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Three —dimensional visualization of lumbar facet joint degeneration by using synchrotron radiation—
based propagation phase contrast micro—tomography/LUO Zixiang, HU Jianzhong, LU Hongbin, et al/
Chinese Journal of Spine and Spinal Cord, 2018, 28(4): 353-359

[Abstract] Objectives: To investigate the three—dimensional morphology of lumbar facet joint(LF]) in rats us-
ing synchrotron radiation—based propagation phase contrast micro—tomography (SR-PPCT), and to discover the
potential mechanism of lumbar zygapophysial joint pain. Methods: 14/5 LFJs were harvested from healthy SD
rats of young and aging group respectively. The specimens were scanned by SR—PPCT at BL13W1 of Shang-
hai Synchrotron Radiation Facility(SSRF) in China. The three—dimensional visualization images of LFJs were
reconstructed by VG Studio Max for further analysis. Independent sample ¢ test was used to compare the dif-
ferences of LF] cartilage, subchondral bone plate, cancellous bone and joint space between two groups of rats.
Results: The joint space, cartilage thickness, cartilage volume, subchondral bone plate thickness, subchondral
bone(BV/TV), (BS/TV) and cancellous bone(TbN) of young group’s LFJs were 38.00+4.50pm, 15.6+0.63wm,
(51.25£1.49)x10*wm’, 16.37+1.23pum, (60+5)%, 180+20mm™~, 6.85+0.31mm™ respectively. The data LFJs of ag-
ing group were 16.25+0.85pum, 18.90+2.14pm, (37.00+1.83)x10*wm?, 72.48+3.14pum, (87+4)%, 0.97+0.08mm™",
2.07+0.21mm™. Compared with the young group, the LFJs of aging group’s joint space was narrowed, the car

tilage volume was decreased, the subchondral bone plate became thicker, the void-like structure gradually
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disappeared, and the number of trabecular bone in the subchondral was decreased. Conclusions: Synchrotron

radiation phase contrast imaging enables the simultaneous visualization of both cartilage and subchondral bone

with high precision. During LF] degeneration,

subchondral bone changes appear in parallel to the cartilage

degeneration, and the changes in one component (cartilage or subchondral bone) cause adaptive changes.

[Key words]

Synchrotron radiation;
visualization
[Author’s address]
410008, China

3 (low back pain,LBP) i % UL Jp P J2: 2
ME/INETT (lumbar facet joint, LFJ)iRAE!, Mimura
SEPHA N IR AR B LF) B 28 Ky s e R AR B
T EMEAAR, BEZ A 1 g B~ A8 Ak S A 75
IN3E B T LBP ., Hh AT IR AR S A% v LT G2 4
WHCE | Bl T B R U R i A LBP A A
R HEAEILE =S AT, #4 LBP BRI
HUXE LA B SR RCR 2516 R I2 B AR Y7l R
IRCEZ 108

XF LEJ BG4S ¥ AT 0F 58 06 DAk 22 10 B AE /)N
K7 (aging lumbar facet joint, ALFJ) %) 1 45 #4 A8
PORAT B T BA T — 28 T X — i B fe . H AT
X LR BT 5 B e e U] et L
Bt G 55 (CT MRI) R Z 1 A2 5E K
B LF) 7EiB 8 B B 28k A B FARE R B Y
ARAEB AH AL B BROR T /NG 1 58 B
I HL 2 PE Bl 41 245 K 54451 2K 100 A7 A2 T 5 = FR- A
1 % ¢ (%) 3% 12 2% T BE (CT MRI) i LA IX 43 LFJ $&
TR0 RO iR T 445 R T TG 12 0 20 402 2 SR R A A
FOEEE PRI FRATT 7 2 — Tl B R S LA A T 45 UL
FEREE T 52 B LF) =4RIE S 45/ ik ot 3Bt

i % PR (Shanghai Synchrotron Radiation
Facility ,SSRF) 15 5 A 0k — (1% 585 =4 [F] 20 5 2
P R ST R AT A A
R AT S B W B S A AR R TEA e B
A YRR, SIS 1] 3 BT A E] 0.8 pmt,
BT B OGR4 [R) A0 8 5 AR A AR (synchrotron
radiation propagation phase contrast micro —to-
mography , SR-PPCT) ¢ A, F ] X 5 2 i i # f
J 5 S 1A A AL B AR BT 7 A R EE A TR X2
55 S 2 (AN AR, AR 255 ) N B B 4 kA 7
e T AR, BT X R WO AR R T, £ =
(S AROR 2 7 ROK 23549 (AT B 207K F ) o i
A T RLAL R RTRER, AT b, AR SR-
PPCT WF5E ALFJ 0B K ECE T3 HIE S22,

Phase contrast imaging;

Lumbar facet joint;  Three —dimensional

Department of Spine Surgery, Xiangya Hospital, Central South University, Changsha,

[5] I R 35 AR A B2 AR B AR A E 5T /NS 1 IR AL i
A R H A (EL

1 MRFFHE
1.1 shHEs

SEUS B R R K 2E s YRR . B SPF
POLAE (6 H ) F 2461920 H #%)SD K& 4
S IR U B 5 A BB B LA/S /N T 4%
Z B F v 0 [ 2 48h, Bl S 43 B1iE T 70% |
80% .90% ,100%05 #& H 46 BE WK , B4 B 2h,
i 00 I A S P AL IR B 20, /N DG R AR
B35 & 5xSmm KN, PRUEEEAS /NS5 07 F 44
B
1.2 FEARHH

FEAF R T 1 I 107 FH 40 BT 5% 107 [ 26 e e
TR X SR 5 5 A W B 24 i G R (BL13W ) £
UhSE R, LRI HEML 8~72.5keV AR B AR E A T A
S £7 6 3, 20keV fiE fE B 35 3 d5 KOG BE R
48mm (H)5mm (V) , & # AL 0.015mGy (H) x
0.002mGy (V) , A S 6 HA 5 25 8] A T M F i 7
itk AR HETHEAE R 15.0keV , FEAL 5 CCD 3k
6] BE SDD =10em,CCD #£ W % 25 [6] 43 B 2 Ny
3.25wm , BRG] 2.5s, FF & 75 58 5% £ B 0~180°
WREAR T 2400 & L RERZ, B S i
TTHEHE, R X O 26 W7 )2 5% 5% (Tomo) K15 720
5K, FI31% (Fla) MZ 12 5K 853512 (Dark ) K% 5
ik,
1.3 =4 K B E a2

5T FBP 59, ¥ Tomo FZ FHUE N % 5
HARL CT BMEFE WA (PITRE/PITRE-BM,
BLI3W1 20435 ) dE A7 4k G M, 58 i385
B W72 BRI Ak, B3 S A Tomo EIR Az BT
Sino 1E 3% % JH%E Axis Blc> 75 500 55 1 OE 3R
TR IE (Slice B AE LA KA B 46 Fie 283k
PR/ S CT MR MR . —4E KRN Image—



o E A HE A 2% 2018 4R5S 28 B5E 4 1 Chinese Journal of Spine and Spinal Cord 2018,V o0l.28 ,No.4 355

Pro Plus 6.0 EI§ b 38 F 17 BSR4, I8
T AR 3 308 I R Ak B S A B I R E AT 4y
Bro BfiJE, BFiEs —4EW 2 EE 3 A VG Studio
Max 3.0 #fF#E47 3D rldifb T80 i
M ] L e A R 2 B A ) HC B B (A A [,
FH A 53 81 T BB AN () ¢ BE A IX 88843 5 i ok O
17 = e Ak AR e T 5 S5 (E R A T
T T BT =4 BRGHEAT8 35 LU 557 I ]
&, H ROT Bk 8 — 3£ B L] H ] X388 H Ax
DX, o3 B ARCE, SR Rl T AR IR
PR N B B BT R 2 SR T Ak BT
1.4 HZ2Egm

SR-PPCT )5 , ¥ LF] T 10% % R H i 2%
P E 48h,10% 2 U Z 1R (pH 7.4)
A5 21d, BEJEAT A S IFAT 4um JERARY)
R, ¥% BB AR UE protocol AT 4T —[E 4k YL (4,
1.5 St

I SPSS 13.0 GE i+ 51443 17, K H Student
¢ R 50 Le A 2 B 1Y 25 S L R 5 7K F «=0.05, P<
0.05 SZE 45

2 H#R
2.1 B

P 21— [ % Gl 8,550 T AT L e I T LR SRR
KB T EEW, MAEA LF) 5814 LF) 748
B2 5, R EA LF) O B Bk
INCRCE B R B REEL (A 1)
2.2 LFJ WM& Z R

I PITRE/PITRE-BM 5% 4¥ Tomo 1% 32t
T Y AL S, FTARAS LE) Z4E )2 K4
(Slice EI&) (&l 2a) , W7 2 EGR g i e 3L T LEF)

SEATIA B DG A AR TR B T 4 A Bl Al
g, SRS AT R B T B R A — ok
LI AR J22 R T A WA B 5 R A T I T B
BOH TG GESE A5 SRR E /N RSN ST
A AR AR 28548, Bz 3 43 DA 1 B B 22 1)
A I B S e DX TR 48 K, B D X T
|0 O I 7 N i D A S R VA S = I
F oy FIX (B 2a P EATAF a b o) 2B, H
HOLE) PR R B AR K (S R AE 210~230
Z V8] 3 B K R (4R i 7E 80~95 2 [R] 5 A Joi B B
i Y A A v AE 50~68 22 [ 5 55 ] B 9 K
EHAE TR 35~46 Z 0], 51 5t (%8 R) K EE(E 3230
(& 2b), BLUNF X 2R A W I Fo o, 0K P (i e
1o o FLUR R R W, O R R R AL 4 S R
25 SR BE AR, 5 5T AT BB (B AR T AR 57 48 JiE
FEAE L YU AL SR S 1 i G R AR
23 W2 BRI

231 HETFESN X RAEHFIEILA LF)
[F1) DX 3 445 ) B 2 R AT LU 4R (3R 1), AR ALK
BU(IE 2c~e) B /NS RA T HES , 20 A X0 32
FEAE TP AERCE TR B AR BRI, /N R 4 3 AT, DO A%
T B B 43 S BRI R R R R, T A
FEHES O FL IR 254, B0l 2 L%, R 1 B AE , 4
5] (RN K BEEERR K BA A, &fed
KE (B 2f~h) 3E T ERIEEI RIS m (P<
0.01),LFJ Br/NGEE /b | WA bR &5 04 12 7 1 B0
FRIRILG (B 2F, I HTk i ds ) . FLBRCIR 45 14 5k
S I, B R B B R B Y —
(RIA K BEAER R Z2) o B 8CE 43 S MY AN
SV BB BT B R B, R R AR (1A
2g.h),

1 ARAL () S A () T 2 [ 4 e (0 55 21 s 2 A AL LY S5 1) BRsi/ s, B0 S Al T

ZEHZETL

Figure 1 Young(left) and aging group(right), results of the Safranine Green staining showed that the joint space of the

LFJ in the aging group was reduced, and the cartilage and subchondral bone structure were disordered
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Figure 2 a The grayscale value is used to distinguish the micro—structure of the facet joint on the tomographic image,

and the edge enhancement effect can be seen at the tissue boundary (a, refers to the subchondral bone marrow cavity
junction; b, refers to subchondral bone and cartilage junction; ¢, refers to cartilage and joint space junction) b The
distribution of gray values in the region indicated by the white line in figure 2a c¢—e Lumbar facet joint of young group

and enlarged view f-h Lumbar facet joint of aging group and enlarged view
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Figure 3 a,

¢ Tomographic images and partial enlargement of young group d,

e Tomographic images and partial

enlargement of aging group ¢ ROI three—dimensional image of young group f ROI three —dimensional image of aging

group, Compared with the young group, the joint space of the aging group was narrowed, but there was no statistical

difference in the change of cartilage thickness
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Figure 4

a LFJ 3D reconstruction image of young group e LFJ 3D reconstruction image of aging group b 3D

morphology of cancellous bone in young group using ROI module f 3D morphology of cancellous bone in aging group

using ROl module ¢ 3D morphology of subchondral bone in young LF] using ROI module g 3D morphology of

subchondral bone in aging LFJ using ROl module d the LF] cartilage 3D morphology of the young group using ROI

module h the LFJ cartilage 3D morphology of the aging group using ROI module
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