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Table 1 Sample information of horizontal
section of articular cartilage
sl FER HEY P R I B
H5  RET /pm /A
Y1 1 50~800 16
2 50~700 14
OA-3M Y2 3 100~1 050 20
4 100 1
Y3 5 50~550 11
6 50~700 14
Y4 7 50~950 19
8 50~950 19
OA-TM Y5 9 50~900 18
Y6 10 50~700 14
11 100 1
Y7 12 50~850 17
13 50~1 050 21
14 50~600 12
fek Y8 15 50~450 9
16 50 1
17 50 1
Y9 18 50~500 10
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Fig. 1 The near-infrared average spectra of healthy and multi-stage OA tissues at SZ(a), TZ(b), DZ(c), respectively
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Fig. 2 The absorbance ratios of the 4 610 to 4 898 cm™' band (a), the complex to 4 898 cm™' band (b) . the complex to 4 610
em™! band (¢) of healthy and multi-stage OA tissues at different depths (SZ, TZ., DZ) . respectively
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Fig. 3 The scatter plots of the first 3 principal factors on the SZ NIR spectra of healthy and OA
tissues with preprocess of BC(a), 1*-2-21SG (b) and 2™-3-25SG (c¢) , respectively
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MO KRIM, 4 2-3-255G WAL I A PCA J5 MAEA £ H FIR
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Vi B3 BT AL 30 AT DL AT b X A AN W] 28 A 25 . AL B
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DZ i 3 A~ EH 71 B sTmk 2 ¥t 85% , HEEE H T4
FOSG I, FEAS A IE AR R 3 BT, B DUAS BIF 5% 3 B [ 1 Hi
5 A F U F (BRI TTEk R it 9020)ii4T FDA b ¥ .

%2 M it E A AR BE A 19 NIR Y63 (SZ 20 fr. TZ 21
F. DZ 173 F) 4 BC, 1-2-21SG, 2"-3-25SG £ 3 F A [a] 1
AL PCA-FDA By H 5255 . w] 43 B AS [a] ) i 4k 34 07 vk %
KRBT, AR 2 H, SZ 1 NIR GG Z BC HiL
HE S B b 28 60 A0 38 SCZE 60 Y 1 1 IR B0 R 4300 S 8024 AN
50%; £ 17-2-21SG WAk #5940 b 52 151 0 58 S 81 1) I
WU 5 2 95 % A 90045 48 27'-3-258G T AL # )5 1 ) 4R
091 R A8 S B B E A AR 00 3R 4y i 8506 R 7006 . FEREA
TZ ¥ i) NIR ¢ 4 19-2-21SG T Ak B /5 1E # 7 51 %
85. 706 (K UG ZE B AN 85. 7% (38 H.IGUE ) . 4 BC il kb ¥
J5 BIH) B 200 TE AR AR R Sl 76. 2% 1 AE LI AIE B IF A 3R )
N T AN, 4 2™-3-258G TAL B 14 i 5 ) Fn 58 LS A
B IE W LB HE 4 R 76. 206 1 42. 9% . FEREA DZ H i) NIR
T 28 17-2-21SG FUAL 3G B9 #0545 R el IE 8 U 3 0
XA 73. 8% (RIBR S B AN 71. 8% (S8 T RAE R B, BC, 2~
3-258G MR B ZBEAR . ) 4g 28 00 Y d s 1 TR 3 A Ik
3 71.3%.,

R2 BEMBFTHEARE NIR EETE
T4k 32 /2 By Fisher ¥ 5 5 R
Table 2 Fisher discrimination of healthy and OA tissues with

different pretreatment methods of NIR spectroscopy

suwms SR A R
BC 80 76. 2 71.3
(IR GESY 15-2-21SG 95 85. 7 73.8
214-3-255G 85 76. 2 55. 7
BC 50 71.4 67.2
A& SUBGHIE 151-2-21SG 90 85. 7 71.8
214-3-258G 70 42.9 54.0

25 ETR . [ —B0CR 4 KB NIR Y28 3 F A ] #i 4k 2
J& » PCA-FDA [ 4] I 2 ) A1 38 L6 9IF 28 9] 1 1F 1 i3] 36 1
JEZ 17-2-21SG WiAb # 5 09 H 5 45 SR e b . Hoeb SZ iR )
REGIK 95 % (W IR D A 90% (L HIRIER MDD . 1 Sk
50 pm IR BE 10 RE S L6 ) 4 58 49 R A8 SUBGIE Hh 35 Bk 1 4 30 4kt e
A, 50 T TR AT R R 3% 0 3 5 AR 43 0T R B B () AR
b 35 BB 100 pom IR BE 04 B 2 7E 38 S5 IE P g iR ) B fgk
FREAL, TTRESE T AE OA SRR vh i 3607 I oK #1880 B2 45
FHOR A, AT S5 UL R A — B S 506 0L 3 AT LR
U T R SR AR RS . AR A 0 f E R0 A8 YRR AR, AT 3R 3] R

X 435 3 TG /E 15-2-21SG i &b B Ay ) ) 45 5, Al
B, REXMAGERETLERX, BRTHRZX,

F 32 SZ, TZ f1 DZ By NIR SR & 1-2-218G i
AP JE PCA-FDA B F MM IR 45 . Wilk’s Lambda J& 41
7 7 F5 ST BB R 0 ) 1. Wilk’s Lambda i
%, PRI 22 57 kb KT, sig N B MK E BRI
sig. fH/NTF 0.05, BLIAeRECH 5 0 F . I3 3 A, TZ DZ
Hosig. ME B SR BB /NT 0.05, {H Wilk’s lambda 19 & % K
(0.366, 0.772), KEMWEFAHE . it DZ /132 H R 55,
f1 SZ th Wilk’ s lambda (0. 345) F sig. (0. 006) A %1. SZ f
NIR S8 $d 28 1°-2-21SG b B %ot felt B 0975 A% 20 2L #Y) 43
FKEARAT A HEARE 1 . MR AR ST 2T, OA e B
T A LT AR 43 A i AR A B B B 0 I B R SZ, 2
5 O Z B X, 5 ARG 45 R0 R — 3. Bk —
IR HE SZ MFEARFEIT A By Bty OA 43 B H 51

®3 Sz, TZ # DZ § NIR & ##E & 1-2-21SG 5 H
PCA-FDA EZ K IE 4 R
Table 3 PCA-FDA significant test results of NIR spectral data
at SZ. TZ and DZ with preprocess of 1*-2-21SG

21 51 F 78 PC/A Wilk’s lambda sig.
SZ 5 0. 345 0. 006
TZ 5 0. 366 0. 005
DZ ) 0.772 0. 000

2.3 OA %I PCA-FDA

A Z 1 OA 8 NIR S5 (9 U1l 25 4 10 48 19
PCA-FDA #5533 4 Fros. Il 25 0] 16 £ B3R 51 R
93. 8% H1 3¢ X B iiF R B Z o 87.5% 5 T 4 (1 i B K R
87.5% , Hrb LA OA-TM 4L KEAS 2 75 955 45 2 g 745 i) 141
T IEFIRH . OA-3M 41t 29 IEH R 3 i As ke A, B
JE OABM4lp Y3 /Y 5 518, 50 pm IR BE M REA Y] B (T
M) B B OA-TM 4, H LR A I Al B2 . £E OA
R, BTAMEZES, BAE S Y3 R BIZ AL I B
M. SBORA 759 46 2 00 A 38 LR B IR 3 H, A5 W
—REARPAR TN (6 SYIHIEEE R 50 pm) . EFEARKTFAE, B
Tl 7% Sy %t

SET UL SR, 0 SN 5 i I 2 AR B Y iR SR B
RO OA S0 14307 . & BLUI 2 58 (9 40 46 22 51 1E B IR 0 R R
100% « 38 SUHHIE 1E B iR 50 32 93. 3 %6 . I 48 A 1 B 38
Bl 8T.5%, Hewm TSR R R M. RN SR 38 XL
TEH A2 OA-3M 4] Y2 K 3 S ¥ 8L, 100 pm ¥R Y
IR BRI B AL, ARG AT OA 4325 Frh, ik
AR PR A, HIRAM A TTREE : BT ACL TR 3
A, AT OA MRS . T 3 58 43 I K BT
BRI Ak . TR 4 gkt BRE 4L AN OA-TM 20 B A J2 75 95 78 J% o5 725 43
W4 FBWEE BRI . OA-3M 4t 4 1 1F 5 32 50 H 05 728 kE
A, FEEE OA-SM W Y3 1y 5 5 Y1k 50 pm R M Y) A
FEAR R A ] OA-TM 4.,
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x4 ERFSH OAHE NIR &ML EMTNE R PCA-FDA(SZ, TZ, DZ)
Table 4 PCA-FDA of NIR spectral training and prediction sets of
healthy and multi-stage OA cartilage (SZ, TZ, DZ)
, - GRS 28 XA 51 4 PRI/ %
#51 it ickhs - . T
fe B 4L OA-3M OA-TM filt e H OA-3M OA-TM EpE ] & LB IE
fil HE2H 6 6 6
M OA-3M 5 4 1 1 3 1 93.8 87.5
OA-TM 5 5 5
filt FiE 21 3 3
SURIES OA-3M 2 1 1 87.5
OA-TM 3 3

KA 17-2-218G 9 NIR &l Wisk 8 )y i 45 4 PCA-FDA 4 1-2-21SG WAk #J5 7€ SZ (950 31 45 B AR, %0 4 2 61
BE A 20 B NIR Sk iy 70 08 - IF BEELHER Xt OA #Y A8 35 UE 28 491 11 12 59 % 43 0 3k 2 956 F 90005 7E OA 431
A IEAT IR . A5 ST OA RIS A AT 0 9T, A YOGS Rrh . BB ) B 22 0] IE A U500k 10006, S H. B
ERA M ) OA S HEATHIIE, &8 KA R, 25 HEIE AU A 93,306, BN A MR B 87. 5%, R
B AR T 4 T SR NIR Sl i 19-2-21SG Bihb B 45 & PCA-FDA ReA M il 3%

NTR St 3% i 73 7 20, 50 7 o 26 ) O 9 0| 2 5 2 2R

34 28 FHREMERT LS OA BN Rk I 2B 4T 0 50, A BE TS A 205k

BT OA 19 NIR Wi 202/ 151, D9 OA 1921 5L 2

R FINIR £ R 25 & PCA-FDA J5 ¥ X L A% R {d B A WO 482 (3t — b e R T A 22 5 ik, X SRR OA MBESE . B
AT OA BEAT AT 58 . 1240 48 3 BC, 17-2-21SG MW BAEEE L,
2"-3-258G =l A [a] T 4b B J5 1 % FDA 25 R #9500 . % B
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NIR Spectroscopic Study and Staging Diagnosis of Osteoarthritic Articular
Cartilage

FU Juan-juan, MA Dan-ying, TANG Jin-lan, BAO Yi-lin, ZHAO Yuan, SHANG Lin-wei, YIN Jian-hua”

Department of Biomedical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract  Osteoarthritis (OA) is a major medical disease that threatens the middle-aged and aged people’s public health and
quality of life. The early lesions of OA are mainly shown in the content changes of extracellular matrix components, which are
difficult to detect by patients themselves, even the existing clinical and experimental methods. In recent years, Fourier transform
near-infrared (FTNIR) spectroscopy has been used for the field of surgical navigation, non-destructive testing and various
disease diagnoses due to its fast speed, low cost, ease of penetrating tissue to obtain spectral information, etc. Based on the
above advantages, FTNIR technology was used to collect and analyze NIR spectra of healthy and multi-period OA articular
cartilage at different depth zones (superficial zone, transitional zone and deep zone) in this paper. Then, principal component
analysis (PCA) and Fisher discrimination algorithm (FDA) were combined for studying the influence of different preprocessing
methods on discrimination results, the changes of matrix composition at different zones, and the diagnosis of multi-period OA.
Compared to other two preprocessing methods (baseline correction, second-derivative cubic polynomials 25-point Savitzky-Golay
smoothing) at same zone. the preprocessing of first-derivative quadratic polynomials 21-point Savitzky-Golay smoothing shows
the best discrimination results, and the recognition rates at the superficial zone are as high as 95% and 90% for initial case and
cross validation case, respectively. The discrimination results at the superficial zone are better than those at the transitional
zone, and far better than those at the deep zone, which proves that the early lesions in OA mainly occurs at superficial zone. In
the multi-period OA recognition, the recognition rates of initial case, cross-validation and prediction sets through optimized data
by the FDA model are 100% , 93. 3%, and 87. 5%, respectively. The results indicate that the first derivative pretreatment of the
NIR spectra combined with the PCA-FDA method can effectively identify whether the articular cartilage is diseased and which
period it is, which is of great significance in study of monitoring OA and early diagnosis. NIR technology with the appropriate

spectral analysis method can be applied to the in situ staging and early clinical diagnosis of OA.

Keywords Osteoarthritis; NIR spectra; Derivative preprocessing; Principal component analysis; Fisher discrimination; Stage

diagnosis
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