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Abstract

BACKGROUND: The diagnosis of lumbar disc degeneration is of great significance for the prevention of lumbar disease, and the diagnosis of lumbar disc
degeneration mainly relies on the subjective evaluation of the imaging physician, which is likely to misjudge because of insufficient experience.

OBJECTIVE: To propose a computer-aided diagnosis technique for classification on the lumbar disc degeneration, and to provide reference for imaging doctors.
METHODS: Spearman correlation analysis is used to verify the correlation between magnetic resonance imaging metabolic indices of lumbar intervertebral disc
and the Pfirrmann grades of lumbar disc degeneration. Several classifiers for the intelligent diagnosis of lumbar disc degeneration are developed by means of
machine learning strategies such as the Softmax regression, the neural network and the support vector machine.

RESULTS AND CONCLUSSION: The result of correlation analysis showed that three metabolic indices such as fat fraction (FF) of adjacent upper and lower
vertebral bodies of degenerative disc, T2* values were significantly correlated with lumbar disc degeneration. The classification accuracy of the softmax
regression, the neural network and the support vector machine respectively was 0.477, 0.515 and 0.523, and kappa’s coefficient of these three diagnostic
models was 0.311, 0.300 and 0.330, respectively. The actual analysis indicates that it is feasible to establish a computer-aided intelligent diagnosis of lumbar
disc degeneration by using the MRI metabolic indices, showing a promising approach for the diagnosis of lumbar disc degeneration.

Key words: bone; lumbar disc degeneration; MRI; Pfirrmann level; Spearman correlation analysis; softmax regression; neural network; support vector machine;

metabolic indices
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IR TE AR RN 5. BT 3 PR R AR 1Y) Spearman AH5G
BB | | BT 2575/VN-1=0.1515 , [FIE 3 FhAEAAR
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WHEARI 5IRAR G R E ARG, T DAVE S Tl JEAfE ] 5% 18 AR
Pfirrmann £ 2% ({IHFE

22 SEREWMEE AT RRSEIRE, MNNHRERILE
e—ANFEA x =(0.048 9,0.122 3, 0.499 5)', 435 FH Il 4 1F- ()
softmax [A] )3, BP #f1 £ W 4% F1 3 ¥ [ B AL/ 2 B 5T A A it
{755,

Softmax [B 373 2K & F IS H0I 4h 45 R oN: 608693,
-13648, -1.0251, 10621), 6,=(0.0462, 00448, -0.0025, 06248),
6,5(-03617, 02392, -04452), 6,=(-05521, 09356, 0.8041,
-12480)", 4 x =(1, x ) fe\ (4) ST 45 f,(x)=(05848, 02506,
01023, 00623),, A WLEEAIRARZEZ N [ MERER, K,
Softmax [F KA T A T B4R,

BP #f & W 4% 4 K 8 b 1 = Bl Sk 45 BN

16.8523, -20.3909, -15.6084, 24.9419, 6.9796, -11.2894, 1.8565
v =-53685, -9.5393, 9.6685, —4.9326, 22.1378, -12.0803, -1.8261
-13.229, -33.4812, 13.1416, 27.0428, -13.7141, 24.0547, 8.3939

¥ =(1.701, -26.1732, -0.4857, 18.8587, 10.7623, 7.3252, 0.7314),

-5.4188, -7.092, 10.4405, -8.413, -1.4817, 23471, -0.6862

. |~4.2835, 66706, 2.6945, 86116, 2.7925, -1.6012, -5.8655
@W=17.9404, -14.6531, 144151, -15.3451, -9.8975, -1.8072, 2.9902

-1.002, 9.4047, -2.9127, 84092, 4.4475, —6.8365, -6.5746

6=(1.765 1, 54754, 43314, 4057), K FEA x RN (6) A4S ,
fs)=(0.954 3, 0.0391, 0.0294, O),  [K| . BP F1£% WX 4% 43 2K 5L94.1%
FEATII g 1 B4R .

F one-against-one J5iE I ZR 1 6 /N Fr Al AL 25 0%
SRS ISR SN SARNNE SN up 0 /NS OE TR L D
N 1.0776, 1.6347, 1.1163, -0.1663, 0.9513, 1.5253,

K SCHF ) ML H e 480 5 B B Y 6 A sigmoid BRI %
MZHE AN B, W 2,

#2 | % sigmoid REHSH

Table 2 | Parameters of each sigmoid function

sme Y sie Y s Y s Y

SR JRI R
PlZ P13 P14 PZ3 PZA P34
A 18535 20324 194238 18222 17602 13165
B -02631  -0.1424 02378 -00919 00431 00321
S Kl N9 Y
WA LR &N, X2 KSHAAN (10)

= Al 14 P,=0.85, P,,=0.960 1, P,,=0.917 3, P,,=0.402 5,
P,,=0.847 8, P,,=0.884 9 . I MR #=\ (12) W H A )E T
[N G M= 500 . P=(1] x )=0.455, P=(2| x )=
0.233, P=(3| x )=0.254, P=(4| x )=0.058. W WLFEAJET 5
— R G IR R, DRI SRR ) AL 23 28 T 2% A )
BAEARET 1 S0EA.

23 X KP4 Softmax [T, BP #1450 45 Fll 3 ) &AL
I3 Ao AN 130 AR AR AT 2> KI5 15 2] KRR,
W3 3-5 Fior. 20l B 7 R A M HERI 2. kappa R
. “CEAAE” (macro-R).  “EAMER” (macro-P) fl
F,” (macro-F,). JHEAff %6 R L T 15 6 (1) AR £ Lb U 4 8
FEARKUIME, kappa FH0E SR A & 73 95 25 T 45 5 R0 52 b
AR —BERENR, TEAXW T



pO_pe

kappa = 1, (13)

e

Horh Py NIEWE, PRI — 8K, RS
M SEREARE A ay , -y a5 TR RE A % 5 51
by, +» b, KFEAKC N, W p=Y, a*b/n . Kappa %
HOE T RTE (-1, 1), fERE S F v . A,
$4 5 40 A I L 25 AR 4D R 4 A BOIRIBRERE (R 6), 2

# 3 | Softmax HYI45r A ERAVMHLER
Table 3 | Output of Softmax classifier

PSR TR 52K At
1% 1 JIIEZ Ve

14 32 12 0 0 44

1§23 18 21 0 2 41

11E23 8 11 0 3 22

V& 1 13 0 9 23

it 59 57 0 14 130

R4 | MEME S FFMIHER

Table 4 | Output of neural network classifier

IER 74 TR A% it
1% 1% % V&

14 29 14 1 0 44

124 14 22 2 3 41

I1E23 8 5 22

Ik 3 5 11 23

et 54 48 13 15 130

®5 | IBEEBNDLFNHHER

Table 5 | Output of support vector machine classifier

FLARAR TR 52K it
1% 1 JIIEE V&g

T4 31 11 2 0 44

1§23 16 19 2 41

11643 8 5 6 3 22

V& 1 5 5 12 23

it 56 40 15 19 130

*6 | FRISABRNFRIVRIBEN

Table 6 | Confusion matrices of various levels in different classifiers

SRR FS T T IS TR 5
FH(THNIESR) (THNIES) (MFNIER) (VHENIER)
E2 ;2% IEHR M EHR K IER K
Softmax [A]JH 1F2 32 12 21 20 0 22 9 14
i 27 59 36 53 0 108 5 102
#it 59 71 57 73 0 130 14 116
WML S 29 15 22 19 5 17 1 12
% 25 61 26 63 8 100 4 103
& 54 76 48 82 13 117 15 115
XHFERENL IERE 31 13 19 22 6 16 12 1
1% 25 61 21 68 9 99 7 100
&t 56 74 40 90 15 115 19 111

LT - IVGORIES, HAthHS, Wit 4 AR BRI
B4 R-R,, VAR AHER P-P,. 4% IE K IREA B iR
TH T R, 7 1 2 T Ay TE 2 B AR R A T 2R
MR, ZEERAN 4 MEERMEESRNIME, ZEfER
N AABEAERLIE, FF3] macro-F, A:

macro-F, = 2 X macro-P X macro-R (14)

macro-P + macro-R

Bl 1 | HERBERE 5 0N
2

Figure 1 | Measurement
of vertebral body fat
fraction

2 | FEMEEIE T2* B
ME

Figure 2 | Measurement
of T2* value of lumbar
intervertebral disc

H4l
=\ E -
R % 5

| softmax_L151.m 32| BP_L1STm 3 | svmlib_L1S1.m 3 | SVM_plattm | softmax_cost_grad.m n
1o ele
2-  clear
3 - data train=xlsread('E: \BLEZI\FHBHIS. <157, 13— 161151 (31FE) 7 42:D261°) ; sl
4 - data_test=xlsread(E \YLEFINIEFEG . x1s°, 17— HL151 GAER) °, F2:1131°) ; STUHE
5 -  label =data_train(:.1)
6 —  X=[ones(length(label), 1), data_train(:,2:4)]
—  label_test = data_test(:;,1):
8 — X test = [ones(length(label_test),1),data_test(:,2:4)1; % AEMAHIE
9 - lanbda = 0.004; % MERHEHVeight decay parancter
10 — alpha = 0.05; % FIEE
11— MAX_TTR=1000; % SAMAE
12 —  [theta test_pre rate] = mysoftmax_gd (¥_test,X, label, lanbda, alpha, MAX_ITR)
13— index_t = find(label_test==test_pre): % HA M EREIEERITE
14 —  rate_test = length(index_t)/length(label_test)h WERIIEE

18]
3 | MBFIRE

Figure 3 | Interface of machine learning
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2.3.1 Softmax [FIHJAER MAREH 1 - VHIBFEA
Sy 44, 41, 22, 23, HF 3 A4 Softmax [A] )T 43 2
a1 - IVIB S0 0 R E# AR Ay A 32, 21, O,

94, 4R IERIZE N 0.477, P.=(44x59+41x57+22x0+23x14)/
130’=0.311, kappa £ %4 0.311, 1K 6 i+ HIBAEHK [ - IV
M) TR ¥ FE B I 2 4 2643 i) Oh 0.727(32/44), 0.512(21/41),

0(0/22), 0.391(9/23), & #E X 4> %l A 0.542(32/59),

0.368(21/57), 0(0/0), 0.643(9/14). HY ¥ 473 | macro-R Jy
0.408, macro-P 3y 0.388, macro-F, 4 0.398., M 1 - [VZZig
BHRER P 2R RKE, 7 RIBERRE T HHIFEARR
RN Z, GRS T RAEA RN, TR IV i AR
BIROREE, EREAFHITZORBREA

232 FIEMZEREER MR A TH, MRS HKAE
P T = IVIBAR S0 50 0 IR AR KA 29, 22, 5, 11
AN, 4y K IE iR Py 4 0.515, P.= (44x54+41x48+22x13+23x
15)/130°=0.294, kappa R ¥~ 0.3, BAFZLY [ - VIR
4 B TR 42 2R /35 0.659(29/44), 0.537(22/41), 0.227(5/22),
0.478(11/23), % #E % 4 5| 4 0.537(29/54), 0.458(22/48),

0.385(5/13), 0.733(11/15), HXF 3415 F| macro-R 24 0.475,

macro-P J& 0.528, macro-F, jj 0.5, 145 /X 4% 73 25 38 %t 5% 2
IBAFEARI RS R N EEUR AN T % % VAL
233 LRFMIEAL ARG R B3R5 ATH, PR L KR
X1 = IVIBARSE 4 5y JSIE#A I FE A S 36 31, 19, 6, 124,
4% 25 0F 1 2 P, N 0.523, P.=(44x56+41x40+22x15+23x19)/
130°=0.288, kappa Z ¥4 0.33., B4 % | - VHIREE
B [ 75 4 2 435 4 0.705(31/44), 0.463(19/41), 0.273(6/22),

0.522(12/23), 7 #E % 4y 5l A 0.554(31/56), 0.475(19/40),

0.4(6/15), 0.632(12/19). H¥ °F #J 5 F| macro-R Jy 0.491,

macro-P 34 0.515, macro-F, 4 0.503, 3 3 ] B #1145 2K e %)
FOIRABFEAR PR NS BN 08 T 9% IV, 1140/
k.

3 1Jif Discussion

BIAS R, SRR AL 828 WX 25 S5 70 5 T A4 i
P2 A S 2N B RS B3 k. R
secf, AREESE gk N R IE T M R RIS R L 3
MoTiEEE T 2 RS S T 4 EHpE RIS Wi,
8 5[] V3 R S R ) LA TR AR AR AT W ) 4 BRI, (HIAN
MAEMEZRREN SRS ESE Mz — et ett. ik
ot O o P I A (] VA 0] 45 LIRS ) 4 b LIS bR S HEAT 2
BT, 455 R BLE AR [0 U3 66 R i 2 12 W () OB B AR 2
AT DL R R A Sy — i ] B S 7 VR AR B 12 W AR i 4H
MR S, SREGAE I Softmax [A1 U2 logistic [A1)3
TEZ SRS HNY R, BEXHRAE T HPR 22 3 Miisy
R, (EXTTIZOR AR FEA R S B R B, Wi 2R
Jy Softmax [ VTR & 4 BEEUAR,  TCVEAR I HA B 2 DA
B B LE B — o AP 4% 2 38 & AL R AR 2R 14 o) B L
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T ITTE, T @ NRFEF i A R R R PR &
MANI-VARNOSFADERANI % 12 3 - 8 I B 240 23 (R0 40 okt 7 57,
TR i IR R A 2 RN 2%, o T T 00 285 T B 4 P B R )
B A T AR U R ST A R I, B T T
WA —ERGRE . SLUG 7 (AR 48 I 265 LL Softmax [B] 36 3 &
e R, FEAe%R, FEMERMNEFIE, HS5RFnE
MU BRI ER, (E 4 g S — AN 2K 88wl ] LA
SELEAr I, IR SIS SRR AL R L A
Gy, IR YIRS ) RIS B 5 2 FE IR Y FE SRR, 4ol
LWL LSRR ENLE AR . Aoh, AR R
B/ANFEA, g 7S SRR, T SRR AL — R AR BE A Rk
BEREA /NI LR 45 S 1) /L) J79 . SONG 25 100 i g R
JF R T BE RS (19 25 0 AR 8 A N T A P 2 v 1 SR 1)
HALN ISR, RE RSN T BERE AT LS W b T I R
WANG 25 ™ R7 I 37 3 ) LG PR 40 28, ROLE G R AA
AU A 22 S B B S 2 W AR . IR SIS 1 3 ol
o3 2% SRR R AL 2 R AER . macro-R Al macro-F, i
e DRI R SR ) AL T A i) 8% P A i 4 2
R AEAS R

AR B AT O 5 5% T R () 450 18 A8 25 2 1 S ML D
WAL, 85 Ik S A AR A AR A g S E (]
BB ARSI RN ], X SR 7K 22 B J T T ME ) 2 () P
4 " {F 3t 47, 15 W1 CASTRO-MATEOS %4 " H one-against-all
FEWE K Adaboost 53k N T JBEME (] 4% B AE, B 3R
Pfirrmann [ & 144, %%, VAV REEAR, B3] 7 A
SRR (AR T one-against-all Sl , A TE Il 234K
RURT TR B 4 2R, R SR KAt M JZ A,
PEUR S 5648 I ) Softmax [B] ISR BP #HE & A F. 4,
iR 3 Pfirrmann 2825w T 2008 78 X 5998 T A K BLi8 T
HEKENL R T JOB TR T2, MR
BEIR, FET AR FR R LA 3 RS WA T H % A r)
B 1T GORBFEARF B SR EE, (H2 X HoAh IR A 55 R A 1)
WRBCR— M. HE & PN MIBIN T BB ik, %
T REAE ) £ UG REAE B 20K FEAE (A BH IR BSR4 ], K
W B 2 0 I ME (8] 53R A2 1Y) Pfirrmann 54 73 2. IR LR Ad
FHAL FYE N 75 332 AT [ Pfirrmann FRdE,  7E 3 7 B HE
() SR AR SR N B n SE k. 2 REFCR I, R (] 4 T2* (E
55 Pfirrmann 252 5 GuR196 Y, IR 7R IR S B A BIRIESE .
2l 2% 2 i) B mDIXON-Quant 7 A I & 4 i 2R B 86 i
J5 5K FF AR, K36 R B0 EAL. AT MERAR AR I 2 BE 8 7E R
Pfirrmann 2524 (8] 5 B & M2 5, SZIRZ4 R Spearman #2564y
P33 b RALAERAR B > BUE 5 Pfirrmann 55402 2 3 A
KW Gk Gt AT, AEF R HE R B AR AT R
AEHEAA B I 0 BB A T2* {8 3 ST A 18] 45 3B A8 1 S ML AR Bhis
W A2 A R

SI 56 BF 7 T AR U 2H 2 00 R A ) B R AR T H S LA Bh s
Wi, it 390 ANFEAME AL FE AR AT IIAE, I0HE T HE]



A AR A AR I 2 SRR T2* (%% 3 A AL AR Uit 4R AR
5 Ak () BB AR BB A O, R MSSS 7 A 390 AN
BRI 5 VN GRREARSEFIARE AL, ORAIE T IR AR AT
AL —8E; ET 260 MNGFEARSL T Softmax [A]
. FR MG FR NS 3 R 2Ras, IRENNRRE AL
AT SRR L. 45 IR R I, SRA MRIAR SR bR i
SLJEME AR AR IS W 7 KA R TTAT YR . IR SRR PR T —
Tl ) A 1) SR A S W v LA Bh v, EAR RS —
W,

Bt AAFA R E LOAE IR E F R EAHARE VAR R
BABNCE ALY IR B,

TEHTHR: RSB Akt T 2 I080t, SR FERAImLT, &£
WipfEhamer, FAKEA T ZFAEW, TWMARK, BRI
PR AR

ZEIE: ZXFELT “BEL AT RAA (2019Y31010067)
BEHHWONERH 8 H A4 (18Y021) ¢F8h. PiAtEL Ao, 4%
TH A e I T E AT B AR B R G %t A AL ARE .

FIEMZE: L Fe3EH A, ERAARTALFHRE ST R
B R,

E{Ee: 4R ETEREFHAHEEN S (FAHREH S
REREZHFHES L EORFEL) .

WEEE: LFHRITOETH LR35 Lakien 4 %473k E
%,

NEINE: XFLDFATINFERRGINT, RATFBOAAD X FH
SHREAEFEE.

TER: LFHRAT R E CH AR EZERAALE T st L
e

FFBGRENERR: X 2 —BFSGRIR I FE, RIE (Frifdk THTHL0)
“Fl - W LHAER - MR 5 KL F 407 Fo3, ESEIIANKFLT,
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