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Abstract

Comparison study of statistical application of logistic regression with discriminant analysis in
sex identification by using 3-dimension computed tomography image was done in the samples of
100 scapula (from 50 females and 50 males, with ages between 20- 70 years), and the mentioned
images happened from the process of autopsy of Central Institute of Forensic Science during the
year 2016 to 2017. The process had measured sizes of right scapula in a total of 7 positions with
Vitrea version 4.1.52 program (Vital Images, Inc.), and data were analyzed with statistics of
discriminant analysis and logistic regression in order to calculate for equation and percentage
accuracy for identifying sex of variables measurement. The study had applied univariate variable
measurement and found that the ability in sex distinguish of each variable is slightly different. By
statistic discrimination analysis, it gave accuracy in sex identification for 82-94 9%, compared with
statistic logistic regression that gave accuracy of 82-95 %. The variable that gives the most accuracy
in sex identification is GL (length of the glenoid cavity). However, for the application of multivariate
variable, it was found that statistic discriminant analysis gives better accuracy in sex identification.
Using only 2 variables of length of the glenoid cavity (GL) and projection length of scapula spine
(SS) with sex identification equation of -27.286 + 0.425GL + 0.09S5S (cut value = 0) gives accuracy

in sex identification in an average of 97 %.
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(A) Measurement of posterior landmark, (B) Measurement of glenoid cavity,

(O) Measurement of acromion and coracoid process
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Table 1 Description of each scapula measurement and abbreviations

No. Measurements Description Abbr.
The distance from superior angle to

1 |Morphological length ML
inferior angle
The distance from medial border to

2 |Morphological width MW
infraglenoid tubercle
The length from spine of scapula to

3 |Projection length of Scapula spine _ SS
acromion process

4 |Length of the glenoid cavity The maximum length of glenoid cavity GL

5 |Width of the glenoid cavity The maximum width of glenoid cavity GW

6 |Maximal length of the coracoid process|The length of coracoid process cP

7 |Length of acromion The length of acromion process AP

Table 2 Descriptive statistics, Kolmogorov-Smirnov and compared means in females and males

Female (N=50) Male (N=50)
Kolmogorov-Smirnov | Compared means

Variables |  Mean Mean
SD SD (* = p<0.05) (* = p<0.05)

(mm.) (mm.)
ML 132.0500 | 7.69726 | 151.4460 | 9.91378 0.083 t =-10.927*
MW 95.7300 | 4.96298 | 106.6640 | 5.30413 0.063 t =-10.644*
SS 122.1800 | 5.82307 | 138.3480 | 6.66435 0.093* U = 89.000*
AP 38.5300 | 3.80844 | 46.1160 | 3.82763 0.054 t =-9.934*
CP 37.0300 | 3.34415 | 41.7500 | 3.47159 0.058 t=-6.924*
GL 34.1100 | 1.55999 | 39.3960 | 1.85318 0.082 t =-15.430%
GW 24.2640 | 1.86643 | 28.2120 | 1.77702 0.062 t =-10.833%

t = independent t-test; U = Mann-Whitney U test

likelihood Gi;’]‘ﬁi?jﬂ Ao GL (length of the glenoid
cavity) wazsduiuusaifianuwiuglunsseuma
Wdsundian (original) Aesaeay 94 (discrimi-

nant analysis) ag 95 (logistic regression) dle

v
o

WiguisuanuuiuglunsssynaRi e nane
NYIALVIUTENINANRAIE04 (average accuracy
for discriminant analysis and logistic regression)

WU UINI5TA SS (projection length of
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scapula spine) TiA1A1mud uglun1ssEY LN
A28n15ldadd discriminant analysis gan31adi
logistic regression 1@nteg d@ufuusnsin ML
(morphological length) waz GL (length of the
glenoid cavity) TAAuusuglun1sseyna
A8n1519ada logistic regression g4n31adf

discriminant analysis @usiallsnsinfiiaeiien
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Table 3 Accuracy of classification of the original group by using discriminant analysis and logistic

regression for the univariate

Predicted group | Predicted group| Average Average
Wilk’s membership |membership for| accuracy | accuracy for
Variables lamda L for discriminant logistic for logistic
likelihood

(* = p<0.05) function (%) | regression (%) | discriminant | regression
Female | Male | Female | Male |function (%) (%)
ML 0.451* 60.200 92 80 92 88 86 90
MW 0.464* 63.826 88 88 88 88 88 88
SS 0.370% 47.653 94 92 90 92 93 91
AP 0.498* 67.574 86 86 86 86 86 86
cP 0.672* 97.935 86 78 86 78 82 82
GL 0.292* 20.023 98 90 96 94 94 95
GW 0.455% 63.836 90 88 90 88 89 89

Table 4 Accuracy of classification of the original group by using discriminant analysis and logistic

regression for the multivariate

Predicted Predicted
Average Average
group group
Wilk’s accuracy |accuracy for
-2 Log membership | membership
Variables lamda for logistic
likelihood |[for discriminant| for logistic
(*=p<0.05) discriminant | regression

function (%) | regression (%)
function (%) (%)

Female | Male | Female | Male
GL/SS 0.223% 11.787 98 96 96 96 97 96
GL/SS/GW 0.222* 11.768 98 96 96 96 97 96
GL/SS/ML 0.222* 9.670 98 96 98 98 97 98
GL/SS/GW/ML 0.221* 9.669 98 96 98 98 97 98
GL/SS/GW/MW 0.219% 11.704 98 96 96 96 97 96
GL/SS/GW/MW/ML 0.217* 9.393 98 96 98 96 97 97
GL/SS/GW/MW/AP 0.217* 0.000 98 96 100 | 100 97 100
GL/SS/GW/MW/ML/AP 0.216* 0.000 98 96 100 100 97 100
GL/SS/GW/MW/ML/AP/CP 0.211* 0.000 96 96 100 100 96 100
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Toyalumsneil 4 uansdn Wilk’s lamda
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wiuglunsssymAnasnigalunguiuiuy
(original) waglddruruiauysiesd qaseaia
discriminant analysis (388@ag 97) As NSNS

nsinlalaviiliaanuusiugilunsseymaiiaunn

Juuazorahlianuuslugianas indedosay 96
ynldyndauys) daunsiiindnaudiudsnsia
Tuadi@ logistic regression agdliualduyinlwaNm
usiuglunmszymaiuanntu Taefidaudsnista
GL/SS/GW/MW/AP 1lusuusiidarmusiugily
nsszyALed sunfigalungaduuuy (original)
wazldduruduystesiian (Fovar 100) e
Wisuifsumnuusiugilumsszymaadssening
saansadfluna uduuu (original) wuanadf
logistic regression # A1NLL UTININATED A
discriminant analysis L8ntiae (Sovay 96-97 fu
Foway 96-100)

Table 5 Accuracy of classification of the 5-fold cross validation by using discriminant analysis and

logistic regression for the multivariate

Predicted group
) Average
membership
Function of Discriminant analysis (DA) and accuracy for | Box’s M
Variables For 5-fold cross
Logistic regression model (LR) o 5-fold cross | *=p<0.05
validation (%)
validation (%)
Female | male
GL/SS (DA) -27.286 + 0.425GL + 0.09SS 98 96 97 0.127
GL/SS/GW (DA) |-27.223 + 0.406GL + 0.086SS + 0.044GW 98 96 97 6.978
GL/SS/ML (DA) |-27.335 + 0.407GL + 0.082SS + 0.012ML 98 96 97 9.535
GL/SS/GW/ML  [-27.276 + 0.392GL + 0.079SS + 0.038GW
98 94 96 11.410
(DA) + 0.011ML
GL/SS/GW/MW [-26.695 + 0.4GL + 0.117SS + 0.073GW
96 96 96 8.123
(DA) - 0.051MW
GL/SS/ML (LR) |-226.755 + 4.778GL + 0.208SS + 0.184ML 96 92 94 9.535
GL/SS/GW/ML  [-225.945 + 4.778GL + 0.206SS - 0.026GW
96 92 94 11.410
(LR) + 0.185ML
GL/SS/GW/MW [-6195.758 + 106.683GL + 17.492SS
94 96 95 15.277
/AP (LR) + 1.296GW - 5. 757TMW + 13.784AP
GL/SS/GW/MW [-3246.708 + 37.011GL + 16.456SS - 37.465GW
92 94 93 19.308
/ML/AP (LR) - 6.722MW + 3.993ML + 20.014AP
GL/SS/GW/MW [-3243.871 + 36.864GL + 16.608SS - 37.787GW
92 92 92 31.041
/ML/AP/CP (LR) |- 6.887TMW + 3.911ML + 20.2AP + 0.291CP
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Foyalunnsnadl 5 91nn1590 5-fold cross
validation ¥9987uUsHLUY multivariate WU3162
wsiifienuiuglunisssymandomnniigase
n5lUat@ discriminant analysis Ao GL/SS (DA)
Tanuusiugfosas 97 (ans1afl 5) Tnedaunisly
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Pohar WasAmy [22] AWUINEAR discriminant
analysis Lﬂuﬁ’gLﬁaﬂﬁﬁﬂ’jﬂun’lif\i”n,t,uﬂsﬁ'ay‘amﬂ
Poyanananliinisasiiintoivuatiaiy
Wefarsunanuududlunisszyine
w&aa1nvi 5-fold cross validation vesadiiiaes
Wa1 @UN15INAINYT GL/SS annsldadi
discriminant analysis WHuaunisimunzaudiay
wanlglunisseyine Inedinnuwdugilunisssy
wiAgegn (Govar 97) uazlddmuuslunsiaies 2
AauUs daunislunisseuine Ae -27.286 +
0.425GL + 0.095S (cut value = 0) iilenFouifiey
Aunuidelusdanuingunisaana1dliainy
wiuglnalAgaiunuideves Hanihara [23] (So
ag 96.8) AAnwIsenszgnazdnlunguuszeing
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Uszansdand (Feway 95) :uideves Murphy
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uAT8ves Frutos [25) Tungudsyyinsiamuia
(Sovaz 94.8) azuiulaiuslugvesnissynealag
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5. agu
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annesladadn (logistic regression) AUANANIT
AATIRIMUNNGY (discriminant analysis) Tun1s
srumAlagn1slgnImensLsdAeNNImDIIE U 3

17 veansenazUnluaulneg Wievih 5-fold cross

validation WU 1@ @ discriminant analysis 19
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Anuusiuglunsszymanangauasldianys
Wige 2 @auUs Ae length of the glenoid cavity
(GL) wag projection length of scapula spine (SS)
Tnglvianuuwsiugrlumsszymeiadofosas 97
AsadwUsdlunnga 2 dauds lagaeld

AU lUN STy N UL 0E1la
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