameters are Dcox, Pum, Spu, limt,
(D) worst 4 parameters are Sis, Veac, Sa, Ss. The first five blue lines are the routine examples given when opening the software. N/A; data
is not applicable.
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Table 3. The accuracy of sex estimation by comparing the DSP2 program with non-metric sex estimation

Excavation site ID number DSP2 Researcher Sexing accuracy

1 Yongin 3 FAL-a-24 Female Female o

2 Goyang7 FAL-a88 Female Female o

3 Goyang 12 FAL-al05 N/A Female X

4  Hwaseong 8 FAL-a24 Male Male o

5 Guri C-28 FAL-a47 Female Male X

6  Goyang 10 FAL-al00 Male Male ]

7 Wonju 6-1 WI6-1 Male Male o

8  Uijeongbu 1 EJB-1 Male Male o

9  Uijeongbu 2 EJB-2 Female Female ]
10 Cheongju e-2 FAL-a67 Male Male o
11 Yongin 2 FAL-a56 Male Male o
12 Goyang 7 FAL-a9%4 Male Male o
13 Hwaseong 58 FAL-a20 Male Male o
14 Cheongju 1 FAL-a65 Female Female o
15  Yongin 5 FAL-a59 Female Female o
N/A, data is not applicable; O, both results are consistent; X, both results are different.
Table 4. Descriptive statistics (by sex) for the Joseon human hip bones (n =29)

Pum Spu Dcox Iimt Ismm Scox Ss Sa Sis Veac

Mean 65.54 28.39 201.26 4425 106.04 148.25 67.72 73.69 3503 55.86
SD 5.30 4.25 19.99 449 9.23 10.06 7.16 5.00 2.81 4.88
Male 64.75 30.81 212.07 4543 112.00 153.58 71.38 75.69 36.50 56.88
SD 5.03 3.37 8.49 2.77 294 5.58 5.14 403 231 4.11
Female 65.11 2444 173.00 43.57 94 .44 136.67 61.00 69.89 32.56 52.78
SD 5.88 2.79 14.24 5.59 598 9.16 3.81 2.67 240 5.65
Min (M) 56 25 201 41 107 147 62 70 33 51
Max (M) 71 35 229 50 117 163 79 85 40 63
Min (F) 57 22 157 33 86 128 57 67 29 44
Max (F) 76 30 193 49 104 150 67 74 36 58
Min (M +F) 56.00 22.00 157.00 33.00 86.00 128.00 57.00 67.00 29.00 44.00
Max (M +F) 76.00 35.00 229.00 50.00 117.00 163.00 79.00 85.00 40.00 63.00
Min (DSP2) 56 17 170 23 86.9 123 525 535 26.5 42.00
Max (DSP2) 87 385 253 63 131.5 187 91 94.7 52 66.50

SD =standard deviation; M =male; F = female; Min (M), Minimal mean value of male hip bone; Max (M), Maximal mean value of male hip bone; Min (F),
Minimal mean value of female hip bone; Max (F), Maximal mean value of female hip bone; Min (M + F), Minimal mean value of all hip bone sample (n =29);
Max (M +F), Maximal mean value of all hip bone sample (n=29); Min (DSP2), DSP2 minimal mean value of reference hip bone [13]; Max (DSP2), DSP2

maximal mean value of reference hip bone [13]
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Fig. 2. The bar graph of mean measuring value for 10 parameters in the Joseon Dynasty human bone sample (n =29).

Table 5. The summary of sexing estimation accuracy with various
combinations of parameters

. % Sex % Sexing
Various parameters A
estimation accuracy
10 parameters (Fig. 1A) 86.2% 86.2%
8 parameters (Fig. 1B) 89.66% 86.2%
Best 4 parameters (Fig. 1C) 85% 80%
Worst 4 parameters (Fig. 1D) 31.03% 31.03%

% Sex estimation: the percentage of determination of sex estimation in
DSP2 program; % sexing accuracy: the percentage of sex estimation
consistency with non-metric sex estimation results.
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