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Abstract; Objective To study changes in bone microstructure of osteoporotic rats by multiscale analysis.
Methods A total of twenty 5-month-old female SD rats were randomly divided into two groups, i. e. , ovariectomy
(OVX) group (n=12) and the SHAM group (n=38), respectively. The rats in OVX group were subjected to
bilateral ovariectomy and became osteoporosis models after 8 weeks, while sham operation was performed for
the SHAM group. Changes in microstructure of cortical bone and cancellous bone at tissue scale, and osteocyte
lacunar-canalicular network (LCN) and extracellular matrix (ECM) at cell scale were quantitatively analyzed
using Micro-CT and SR-Nano-CT. Results At tissue scale, the cross-sectional area of cortical bone in OVX
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group was significantly higher than that in SHAM group ( P<0.05), and the bone mineral density (BMD) and
thickness of cortical bone were not significantly different from those in SHAM group. The trabecular BMD, bone
volume fraction, trabecular thickness and trabecular number in OVX group were significantly decreased in
comparison with SHAM group ( P<0.01) , while the trabecular separation was significantly increased ( P<0.01).
At cell scale, there was no significant difference in the semiaxes of lacunae between OVX group and SHAM
group, but the thickness of lacunae and the diameter of canaliculi in OVX group were significantly increased in
comparison with SHAM group ( P<0.05). At the same time, the porosity of cortical bone in OVX group was
significantly higher than that in SHAM group at cell scale ( P<0.05). Conclusions The bone microstructure in
OVX group varied to different extents at tissue and cell scales. At tissue scale, the cancellous bone loss was
severe, while the cortical bone had fewer changes. At cell scale, the porosity of lacunar-canalicular network
significantly increased, which directly affected the BMD and strength of cortical bone. Multiscale analysis on
changes in bone microstructure of OP rats has potential application values for clinical diagnosis and pathological
analysis of osteoporosis.

Key words: osteoporosis; ovariectomized rats; cortical bone; cancellous bone; osteocyte; lacunar-canalicular
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Fig.1 ROI location of cortical bone and cancellous bone
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(b) FABEROI 2

1.3 SR-Nano-CT 34

HOR BRUAE M JBe B b BB T4 B i B 2 5 mm, IF
S BIE T 4% 22 0 W AT [ A 3, [ BB
IRJE R 4 C  BHAHSSE 24 h, [EE G H KK B
A6 h, SR A AR 4 WA DT FIAL (SYJ-150, P FH
BHam A b A R A A TR HEA 2 300 ~
400 wm, X FEA FEAT S AL BE B R B N
50 wm ZE A5 W U0 . U0 R RS AR RE B K (70% -

10 min, 80%-10 min, 90%-10 min, 95%-10 min,
100% -15 min, 100% -15 min) , i 7K J& B4 - FHAVE 4
A, FIHAE R D AR G 4 B AWIA SR Z
SR-Nano-CT(4W1A , H [ B2 [ = fig 9 3 58 r )
X OVX Fil SHAM 20K BBz o B V) 047 8 15 70
R R LCN 1 ECM AR50 . 16
SR 1 024x1 024 182K 12 FK 64 nm, B & 64 nm,
TE Mimics 3K 2800 BIE AL | 54 4 i 5520 TR 4l
SER BUE IR LON 3D B ) 55, % CT s &t
A7 [ (0 Ak P00 2 A0 M A LON S, ok, Bk 5E
1A~ LA S ROX, FF43 501 LA B 448 A 20 Jf AR Fn -2
B4 83 Sk bt 40 AT LON 52 ARtk A7 X Js 34 4 4k
T T AR 025 R DX ek ) 4 2 RS A1 /N 55 ROIT
FANAHDCIR . T 40 2 B/, HL 4 i 58
A /N 2 B 22 S 3/, 3 CT 248 4 i 28
B /NG I K B 22 S/, N 5y K4y, BIE, T
5 MR G 6O I L 5 T 20 i 2 R R N &
M, Bn R AR LON BSR4 44U
BoHrxt 4, Hrp, OVX  SHAM 4143 4 & 24
16 Moptiat 4, HET e 3D AR L L2
FIFCNER AR i i e A T e i B 85 1 9 5 LA B X
PR e SR T T P AR 5 e S 1T 1Y 3E
sk T R B d /NI R IR D g O B R
/NS 4 A ST IE 22T, 76 QE 28 -1 R
A0 TR0 ) T EL ) A TR g 2 il I AR S R
F R (LC. R, B0 wm) 15 B 5 i TV 1)
BEALERI 6 B /INE Fl 20 it 28 S A 780 | 1S3 78 )
2 L IR EATILA N AR XA TR A B A2
SKREEAE R B/ NE HAE (Ca. Dm, FAAL wm) FI4H
S EH AL (De. Dm, P47 wm) o FERIGE R Ak b
B /INE AN A S S 1 25 A7 ', FL AR i /N
A R AR A K B K T H EH 4R, 2T SR-Nano-
CT SEAGH @ 45 F L7 v B B 83 450 | LCN R 1
A BB R (LC. N/TV, Hf7 1/mm®)
B FLBR (C. Po, ¥0i%) , FEHLINE 6 b K
3 FIE 20 M 1) B, EL AR A & 3 vk, SR ] B 24 (E 1R
F B AR (LC. H, 847 wm) .
1.4 SitEFRZE

A THREIER A GraphPad Prism 9 #1788 73
B FERIFISEREAS ¢ K250 704r OVX il SHAM 2H K B
HENEARZES,P<0. 05 Fonzzt A G X,



%88, %. ZRESTEREMXBREREHETL
CEN Haipeng, et al. Multiscale Analysis on Changes in Bone Microstructure of Osteoporotic Rats 517

) mm SHAM ZHAH L, OVX ZH 57 ot 1) B 4% B R BE e Ay
- BF AL (P>0.05), {HH M m A &K
2.1 ERBMNRAEEEEMAAESSHI N (P<0.05) ; Hd, OVX 21 B Jo 8 191 2 5 SHAM
Kl 2 3 OVX Fl SHAM ZH A BUBE B ROL T 4IRME1.01% , 17 BB RS A 4. 01% ; OVX 41
b Bz BB AR B I 3 ROT 2 A A R Micro-CT $% B T AR T AR A SHAM 2118 K 6. 59% , OVX 41
GRHT E i B EMA LRSS EOT L, 1B Raimm P/ NRE % EMHLUES S SHAM
B8 0VX Fl SHAM 4B hBEANRAS A EBZE R AR EE2EF(P<0.01) ; K OVX HH/Ng
e, LA IR A FLER, OVX 4L8E I A 5 /N () 9% FE 3 SHAM A FAIG 48. 78% , B IR R 43 $i sl
Qe by, i SHAM 4188 s A 2 2 i /N R 45 4 > 63.22% ,/INGE TR FE /0 16. 41% |, B T B /DN
OVX 4 ROI 2 4b8 /N34 SHAM Ui i /b, 5 AR 55.78% B /NGRS B EHS N 90. 71%

ns .

"?q | - ns ,:"
1S L8 £ 8000 5
g’ 1.0 g 6 é_ 600 20
3 =y 400 3
< =
Z 05 a2 & 200 2
S 0 0 0 .
ROI'l “ OVX SHAM OVX SHAM OVX SHAM E OVX SHAM
(b) FREHEE (o) FFE#ImER (D) FREEE (&) B/MNEHHEE
ROI 2 *x " . -
50 =
<10 g 150 2
> 30 =100 £
S20 = 5 s
= 10 s z 0
0 0
OVX SHAM OVX SHAM & 7 ovx SHAM OVX SHAM
(a) Micro-CT#TH & O BNEFERSH (g) H/NREE (h) B/MREEE W) BNRHERE

2 OVX # SHAM AR B MRRE Micro-CT ZGEEEEREZEMALARSSHXILE

Fig.2 Comparisons of the Micro-CT cross-sectional images, bone mineral density (BMD) and morphological parameters of
cortical bone and cancellous bone between the OVX and SHAM groups (a) Micro-CT Cross-sectional image, (b) Cortical
bone BMD, (c¢) Cortical bone cross-sectional area, (d) Cortical bone thickness, (e) Trabecular bone BMD, (f) Trabecular bone

volume fraction, (g) Trabecular thickness, (h) Trabecular number, (i) Trabecular separation
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Fig.3 SR-Nano-CT and reconstruction images of the osteocyte, LCN and ECM in the middle femur of rat (a) OVX

group, (b) SHAM group, (c¢) Schematic diagram of the osteocyte and LCN
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Fig.4 Comparison of microstructural parameters in the osteocyte and LCN in the middle

femur at cell scale (a) Lacunar density, (b) Lacunar semiaxes, (c¢) Lacunar thickness,
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