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2Eo g DXA 1¥E YEXEE FZT vt o, DXA

o ]
= #A 9 Y9(ROI: Region Of Interest)S ®43tal G4 onAE vse A=
(Cropping)S Fd3tt}. dE 59, 1#d F9 T & 22 oE 95 (proximal femur)dlA 2% 742
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*Z 3
[0085] (=" FA FEE 54 WF)

S o AAEA (95% CD
54 W5 Total hip Femoral neck Intertrochanter Trochanter

Grey Level Co-occurrence
Matrix (GLCM) features

Autocorrelation 0.95 (0.90-0.97) 0.97 (0.94-0.98) 10.90 (0.79-0.95) [0.91 (0.81-0.95)
Joint Average 0.94 (0.88-0.97) 0.97 (0.93-0.98) 10.87 (0.73-0.93) [0.90 (0.79-0.95)
Cluster Prominence 0.99  (0.99-0.99)|0.99 (0.99-0.99)|0.99 (0.99-0.99) [0.99 (0.99-0.99)
() (x)
Cluster Shade 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Cluster Tendency 0.99 (0.99-0.99) 10.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Contrast 0.99 (0.99-0.99) 0.98 (0.97-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Correlation 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Difference Average 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Difference Entropy 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Difference Variance 0.99 (0.99-0.99) 0.98 (0.97-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Joint Energy 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Joint Entropy 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)
Informational Measure of[0.99 (0.99-0.99)[0.99  (0.99-0.99)[0.99 (0.99-0.99) [0.99 (0.99-0.99)
Correlation (IMC) 1 () (x)
Informational Measure of[0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99) 0.99 (0.99-0.99)

Correlation (IMC) 2

Inverse Difference Moment[0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99) 0.99 (0.99-0.99)
(1IDM)

Maximal Correlation|0.99 (0.99-0.99) 0.99 (0.99-0.99) ]0.99 (0.99-0.99) 0.99 (0.99-0.99)
Coefficient (MCC)

Inverse Difference Moment|0.98 (0.95-0.99)
Normalized (IDMN)

0.9 0
() (
Inverse Difference (ID) 0.99 (0.99-0.99) 10.99 (0.99-0.99) |0
0.9 0

Inverse Difference|[0.98 (0.96-0.99) .98 (0.97-0.99)
Normalized (IDN)

Inverse Variance
Maximum Probability
Sum Average

Sum Entropy

Sum of Squares

9 (0.98-0.99) 5  (0.90-0.98)|0.97 (0.94-0.99)

(e}

.99 (0.99-0.99)
.98 (0.96-0.99)

9
)
.99 (0.99-0.99)
.96 (0.92-0.98)

(e}

.99 (0.99-0.99) .99 (0.99-0.99)
.99 (0.99-0.99) .99 (0.99-0.99)

0 .99 (0.99-0.99)
0
.94 (0.88-0.97) 10.97 (0.93-0.98)
0
0

.99 (0.99-0.99)
(0.73-0.93)
.99 (0.99-0.99)
.99 (0.99-0.99)

.99 (0.99-0.99)
99 (0.99-0.99)
.90 (0.79-0.95)
.99 (0.99-0.99)
.99 (0.99-0.99)

.99 (0.99-0.99) .99 (0.99-0.99)
.99 (0.99-0.99) .99 (0.99-0.99)

olololo e
olololo o
®
3
olololo o

Gray Level Size Zone
Matrix (GLSZM) features

Small Area Emphasis (SAE) |0.88 (0.76-0.94) 0.71 (0.40-0.86) ]0.82 (0.63-0.91) 0.83 (0.65-0.92)
Large Area Emphasis (LAE) .99 (0.99-0.99) .98 (0.96-0.99) .99 (0.99-0.99) 0.98 (0.95-0.99)
Gray Level Non-Uniformity [0.98 (0.95-0.99) 0.89 (0.78-0.95) [0.98 (0.96-0.99) 0.96 (0.93-0.98)
(GLN) ()

Gray Level Non-Uniformity [0.99 (0.98-0.99) 0.97 (0.95-0.98) ]0.99 (0.98-0.99) 0.96 (0.93-0.98)
Normalized (GLNN)
Size-Zone Non-Uniformity |0.95  (0.90-0.97)[0.96 (0.92-0.98) [0.94 (0.87-0.97) [0.72 (0.40-0.86)
(SZN) ()

Size-Zone Non-Uniformity [0.92 (0.83-0.96) 0.91 (0.81-0.95) |0.88 (0.76-0.94) 0.62 (0.20-0.82)
Normalized (SZNN)

(e}
o
(e}

Zone Percentage (ZP) 0.98 (0.97-0.99) 0.97 (0.93-0.98) 10.98 (0.97-0.99) [0.97 (0.93-0.98)
Gray Level Variance (GLV) [0.99 (0.99-0.99) ?.?8 (0.96-0.99)[0.99 (0.98-0.99) [0.98 (0.97-0.99)
k

Zone Variance (ZV) 0.99 (0.99-0.99) 0.98 (0.96-0.99) 10.99 (0.99-0.99) [0.98 (0.96-0.99)
Zone Entropy (ZE) 0.97 (0.95-0.98) 0.96 (0.91-0.98) 10.98 (0.97-0.99) [0.95 (0.97-0.88)
Low Gray Level Zone 0.88 (0.76-0.94) 10.98 (0.95-0.99) |0.81 (0.61-0.91) [0.71 (0.40-0.86)
Emphasis (LGLZE)

High Gray Level Zone 0.96 (0.92-0.98) 0.97 (0.95-0.98) ]0.94 (0.88-0.97) [0.91 (0.81-0.95)

Emphasis (HGLZE)
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Small Area Low Gray Level |0.91 (0.82-0.96) 0.75 (0.48-0.88) |0.88 (0.74-0.94) [0.81 (0.61-0.91)

Emphasis (SALGLE)

Small Area High Gray Level|0.90 (0.76-0.94)[{0.92 (0.84-0.96) [0.84 (0.67-0.92) |[0.80 (0.58-0.90)

Emphasis (SAHGLE) ()

Large Area Low Gray Level [0.98 (0.97-0.99) [0.98 (0.97-0.99) [0.96 (0.93-0.98) |0.95 (0.91-0.97)

Emphasis (LALGLE)

Large Area High Gray Level|[0.97 (0.94-0.98) 0.97 (0.95-0.98) ]0.88 (0.75-0.94) [0.94 (0.87-0.97)

Emphasis (LAHGLE)

Gray Level Run Length

Matrix (GLRLM) features

Short Run Emphasis (SRE) 0.99 (0.98-0.99) 0.98 (0.96-0.99) 10.99 (0.98-0.99) [0.99 (0.98-0.99)

Long Run Emphasis (LRE) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Gray Level Non-Uniformity [0.99 (0.99-0.99) 0.98 (0.97-0.99) ]0.99 (0.99-0.99) [0.99 (0.98-0.99)

(GLN)

Gray Level Non-Uniformity |0.99 (0.99-0.99)[0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99)

Normalized (GLNN) ()

Run Length Non-Uniformity [0.99 (0.99-0.99) [0.98 (0.97-0.99) [0.99 (0.99-0.99) ]0.99 (0.99-0.99)

(RLN)

Run Length Non-Uniformity [0.99 (0.99-0.99) 0.99 (0.99-0.99) ]0.99 (0.99-0.99) [0.99 (0.99-0.99)

Normalized (RLNN)

Run Percentage (RP) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Gray Level Variance (GLV) [0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Run Variance (RV) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Run Entropy (RE) 0.99 (0.99-0.99)[0.99 (0.99-0.99)[0.99 (0.99-0.99) [0.99 (0.99-0.99)
() ()

Low Gray Level Run 0.92 (0.83-0.96) 0.93 (0.86-0.97) |0.74 (0.46-0.87) [0.81 (0.60-0.91)

Emphasis (LGLRE)

High Gray Level Run 0.95 (0.90-0.97) 0.97 (0.94-0.98) ]0.90 (0.80-0.95) [0.90 (0.80-0.95)

Emphasis (HGLRE)

Short Run Low Gray Level [0.90 (0.79-0.95) [0.94 (0.89-0.97) |0.75 (0.47-0.88) |0.72 (0.42-0.86)

Emphasis (SRLGLE)

Short Run High Gray Level [0.97 (0.95-0.98) 0.98 (0.96-0.99) ]0.95 (0.91-0.98) [0.94 (0.88-0.97)

Emphasis (SRHGLE)

Long Run Low Gray Level 0.97 (0.95-0.99) 0.98 (0.97-0.99) 10.91 (0.82-0.95) [0.96 (0.92-0.98)

Emphasis (LRLGLE)

Long Run High Gray Level 0.95 (0.90-0.97) 0.96 (0.92-0.98) ]0.85 (0.70-0.93) [0.89 (0.78-0.95)

Emphasis (LRHGLE)

Gray Level Dependence

Matrix (GLDM) features

Small Dependence Emphasis |0.99 (0.98-0.99) [0.97 (0.94-0.98) [0.99 (0.98-0.99) [0.97 (0.95-0.99)

(SDE)

Large Dependence Emphasis [0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99)

(LDE)

Gray Level Non-Uniformity [0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

(GLN)

Dependence Non-Uniformity [0.99 (0.99-0.99) [0.98 (0.97-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99)

(DN)

Dependence Non-Uniformity [0.99  (0.99-0.99)[0.99 (0.99-0.99) [0.99 (0.99-0.99) [0.99 (0.99-0.99)

Normalized (DNN) ()

Gray Level Variance (GLV) [0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Dependence Variance (DV) [0.99 (0.99-0.99) [0.97 (0.95-0.98) [0.99 (0.98-0.99) ]0.98 (0.97-0.99)

Dependence Entropy (DE) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 10.99 (0.99-0.99) [0.99 (0.99-0.99)

Low Gray Level Emphasis 0.93 (0.86-0.96) 0.92 (0.84-0.96) |0.72 (0.41-0.86) |0.90 (0.79-0.95)

(LGLE)

High Gray Level Emphasis [0.95 (0.90-0.97) 0.97 (0.94-0.98) ]0.90 (0.79-0.95) [0.91 (0.81-0.95)

(HGLE)

Small Dependence Low Gray |0.91 (0.82-0.95) [0.90 (0.79-0.95) |[0.70 (0.37-0.85) ]0.83 (0.65-0.92)

Level Emphasis (SDLGLE)

Small Dependence High Gray|0.96 (0.92-0.98) [0.98 (0.96-0.99) [0.94 (0.89-0.97) [0.91 (0.82-0.96)

Level Emphasis (SDHGLE)
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Large Dependence Low Gray [0.94 (0.88-0.97) [0.94 (0.89-0.97) |0.74 (0.46-0.87) [0.92 (0.84-0.96)
Level Emphasis (LDLGLE)

Large Dependence High Gray|0.95 (0.89-0.97) [0.97 (0.94-0.98) |0.88 (0.74-0.94) [0.90 (0.80-0.95)
Level Emphasis (LDHGLE)

Neighbouring Gray Tone
Difference Matrix (NGTDM)

features

Coarseness 0.99 (0.99-0.99) 10.98 (0.97-0.99) 10.99 (0.99-0.99) [0.99 (0.98-0.99)
Contrast 0.98 (0.97-0.99) 0.97 (0.93-0.98) 10.97 (0.95-0.98) [0.98 (0.97-0.99)
Busyness 0.95 (0.90-0.97) 0.97 (0.95-0.98) 10.90 (0.80-0.95) [0.90 (0.79-0.95)
Complexity 0.99 (0.98-0.99) 0.97 (0.95-0.98) 10.97 (0.95-0.99) [0.98 (0.96-0.99)
Strength 0.99 (0.99-0.99) 0.99 (0.98-0.99) 10.99 (0.98-0.99) [0.99 (0.98-0.99)

X

=4 A3 d5E 93 7HF Aol £ B ¥gE AdYey] fe 34S, 1) FE23% 54
AL, 2) o]5 H7F3H(normalization)dt 3, 3) A3lH

(o] & E9, correlation coefficient>0.80)2 A|A3}L, 4) AR FDR (False Discovery
gSEARA o] FostA Aol e (BA p value < 0.20) EARSE Adsta, 5) Adgd ALEs 5
ol wxpZF 79k AARSAAE (recursive feature elimination with cross validation) & %8| Fl

score & HUslshs M2 T8 WG =S dlolE ] v|wtste] Aeg 5 Qv

o,

o ro

_ﬁ
M o
o
rE

= 7} &2(= correlation coefficient 7 =
Asta wAAS 71 AFAAFEAAY (recursive feature elimination with cross validation) & 3 W
=

<olA F1 score & HWislst= Ha 8 W 295 dolgl 7wksto] Aded = vt

el 2 il HAO B4 wMaEe] AduEn. odE E°], S130 dAlA 759 5
[e]

KeN
RS =
H Mgl FEHE ATE IS A%, 9A9 B AA E 39 SPRFE F BAGT WA 54

a
3

=2 AsME UAe B4 WSS dug
[e]

W, AREe HE8 54 WSES Jehln, ARse 54 wen 4ud 54 858 ue
J GLRLM Run Entropy (TH)®] FL %7} 0.400.2 7} a1, GLSZM GLV (FN)< 0.02~0.03 HxZe

o -

7|4 Aelg 7|AEAGL, 49 NG, dlE 4F-(Femoral Nect; FN), AAF(Trochanter; TR), A} 7+
(Intertochanter; IT) 2 A m#HE(Total Hip; THE 7|Fo=z, nEASAE AA n#EH(TH) ¢
GLRLM(Gray Level Run Length Matrix) Run Entropy, W¥ 7% (FN)¢] GLRLM(Gray Level Run Length Matrix)
Run Entropy, ©H® Z¥(FN) GLCM (Grey Level Co-occurrence Matrix) IMC1 (Information Measure of
Correlation 1), AA A (TH)S GLCM (Grey Level Co-occurrence Matrix) IMC1 (Information Measure of
Correlation 1), W& ZAX(FN) GLCM IDMN (Inverse Difference Moment Normalized), A 3234 (TH)<
GLCM Cluster Prominence, AA ¥d(TH)S GLSZM (Gray Level Size Zone Matrix) SAHGLE (Small Area High
Gray Level Emphasis), A ZF5-(IT)<2] GLCM IDMN(inverse difference moment normalized), W& Z44-(FN)<]
GLCM Cluster Prominence, A u¥#A(TH)S] GLDM (Gray Level Dependence Matrix) DNN(Dependence Non-
Uniformity Normalized), ZA 3E(TH)2] GLRLM GLNN (Gray Level Non-uniformity Normalized), ZAZ}F(TR)
9] GLSZM (Gray Level Size Zone Matrix) GLN (Gray Level Non-Uniformity), Zx| 3= (TH)e] GLSZM
SIN(Size-Zone Non-Uniformity), ¥ 7% (FN)2] GLSZM GLV(Gray Level Variance)9] 147] 54 ®4d 4 3l
o},

9 1le) B4 MEEE Setow AP olele g AWS FFRat] Aa Aed Aol ek o)
He aophe, 24 n99Ee, BUT TURIME H4 1 A5 e ol7k Fa(F, FU Ao} &
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olu , GLRLM(Gray Level Run Length Matrix)2 Aol 74 w@9le] Zojz2 AHolF+= 1
level run)< A%stect. @gh, GLRLM Run entropyw 2do] # 2 & Ho]e] 3o
A& ZA3Y. GLRLM GLNN (Gray Level Non—uniformity Normalized): ©]u|A] o &
A S SAs7] 98 AHeEnt.

w3k, GLSZM(Gray Level Size Zone Matrix)& DXA o|w|X|olA zlo] & H4H9& AHEFstsk 4= v}, GLSZM
GLV(Gray level Variance) 542 33 &EEol Ul adeo] d¥ =W =E 743k, GLSZM GLN(Gray Level
Non-Uniformity)& ZZ#lo] 2 Zxgkel WS 5743, GLSIM SZN(Size—Zone Non-Uniformity)s ©]W|=A]
Yol Al 27] 999 HEAds 543,

GLSZM (Gray Level Size Zone Matrix) SAHGLE (Small Area High Gray Level Emphasis)™ © H& Z1do] #d
S 7 o e A7) G99 XE BX olux|dA H&S FA3 kS UEldT),

GLCM (Grey Level Co-occurrence Matrix) IMC1 (informal measure of correlation 1)& o]ujx]e] Blxxjo] &
XS yeblar, GLCM IDMN (inverse difference moment normalized)S o]n|A¢] TAAS =A%}l GLCM
Cluster Prominence: GLCMS] o= & vt Ao tist =4 kS vepdct.

GLDM (Gray Level Dependence Matrix) DNN(Dependence Non-Uniformity Normalized)2 o]m|X] ko] F&A] 9

FAS A% #oZ2, 4S5E 5 ol 9 B2 24A4E YEhdr.

Fest 54 HaE 2 UHA B4 BgEd dEiA e s & 29 VlEd AEE Fx2E 4 .

Al = 1S FEehd, S110 @Al A AAs i S o83t #WAl Y Bd ¥ AdE5S HAEFo RN
I#d =4 APE dSs] A% e s A30] B AREE Al HYd RES A93 4 9tk (S140)
ek J3te]l Egolyd MECAA AMEE 4 e HAl HYd REEL UF 4 THRVF UG, dE 5o, WY 2
2~E (Random Forest) =@, de}~¥ Yl(Elastic net) EE, IZZHAE 9 i

Decision Tree) X2 2 A3 E g ™4l (Support Vector Machine) Zdo
2} €] (hyperparameter )& 3 &= w2} <9l (3-fold cross validation
search method)& ©]&3}e] &%,

o

(@3]

tot

rE

izt

b g

Jﬁ

2L

o ¢

1
i)

0o

]

[aN

g gegto]l BlAE AECAE A4d mal 2id RdEo] AUROC (Area Under the Receiver—Operating
characteristics Curve) @ AUPRC (Area Under the Precision-Recall Curve) &2 X EE o]&3le] HrHAT}.
wAl 2 2d ﬂﬁl‘ﬂﬂﬂol‘ﬂ(callbratmn)o AFE(A5E G5 AA FEQ 2po)H A (A5H HH
o 2714 FE9 Ao)& Sh= Brier Scores ©]-&3dte] H7bETH

S140 GAN A, e H3FelA DXA o]mlAel the 2} v 37}
Ash @tk the 4% 1A DXA oA 2RE 54 WS ol§d uwd 3AL 435 9
S

wdEe) 45 % AS WEYAE b,

Z 4
Accuracy | Precision Recall Fl-score AUROC AUPRC Brier score
Test set
Random forest 0.73 0.58 0.72 0.64 0.784 0.664 0.175
GBDT 0.72 0.61 0.47 0.53 0.768 0.638 0.180
SVC 0.74 0.59 0.72 0.65 0.759 0.607 0.182
Elastic net 0.73 0.56 0.86 0.62 0.758 0.607 0.182
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345 Fxshd ol JHe] DXA a3 gt el REE9 Brier scorex 0.175 WA 0.182 el daL, 9 &
DE2 FAE ASES dehfa gk iRk, AUROC B AUPRCS] ks Y 2 AE mdo] 7P Aol £
S e

kA, Asel 7 2 AoR wdE Ay FHiE mde]
1 E

th. ., S130 ©AleA AER 140 54 WFES aY Eys

14718 EA HFE Fo|a], AA 34 (TH) 9 GLRLM(Gray Level Run Length Matrix) Run Entropy, ¥ 7%
(FN)2] GLRLM(Gray Level Run Length Matrix) Run Entropy, W ZdY-(FN)2] GLCM (Grey Level Co-occurrence
Matrix) IMC1 (Information Measure of Correlation 1), AA] ¥E(TH) GLCM (Grey Level Co-occurrence
Matrix) INMC1 (Information Measure of Correlation 1), ™HE Z¥-(FN)2] GLCM IDMN (Inverse Difference
Moment Normalized), | Z#A(TH)2] GLCM Cluster Prominence®] 671 54 ®We A9, = 59
UElo], AY XY AE Bdd Vo= 52 FAEE VX 679 BA BEE F

=

o -
Asd & Jdv. = 65 F
a5, IAE FAS A2 AFRES, 13d 4SS AX @2 AFEC vE, e J¥3E 2S5 A 25

A 1 =2 GLRLM(Gray Level Run Length Matrix) Run Entropy, © %2 GLCM (Grey Level Co-occurrence
Matrix) IMC1 (Information Measure of Correlation 1)< Holed], & EF 7|d HAeEdA ¢ 2 ol&EA
(heterogeneity)S UERAT, T3, udd ZHS AL AMFEL, 294 &2 AtEd vl8)], 22 "y A
= A 25l ¢ %2 GLCM IDMN (Inverse Difference Moment Normalized)®} T & GLSZM (Gray Level
Size Zone Matrix) GLN (Gray Level Non-Uniformity)& Holw, & R&F Ido]-dd A % oA o A

& B ey

S110 SAlolA AAZ AZ Aol 249 dg Te2E 2dS Hrre 4= o) (S150).

AT Aol S140 HAllA AEg mde] Ao AW, =d 3 A58 fd Edoldes Wi A o
Zof ARgETE (S160).

3k S140 ©@A 2 S150 @A FHA e 5 Uk, dE 59, o8 /e WA gd BEES AMEE
A Agods FEH 54 ¥ 7wt WAl gy BEES A9d 5 AT, sl WAl 2l mdrlke]
1HEE Aol dd dAES FAEA &S 5 Ak, SHARE o]y d Aok sid wAl Y mEle] A%
Aol Al A 3etA] of ol vl A5 Bl o] H A& o] nighz st

72 R 1 uA R eld A9d 34 99 o3 gel F38 4 e 4 2 AFE 15 A gyl
7§18 wwlol
7D 2 09 dFehs el faus 3H Txo QdE ehx, % 7B 24 A8 d%s)

AAE 75 BAE Y3 £54471(510), FAE Afstr] 3 ZZAAM(520) E R

3|
510) #41 B/mE A e 9% wE Y dolE Wolasn B4

] = 1=
F 5 Ak, A TS FTEl $52171(510)F DXA olv] HoHE dHolE wWolAERYYH 4 2 g5
g ot TRAME £54:47](520) 2 H2a(530)2 Aoy, wRa(530)0] AHE WSS o] &3l
SA71(520)0] 9 = Ul dlolE Hlo]xEd FAE FASES Aojd £ qlvh. EE, ZRAA(520)=
Falzle] A% DXA olwA] g tagdd = oglon, vined AgE WHAES Aot ® 1 ux &
6ol A Ak =4 A3 o5 Uye] =3 5 v
T 7)ol A F52171(510)F Akt HolE wlo]~(201) ¥ diZt HolE wlo]~(203)7 f4 EE FA4 Bl
S g = . A dloly Wlo] A~ (201) E thET dlolE Ho]A(203)E FA ] el FAE £ gle
L, A el s e T
T TBRA =E Y3 dFaty] 9% AFEH TEaW F=(555)8 XdEtE AFEHZ 9% F AdE wA
(550)%=, #FH Tras =7k HAFHA S AFEr 2 J§S AAS e oA, 2 3 E3
55 g dig W omAES HEsts 9, W o|uAERRE 54 WEES FEe 9, FF
d 54 Wes T 2d A3 A58k Slsl Zas HAo A WssSs et 9, HAe 54 ¥
52 99 3 S Fdste oA, =4 AFS A5 99 £ e
o
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ol =\ e USB, DVD, Eel4 vmel, @, B 5o 9Y + A, w3, AFENA Lopelow xw
a9 HE(55)E thewel AR F s BE AGUAE oud 4 vk w3, A7) AFY Zeoag s
(55)E ZPHEE F Fo W o)) EmE ag ww A olEeeld Yz newe JuE 238 5
sk,

AeYe A9 EUsE BE, deksay o mY, 2edE Py 24 Ev 2 9 4RE U v @
9 F g olgd 98 9
A7) Ped e S AdA, AAe) 54 WAES U9 TeAE BY, deag Y By, aevds
Yoy 44 Bl wd W AEE WE oy wde] 27 Agdtel WAl B9 £Ysty, 1 A%E AF 9
of Hgatel shpel MAl e RUS MU 5 k. ow,  ehrlews sz;o] muel 45 Hrke] ¢
8 Fd YO AR A5 Bk dolH 8T & A

d& E9], #49 54 W= GLRLM(Gray Level Run Length Matrix) Run Entropy, GLRLM GLNN (Gray Level
Non-uniformity Normalized), GLCM (Grey Level Co-occurrence Matrix) IMC1 (Information Measure of
Correlation 1), GLCM IDMN (Inverse Difference Moment Normalized), GLCM Cluster Prominence, GLSZM
SZN(Size~Zone Non-Uniformity) , GLSZM (Gray Level Size Zone Matrix) SAHGLE (Small Area High Gray Level
Emphasis), GLSZM (Gray Level Size Zone Matrix) GLN (Gray Level Non-Uniformity), GLSZM GLV(Gray Level
Variance), GLDM (Gray Level Dependence Matrix) DNN(Dependence Non-Uniformity Normalized) & 3 o]/

2 TFT 5 oM, 479 /AEHS Bre BAGIRD A2 F3E 5 Ak, 54 W5 0@ A
Ao 28 R 5 vk £, gAsl 9 A AAY, 99 FdsE 2o meh A4H 147)
o 4 Wsvt 488 5 Aot

WoolmA o)F oluA XA E ASWMDKA) elmAY 4 glrh. ¥ wwe] ANdE 2 AFE Tz a2
S A gl DXA olmAE B elrieuls smo] mulg olgdte] B APl YA oy w2 9
Yo AEE dZat @AE o FAFES $AD 5 Ao,

ot AE ® 1 WA & 794 dwat

e
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of Feisel w3k AAlesel tisfix i,

& 204 e FJehe] @Ak HlolE o] A= AlH A ele] EIR dlo]y wHo]xolth, ofuf, fhabatE 654
d HFE7IZEQL 20109 19 H-H 20199 12€7hA] FHepdk b 2dE A2 AbEEoln. EA

1720]t}
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2 %A g2 Age vs) 74
7d$-: log-rank p = 0.001, 93
€ [HR] 4.09, 95% CI 1.76-9.47, > B2
4.51, 95 % CI 2.10-9.70, p <0.001). DXA &t}&Zo0]
ZoETol fIAT & grens AUt e Al 1

22.55], p=0.033). °o]& DXA 20}&% % @& & grjeu~ A5
7kzl 3@zke] 1@ vsith. DA =vEsd &

vs & A% log-rank p <0.001,
2 2707} we Abghell HlEl DXA
° 5 8] =R 5.07 [95% CI 1.14-
(HR 4.31, 95% CI 1.12-16.62, p=0.034)E
2~30)5 717 AT FRAX @ =4

flo
e
&
)
to
=
>

[

ll

& (A% HR 8.25, 95% CI 2.41-28.23, p=0.001, 3 5 #F=x)d ¢4 BE & (log-rank P <0.001)l| A
23d F4 Yol 714 =rh(HR 15.73, 95% CI 4.33-57.15, p<0.001).
F5
g vl sy md
a3Ad FH Ao 9F ZAE A &S HR (95%| P 3t 2744 HR P %k
D (95% CI)
DXA o / 2 grjeus ~59
No / Low 1.00 (reference) 1.00 (reference)
No / High 5.07 (1.14-22.55) 0.033 | 4.49 (1.03-19.50) 0.045
Yes / Low 4.31 (1.12-16.62) 0.034 | 2.52 (0.71-9.02) 0.155
Yes / High 15.73 (4.33-57.15) | <0.001 | 8.25 (2.41-28.23) 0.001
FRAX 13#d =4 &5 (>3%) 7.25 (2.14-24.50) 0.001 | 3.68 (1.06-12.74) 0.040
X6
e mdl o 2dl ] ts md 2
13E FE Ala 9F ZAHA &S HR| P gk ZHE IR (95% | P & =A% HR P
(95% CI) ch (95% CI)
o] (54 F7 ARk 2.07 0.003 1.36 0.252 1.14 0.655
(1.29-3.32) (0.80-2.28) (0.64-2.04)
=48 A (o E=E o} 5.81 <0.001 3.79 0.003 3.15 0.018
He) (2.57-13.12) (1.58-9.04) (1.21-8.17)
AR T4 1.13 <0.001 1.09 0.002 1.08 0.020
(0.1 THEF 4 ) (1.07-1.20) (1.03-1.15) (1.01-1.15)
B glgoma ~50] 1.07 <0.001 - - 1.04 0.043
(EJE Z71 F) (1.04-1.11) (1.00-1.09)
slde] CA9 (95% CI) 2 oguews Axo] dE: | 2d 10 0.80 (0.72-0.88) wd 92: 0.85
0.73 (0.63-0.83) (0.78-0.92)=

i 5% DXA 2thgs % FRAX =3ol9h S8 nad 24 ofFel digh £ grjevx x50 g A%
70|

2 gt s ~30l9 14 Frke ndA ZE 9ol 7% Tk A #w-o] YA (HR 1.07, 95 % CI
1.04-1.11, p <0.001) Zdzkol] Wiet 2 Fol= ZAusA FAET (23 = HR 1.04, 95 % CI 1.00).
-1.09, p = 0.043; & 6 Fx). ¥ grjeuxr ~zowton = udd 4 (Harrel 's C index 0.73, 95 % CI
0.63 ~ 0.83)°l tjal]l ofzke] ApEAS Hlom, o) A¥, ofd Hepd =4 of ¢ uiFE AW T M5 8
7 B8-S W s AAAE 5 oo ¥ 6old gl 21 ZE oF AxEA o], T4 A, iE
AR T A47 ngd A9gs Jepdch, S, s mdle 2 ogoeys A~5o)yh A85A] o2 4§99
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=4 A9 A5 2 S veEhd, g 2dos 2 2 507} thHE Bdlo)
ks veEbdth, wEka, 2 greus aFojrt this Bl FrhE w und 2dE A9 d5
A4 (FEE, 1.000] 7Mhe5E 22 29) 7F 0.80014 0.85(p=0.040)2 /NAE = A& o

22 Fx).

0&",5&
)
to

T 108 B owdo) wE B grjeua Axojrt B8 aFy Ge aF B 7l oA tEIFHEE £ F
8 FEFsA 24 JId=FHF, &5, 9F, dEFAE g Holx, ol ¥ 72 FrhEsA E EA
3 B#Este] 9o W wdy o HE ndE 7k 2ol 2 HlwEk ottt

gk, 3% 79 o], & grjeuls AFovt 14 EoldSE, audsd 24 (HF, &5, 4, dE=
) APETE 4% S7HEE G0 F vt BEyeus A5 ke o], auEE o, 7€ 24979
=2 ¢l o= adjusted odds ratio 1.03, 95% CI 1.01-1.06, p=0.019).
Z7
Univariate (GhHZ) Multivariable (Ch¥I)
Odds ratio 95% CI P value Odds ratio 95% CI P value
2 ggewl A~ A3 (1 1.04 1.02-1.07 <0.001 1.03 1.01-1.06 0.019
a4 S7HAD
L}o] 1.10 1.06-1.13 <0.001 1.11 1.02-1.20
=S 2.21 1.66-2.94 <0.001 1.66 0.78-3.51 0.182
=4 o]y 2.59 1.96-3.43 <0.001 3.85 1.89-7.85 <0.001
* 2
Based Parameter Formula Description
methods

Grey Level Co-occurrence Matrix (GLCM) : A Gray Level Co-occurrence Matrix (GLCM) of size NgxNg
describes the second-order joint probability function of an image region constrained by the mask and is
defined as P(i,jl&,06). The (i,j)th element of this matrix represents the number of times the
combination of levels 1 and j occur in two pixels in the image, that are separated by a distance of §
pixels along angle ©.

-

GLCM Autocorrelat L Y Autocorrelation is a
. awutocorrelation = Z Zp(z-ﬂu .
Features 1on == measure of the magnitude
of the fineness and
coarseness of texture.

Joint
Average

The mean gray level
intensity of  the I
distribution.

N, N,
joint average=p, =Y, 3 pli.j)i
i=1j=1

. ; :

Cluster cluster prominence = 3 36+ j— wu— 1) 'plid) Cluster Prominence is a
Prominence B measure of the skewness
and asymmetry of the
GLCM. A higher values
implies more asymmetry
about the mean while a
lower value indicates a
peak near the mean value
and less variation about
the mean.

Cluster clustor shado= 353 i+ 5 — wy — i, Fplins) Cluster  Shade is a

Shade =31 ’ measure of the skewness
and uniformity of the
GLCM. A higher cluster
shade implies greater
asymmetry about the
mean.
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w, ;
Cluster b ey — 3 S b g Cluster Tendency 1is a
Tendency s measure of groupings of
voxels with similar
gray—level values.
Contrast Contrast 1s a measure of

N, N,
cluster tendency = Z Z(z +3)pli.f)
i=1i=1

the local intensity
variation, favoring
values away from the
diagonal. A larger value
correlates with a
greater disparity in
intensity values among
neighboring voxels.

Correlation

2

i=1j

M

N,
P — o,
|

correlation =

6.(i)a,(j)

Correlation is a value
between 0 (uncorrelated)
and 1 (perfectly
correlated) showing the
linear dependency  of
gray level values to
their respective voxels
in the GLCM.

Difference
Average

N,—1
difference average = Z kp,— (k)
k=0

Difference Average
measures the
relationship between

occurrences of pairs
with similar intensity
values and occurrences
of pairs with differing
intensity values.

Difference
Entropy

N-1
difference entropy= Y, p,—,(Wlogy(p,— ,(k)+€)
£=0

Difference Entropy is a
measure of the
randomness/variability
in neighborhood
intensity value
differences.

Differe
nce
Varianc
e

N,—1
dif ference variance = Z (e— DA)Qp,fy(k)
k=0

Difference Variance is a
measure of heterogeneity
that places higher
weights on differing
intensity level pairs
that deviate more from
the mean.

Joint
Energy

=

N, N,
joint cntropy = Z (P(i.j'))z
i=1i=1

Energy is a measure of
homogeneous patterns in
the image. A greater
Energy implies that
there are more instances
of intensity value pairs
in the image that
neighbor each other at
higher frequencies.

Joint
Entropy

N, N,
Joint entropy=— E Zp(i.j)logi([)([.jH’ <)
i=1=1

Joint entropy 1s a
measure of the
randomness/variability
in neighborhood
intensity values.
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Informa

HXY— HXY1

This class of features

IMCl = =~ o
tional e characterizes the
Measure textures of an image /
of object by creating a new
Correla matrix GLCM based on
tion counting how often pairs
(IMC) 1 of pixels with specific
gray-level values and in
a specified spatial
relationship (distance
and direction) occur in
the image / object and
then comput ing
statistics from
GLCM.IMC1 assesses the
correlation between each
and every probability
distribution
(quantifying the
complexity of the
texture). It represents
the information of a
single distribution.
Informa | mc2 = J1— ¢ 202 =159 IMCZ2 also assesses the
tional correlation between each
Measure and every probability
of distribution
Correla (quantifying the
tion complexity of the
(IMC) 2 texture). It represents
the information of two
of the distributions.
Inverse ]ijz‘si‘ﬁlfjk) IDM is a measure of the
Differe = 1+i° local homogeneity of an
nce image. IDM weights are
Moment the inverse of  the
(IDM) Contrast weights.
Maximal MCC= Vsecond largest cigenvalue of Q The Maximal Correlation
Correla Coefficient is a measure
tion of complexity of the
Coeffic o pliplG k) texture and 0<MCC<1
. Qi)=Y S '
ient = p.)p,(R)
(MCC)
épverse ]IMHV:AEiLPITAk{ IDMN (inverse.diffejence
iffere =N moment normalized) is a
nce (Af) measure of the local
Moment homogeneity of an image.
Normal i IDMN weights are the
( zed ) inverse of the Contrast
IDMN weights.
Inverse [D:jsi‘ﬁrfﬂk) ID is another measure of
Differe iz 1tk the local homogeneity of
nce an image. With more
(ID) uniform gray levels, the
denominator will remain
low, resulting in a
higher overall value.
Inverse Hm,:jgi‘ﬁrka) IDN is another measure
Differe =% 1+(J;) of the local homogeneity
nce f of an image
Normal i
zed
(IDN)
Inverse - o ,::Aiilpzfﬁk) Inverse of the variance
. verse variance — — & .
Varianc i—o K calculated is taken
e
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Max imum rlgociaen dnaleliity i B Maximum Probability is
Probabi occurrences of the most
lity predominant pair of
neighboring intensity

values.
Sum Y verage = %fpj,kac Sum Ayeragg measures the
Average =2 7 relationship between
occurrences of pairs
with lower intensity

values and occurrences
of pairs with higher
intensity values.

Sum Y entropy= 3 b, (RNOEADs ) Sum Entropy is a sum of

Entropy g neighborhood intensity
value differences.

Sum of . s Sum of Squares or

Squares 2 Swdm_f;;;([iprm(w) Variance is a measure in

the distribution of

neigboring intensity

level pairs about the
mean intensity level in
the GLCM.

Gray Level Size Zone Matrix (GLSZM): A Gray Level Size Zone (GLSZM) quantifies gray level zones in an
image. A gray level zone is defined as a the number of connected voxels that share the same gray level
intensity. A voxel is considered connected if the distance is 1 according to the infinity norm (26-
connected region in a 3D, 8-connected region in 2D). In a gray level size zone matrix P(i,j) the
(i.j)th element equals the number of zones with gray level i and size ] appear in image.

GLSZM Small ﬁiiﬁ}%nj) SAE is a measure of the
features Area sap— izii=i i distribution of small
Emphasi : N, size  zones, with a
s (SAE) greater value indicative
of more smaller size
zones and more fine
textures.
Large ‘“‘“?}X__)Q LAE is a measure of the
Area g £l distribution of large
. LAE= Y7L . .
Emphasi N, area size zones, with a
s (LAE) greater value indicative
of more larger size
zones and more coarse
textures.
Gray N, [ i GLN measures the
Level ] ,Z%ké%f"“fﬁ variability of  gray-
Non-Uni GLN= - N level intensity values
formity in the 1image, with a
(GLN) lower value indicating
more homogeneity in
intensity values.
Gray N GLNN measures the
Level i t;%hZ%PUJ)) variability of  gray-
Non-Uni . N2 level intensity values
V2
formity in the image, with a
Normal i lower value indicating a
zed greater similarity in
(GLNN) intensity values. This
is the normalized
version of the GLN
formula.
Size-Zo \? S7ZN measures the
ne variability of size zone
Non-Uni ) volumes in the image,
formity with a lower  value
(SZN) indicating more
homogeneity in size zone
volumes.
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Size-Zo N [ ( )y SZNN measures the
ne SZVVA*'EQ’E%PEJ' variability of size zone
Non-Uni e N volumes throughout the
formity image, with a lower
Normal i value indicating more
zed homogeneity among zone
(SZNN) size volumes in the
image.  This is the
normalized version of

the SZN formula.

Zone — zp measures the
Percent Ny coarseness of the

age texture by taking the

(ZP) ratio of number of zones

and number of voxels in
the ROI.
A' N,

Gray . E:E:ﬁh Y. GLV measures the
Level i=1/= variance in gray level
Varianc intensities for the
e (GLV) zones.

Zone fjﬁ: D= ZV measures the variance
Varianc =i/ in zone size volumes for
e (ZV) the zones.

Zone I s ZE measures the

1 )+ .
Entropy 2; éz S langh, i) uncer tainty/randomness

(ZE) in the distribution of

zone sizes and gray
levels. A higher value
indicates more
heterogeneneity in the
texture patterns.

Low ii gi P.j) LGLZE measures the

Gray = & distribution of lower

LELIE— .

Level N, gray-level size zones,

Zone with a higher value
Emphasi indicating a  greater

S proportion of lower
(LGLZE) gray-level values and
size zones in the image.
1 \u ‘Nv:

High 33" Pl i HQLZE. measures the

Gray P T distribution of the
Level N, higher gray-level

Zone values, with a higher
Emphasi value indicating a

S greater proportion of
(HGLZE) higher gray-level values
and size zones in the

image.

Small i:ji (i, SALGLE measures the

Area =i F‘E proportion in the image

SALGLE= o

Low 3 N, of the joint

Gray distribution of smaller
Level size zones with lower
Emphasi gray—-level values.

S
(SALGL
E)

Small ﬁj ii}%ljﬁf SAHGLE _ measures the

Area I = 72 proportion in the image

High 2 N, of the joint

Gray distribution of smaller
Level size zones with higher
Emphasi gray-level values.
s(SAHGL

E)
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Large giji P, ﬂj LALGLE measures the
Area IArcrE— iD=t proportion in the image
Low - A@ of the joint
Gray distribution of larger
Level size zones with lower
Emphasi gray—level values.
S
(LALGL
E)
Large = LAHGLE  measures the
Z Pi.5)i% . . .
Area —— = proportion 1in the image
High - N, of the joint
Gray distribution of larger
Level size zones with higher
Emphasi gray—level values.
S
(LAHGL
E)

Gray Level Run Length Matrix (GLRLM):

A Gray Level Run Length Matrix (GLRLM) quantifies gray level

runs, which are defined as the length in number of pixels, of consecutive pixels that have the same

gray level value.

In a gray level run length matrix P(i,j|©),

the (i,j)th element describes the number

of runs with gray level i and length j occur in the image (ROI) along angle ©.

GLRLM Short 322: ¢ﬂﬁ SRE is a measure of the
features Run p— JZL: 72 distribution of short
Emphasi N, (8) run lengths, with a
s (SRE) greater value indicative
of shorter run lengths
and more fine textural

textures.

Long s LRE is a measure of the

Run I RE— E%E;}*’”ﬁ” distribution of long run
Emphasi N,(6) lengths, with a greater
s (LRE) value indicative of

longer run lengths and
more coarse structural
textures.

Gray &, [ & % GLN measures the
Level ‘.;(_J;P(‘ J‘B) similarity of gray-level
Non-Uni CLN= N.(0) intensity values in the
formity image, where a lower GLN

(GLN) value correlates with a

greater similarity in
intensity values.

Gray GLNN measures the
Level - similarity of gray-level
Non-Uni = N.(6)2 intensity values in the
formity image, where a lower
Normali GLNN  value correlates

zed with a greater
(GLNN) similarity in intensity

values. This is the
normalized version of
the GLN formula.

Run . [, % RLN measures the
Length ,Z%(Ezf“‘fm ) similarity of run
Non-Uni RLN= N0 lengths throughout the
formity image, with a lower

(RLN) value indicating more

homogeneity among run
lengths in the image.
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Run Nofay, AP RLNN measures the
Length . jZ%LZ%FM””Eﬂ similarity of run
Non-Uni L N.(6) lengths throughout the
formity image, with a lower
Normal i value indicating more

zed homogeneity among run
(RLNN) lengths in the image.

This is the normalized
version of the RLN
formula.

Run Ay Aﬁf) RP measures the
Percent N coarseness of the

age texture by taking the

(RP) ratio of number of runs

and number of voxels in
the ROI.

Gray (o fiﬁifﬂﬁﬂﬁxifyf GLV. measures the
Level == variance in gray level
Varianc intensity for the runs.

e (GLV)

Run W RV is a measure of the
Varianc V= -zxggyﬂbﬂng - variance in runs for the
e (RV) run lengths.

Run o ] RE measures the
Entropy RE= ;gLZ%pu'ﬂgnogﬂﬁu’AB}+€) uncer tainty/randomness

(RE) in the distribution of

run lengths and gray
levels. A higher value
indicates more
heterogeneity in  the
texture patterns.
Low iiii Pl jl6) LGLRE measures the
Gray . i? distribution of low
Level N, (6) gray-level values, with
Run a higher value
Emphasi indicating a  greater
S concentration  of low
(LGLRE) gray-level values in the
image.

High ﬁjiﬁfﬂaﬂﬁﬁg HQLRE. measures the

Gray HerpE— it distribution ~ of  the
Level N,(8) higher gray-level

Run values, with a higher
Emphasi value indicating a

S greater concentration of
(HGLRE) high gray-level values
in the image.
Short ijii Pi.jlo) SRLGLE measures the
Run Low SRLEEE= %2 joint distribution of
Gray N,(6) shorter run lengths with
Level lower gray-level values.
Emphasi
S
(SRLGL

E)

Short iifi}%nﬂﬁﬁz SRHGLE measures the
an sBHCIE— i i* joint distribution .of

High N,(8) shorter run lengths with

Gray higher gray-level
Level values.

Emphasi
S
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Long iifi}%ﬁﬂeyf LRLGLRE  measures the
Run Low — . = 2 joint distribution of
Gray N,(8) long run lengths with
Level lower gray-level values.
Emphasi
S
(LRLGL
E)
Long i % LRHGLRE  measures  the
Run [— z%}g%fxlﬂeh joint distribution of
High N, (6) long run lengths with
Gray higher gray-level
Level values.
Emphasi
S
(LRHGL
E)

Gray Level Dependence Matrix (GLDM)

A Gray Level Dependence Matrix (GLDM) quantifies gray level

dependencies in an image. A gray level dependency is defined as a the number of connected voxels within

distance & that are dependent on the center voxel.
considered dependent on center voxel with gray level 1 if |i-jl<a.
P(i,j) the (i,j)th element describes the number of times a voxel with gray

voxels in its neighbourhood appears in image.

A neighbouring voxel with gray level j is
In a gray level dependence matrix

level 1 with j dependent

GLDM Small i i Pi.j) A measure of the
features | Dependence e =01 i’ distribution of small
Emphasis N, dependencies, with a
(SDE) greater value indicative
of smaller dependence
and less  homogeneous
textures.
Large e A measure of the
Dependence — ,z%fgifx”’“ distribution of large
Emphasis N, dependencies, with a
(LDE) greater value indicative
of larger dependence and
more homogeneous
textures.
Gray Level X, Measures the similarity
Non-Uni formi JZ:(}:Iszﬁ of gray-level intensity
ty (GLN) GLN= . values in the image,
where a lower GLN value
correlates with a
greater similarity in
intensity values.
Dependence e Measures the similarity
Non-Uni formi - (Z%}X’fﬁ of dependence throughout
ty (DN) e © . the image, with a lower
value indicating more
homogeneity among
dependencies in the
image.
Dependence =z, Measures the similarity
Non-Uniformi Z:(E:Ithﬁ of dependence throughout
j=1\
ty A N2 the image, with a lower
Normalized value indicating more
(DNN) homogeneity among
dependencies in the
image. This i1s  the
normalized version of
the DLN formula.
Gray Level o e iigijﬂAjMif‘d? Measures the variance in
Variance == grey level in the image.
(GLV)

N, N,
wherep= 3 . ¥ ip(i.j)
i=1j=1
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Dependence Entropy =— Z Zp(i.j)logg(p(i.jHe)

N, N, . .
Dependence D= 33 pG— Measures the variance in
Variance == dependence size in the
(DV) N image.
wherop = Z Zf/’(i-j)
i=1j=1
Dependence L The randomness of GLDM.

Entropy (DE) ot Higher Dependence
Entropy implies  more
complex texture

Low Gray t i 2i.j) Measures the

Level rorE— =t i2 distribution of low
Emphasis N, gray-level values, with

(LGLE) a higher value

indicating a  greater
concentration  of low
gray-level values in the
image.

High Gray ii A;}%l 2 Measures the

Level Herp— iD= 2 distribution of the
Emphasis N, higher gray-level

(HGLE) values, with a higher

value indicating a
greater concentration of
high gray-level values
in the image.

Small ii X piLg) Measures the joint
Dependence SpLOLE— =t %2 distribution of small
Low Gray N, dependence with lower

Level gray-level values.

Emphasis
(SDLGLE)

Small s yva P(Lj)i” Measures the  joint
Dependence SDHGLE = ——x 272 J~ distribution of small
High Gray N; dependence with higher

Level gray—level values.
Emphasis

(SDHGLE)

Large ﬁiiﬁ Pi.A) SR Measures the joint
Dependence T i? distribution of large
Low Gray N, dependence with lower

Level gray-level values.

Emphasis
(LDLGLE)

Large L Measures the joint
Dependence J—— EELE%E%LJM ! distribution of large
High Gray N, dependence with higher

Level gray—level values.
Emphasis

(LDHGLE)

Neighbouring Gray Tone Difference Matrix (NGIDM): A Neighbouring Gray Tone Difference Matrix quantifies

the differ

ence between

a gray value and the average gray value of its neighbours within distance §.

NGTDM
features

Coarseness

il

Coarscness = ——————
RPN 2

Coarseness is a measure
of average difference
between the center voxel
and its neighbourhood
and is an indication of
the spatial rate of
change. A higher value
indicates a lower
spatial change rate and
a locally more uniform
texture.
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Contrast 1 = q( i ) Contrast is a measure of
Contrast= |——F——- P i— i) H . . .

e AQAAGF*ILZ%;%‘"I ! JALpE%S the spatial intensity

P change, but is also

,where ’ dependent on the overall

gray level dynamic

range. Contrast is high
when both the dynamic
range and the spatial
change rate are high,
i.e. an image with a
large range of gray
levels, with large
changes between voxels
and their neighbourhood.

Busyness iniﬁﬁf A measure of the change
Busyness = o B P from a pixel to 1its

T2 N0 i ipy neighbour. A high value

for busyness indicates a

where el pped ‘busy’ image, with

rapid changes of

intensity between pixels
and its neighbourhood.

Complexity L N psiths; An image 1is considered
Complezxity = ?V—-2:§:|i*j\———;———v complex when there are
RSl hip; many primitive
Pty ped components in the image,
where 4 i.e. the image is non-
uniform and there are
many rapid changes in
gray level intensity.
Strength £ §i0n+ivﬂi—ff Sgrength Qs.a measure of
Strength= ‘=71 _ : Fe primitives .m .an
n s image. Its value is high
when the primitives are
=0, p; =0 easily defined and
where 4 visible, 1i.e. an image
with slow change in
intensity but more large
coarse differences in
gray level intensities.
[0172] et 2 odge] AAdES B AHe d44 EAS Houx] 2F WA tE 5A3 FEE FAsE
oAk, wEhA, At A A BE WA AR M Fojas ol dAIH0 Ao 1w
Hofof gt ¥ we] Mot PrE FTF Feld Aol s Aguofor sha, B wPe] Sre W
Wl A9l BE WMAe B wnel wWelo] ATk EH, SHYTUANA BAH A% WA QA g 3
THES ARl ANE TANAY 9 T wAd oa) Mg FTFor TRY 4 At
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GLSZM 6LV (FN)
GLSZM SZN (TH)
GLSZM 6LV (TR)
)

(
(TH
(TR

GLRLM GLNN (TH

GLOW ONN (TH)

GLCM Cluster Prominence (FN)

GLCM 10MK (IT)

GLSZM SAHALE (TH)

GLCM Cluster Prominence (TH)

GLCM 10MN (FN)

GLOM INCT (TH)

GLCM INC1 (FN)

GLALW Fun Entropy (FN)
(

GLALM Run Entropy (TH)
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Relative feature importance
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with out hip fracture
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Higher in individuals who
sustained hip fracture

GLALN Run Entropy {TH) =S _
ap—— ==t
GLOM 10N (1T) 'g ' Higher walue: more homogenaity in
GLal 10 (EN) E—— local intensity values
GLCM Cluster Prominence (TH) s Higher value: more skewness and
) — asymmetry of GLCM, more
GL.CM Cluster Prominence (FN) — heterogeneous texture pattern
BLSZM SHGLE (TH) ===
GLSZM 6LV (FN) =
GLSZM S2N (TH) =55
GLOM DN (TH) B
ASMGN (R = i henstty valves
BLRLM GLAN {TH) . —E Lﬂg;sgatilusé‘gxater similarity in
GLCM [MCT (FN) ._% Lower value: more heterogeneity
6L NGt (TH) ,_H“_ in texture patterns

03 02 04 00 0.1 02 03
Normalized mean difference [fractured min us non~fractured] (95% 1)

— Development cohort (n=433)
2 Validation cohort (n=220)
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p<0.01 for all

Incident fractures(%)
20

10

L R

Bone radiomics score  Low

Righ

Hip fracture [ MWajor osteoporotic fracture(spine,wrist,hip,upper arm)}
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