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An experimental study on effects of paraformaldehyde fixation on
viscoelasticity of rat vertebrae

JIE Tian-yang', CHENG Peng-zhen’ (1. Xi’ an Tie Yi High School, Xi’ an 710054, China; 2. Department
of Orthopedics, Xijing Hospital, the Fourth Military Medical University, Xi’ an 710032, China)

Abstract. Objective To observe the effect of paraformaldehyde fixation on viscoelastic properties of the verte-
brae in rats, so as to find the best methods of preserving cancellous bone samples from the perspective of biome-
chanics. Methods Twenty 8-week-old healthy female Sprague-Dawley rats were selected, and their whole L4
and LS vertebra were separated by surgery. The total 40 vertebrae were randomly and evenly divided into experi-
mental group and control group. The experimental group was fixed with 4% paraformaldehyde for 72 h, and the
control group was transferred to 5 mL EP tube and cryopreserved at —20 C. Ten vertebrae were randomly se-
lected from each group for stress relaxation and creep experiments. After 7 200 s, the samples were collected
and their micro-structure changes were analyzed by micro-CT. Results The relaxation creep curve of experimen-
tal group was smoother than that of control group, the time to reach steady state was shorter, and the total
amount of relaxation creep at 500 s and 7 200 s was significantly decreased ( P <0.01). Micro-CT results showed
that relaxation and creep experiment could cause trabecular rupture, and trabecular damage was more severe in
experimental group than that in control group. Conclusions Paraformaldehyde significantly reduce the viscoelas-
ticity of rat vertebrae, and it is more easily to cause microstructure damage under mechanical stimulation, which
is detrimental to cancellous bone preservation.
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Fig.1 Results of stress relaxation experiment (a) Relaxation-time curve, (b) Relaxation at 500 s and 7 200 s
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Fig.2 Results of creep experiment (a) Creep-time curve, (b) Creep at 500 s and 7 200 s, (c) Elastic modulus

2.4 HBEHEHRMEHTN

AR CT J3 Afr B il ] 52 7 v O B AT A9 R /)N
TRARAC AT BT EE A HE B /NG 5L IR A A1, HES 58
NS R AR VN R el i = A N L TE A E e
X 2, 2o 50 Y R [ 1 /N SR A0 3085 o 5 W A S 5
X B/ INGEGE R 3 B R IR, HL b ] 2 /N
SLTOIAL S, AR B B AR W S (LKL 3)

FHAMERZE T, TR 1 mm® Py /N R
P B, AT DL B A B/ NG B ey, WA St S
Jo B TR A /NGRS L FE AR, ELI 5 2H
AR T X IR (P <0. 05) ; I 25 Sz it B /N G2 il
B, HL 3% 2 B AH HL B AR R 22 R (P <
0.01) , [ % 2H 75 i A T X 4 (P < 0. 05, UL &
4),

3 iFig

R RE B RFRA D, 52 A 2 A AR
ELIDAN PO N = R C N T RS a2
&, BRPEASIE AN Wi R I — R B (R 2 R A B A
TEAEBARGE T, A U2 3 3 B 5 77 FUULP AR B9
AN/ SE DIk SR R e R e A I RS £
SAE TR A, IR T FOL AL AR A Wi e A o
IAVEIDAL o SR 18 1Y ) 2 AR A FR AR st A B A2
e IR Y 32 2R B 3K, X T 2% vh 3 A A 4
R 50 s oA B2

BT AR REAR B s RES M B o 3
AR T S AT e RS J5 1) S 45 55 g = S vk 2 1]
A8 AH ST ST 1 — 25 U, I B AT 4 — S W



EREYWHE $£32% H4H 200758 A
378 Journal of Medical Biomechanics, Vol. 32 No.4, Aug. 2017

() HRASSEG X /N R AE A B R

Xof B 2H
3 IR ET SRR B/NREMEI S
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bone structure (a) Trabecular bone structure of normal ver-
tebra, (b) Effect of relaxation experiment on trabecular bone
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Fig.4 Trabecular connectivity density
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