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Abstract: Objective To solve the problem of fracturing and deforming in the small scale calf freeze-dried cancellous bone via
computed numerical control (CNC) by improving the processing technology, and investigate the possibility of the engraved scaffold
as a substitute scaffold for femoral head by the biomechanical finite element analysis at the simulation level. Methods Based on
micro CT data, bone mineral density (BMD), trabecular thickness (TTH), trabecular separation (TrSt), bone surface/bone volume
(BS/BV) and bone volume fraction (BV/TV) were compared between calf freeze-dried cancellous bone and natural SD rat femoral
head. Through the uniaxial compression test, we achieved the yield stress (YS) and Young’s module (YM) of the calf cancellous
bone and calf freeze-dried cancellous bone. The micro CT data of the rat femoral heads were segmented and reconstructed as a
model, based on which the femoral head bone scaffold model and a carving knife path were designed. The calf cancellous bone was
processed by CNC machine and then was decellular and freeze-dried. Finite element analysis was used to evaluate the matching degree
between the femoral head bone scaffold and the acetabulum, and the maximum stress and maximum displacement. Results BMD,
TTH, TrSt, BS/BV and BV/TV of femoral head bone scaffolds were all significantly higher than those of SD rat femoral head (all
P < 0.05). The YS and YM of calf freeze-dried cancellous bone were lower than those of calf cancellous bone (P=0.046 and
P=0.043); The maching error of femoral head bone scaffold was less than 100 u m (P=0.000); There was no difference in von mises
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maximum stress between femoral head of SD rats and femoral head bone scaffold (P=0.120); The maximum strain of the femoral
head bone scaffold was greater than that of the femoral head of SD rats (P=0.000). Conclusion The modified processing technology
makes it possible to process calf freeze-dried cancellous bone as small-scale femoral head bone scaffold, and the femoral head bone
scaffold may require the limit of loading after implantation into SD rats.

Keywords: calf freeze-dried cancellous bone; improved processing technology; four-axis rotary carving; finite element analysis
Cited as: Wang Y, Wu D, Wang J, et al. Modified computed numerical control engraving technology and biomechanical finite
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6 RHMERIY REBAEIFHUSEIVNGE
MRIREE (ER =7 mm, ¥ |=24mm, n=6), H
m3NABRBESE 4 HTEARBEET. ik
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1 BELBXES5SDARKBLBZELE B
Bk BXLEBZE (bone mineral density, BMD) &
FSDARBEBELBERSBRRZEE (P=0.000);
BB kBXEE/NREE (trabecular thickness,

TTH) 5F SD X R & k8 /NREE (P=0.000) ;
BB kBEEEE /RSB E (trabecular separation,
TrSt) & F SD X R & L8/ R4 B E (P=0.000) ;
B8 kB X R e REREIRFALL (bone surface/bone
volume, BS/BV) &F SD KR ELEXERE
{RFREE (P=0.001) ; IR B kB X FR BT 5 # (bone
volume fraction, BV/TV) &F SD X R B kB
4% (P=0.000), B%* 1.

K1 BRELBEXRS SD ARRELBTYRILER

Tab.1 Bone mineral analysis in femoral head of bone
scaffold and SD rats
. SD rat femoral Femoral head
Variable head bone scaffold t P

C(‘,’,r,;eﬁ‘ ,f/“é'r'as) 1075.39+173.611 448.43%154.6015.723 0.000

Trabecular BMD 71 55 +61.93 1 448.43+154.6042.942 0.000

(mgHA/cm?)
TTH (um) 263.25+33.42 318.41%£52.76 5.534 0.005
TrSt (um) 176.735+11.84 257.07%£51.40 14.924 0.000
BS/BV (/mm) 7.10+0.25 8.71£0.16  9.185 0.001
BV/TV (%) 67.91+3.88 99.88+0.17 14.275 0.000
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Fig.1 Verification of femoral head bone scaffold imitation implantation A, Finite element analysis of the thickness difference between the
femoral head surface of femoral head bone scaffold and that of SD rats. B, Finite element analysis of joint space after femoral head bone
scaffold and acetabulum matching. C, The shaft side of femoral bone scaffold was well matched with the medullary cavity after the operation
of phantom implant, and Micro CT indicated good compression (arrow). D, The head side of femoral head bone scaffold was well matched
with the acetabulum after the operation of imitation implantation, and Micro CT indicated a good joint matching gap (arrow). E, Close
view of the femoral head bone scaffold (red ring) and the femoral head (yellow ring) of SD rats. F, The dissected femoral head (blue
ring). G,The femoral head bone scaffold was implanted into the femoral side and matched the acetabulum (arrow). H, The rotation of
acetabulum after simulation experiment (arrow)
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Fig.2 Uniaxial compression testing results A-B, Stress (Y-axis) and strain (X-axis) curves of uniaxial compression experiment (A, calf

cancellous bone sample; B, sample of freeze-dried cancellous bone from calf); C: the cancellous bone sample with good plasticity in calf
shows accumulation compression (yellow ring) after compression; D: The brittle calf freeze-dried cancellous bone presents a fracture
with the fracture line obliquity at approximately a 45 degree angle after compression (line); E, Yield stress of calf cancellous bone
sample is greater than that of calf freeze-dried cancellous bone sample, and the difference is statistically significant (°P < 0.05); F, The
elastic modulus of calf cancellous bone sample is greater than that of calf freeze-dried cancellous bone sample (°P < 0.05)
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Fig.3 Finite element analysis in stress and strain. The cloud diagram shows the femoral head of SD rat with the maximum von mises stress
of 614.2MPa (A) and the maximum displacement of 259.2 um (B), and the implanted femoral head bone scaffold with maximum von
mises stress of 674.1MPa (C) and the maximum displacement of 437.4 um (D); there is no statistical difference between the two groups
in the maximum stress section (E); the maximum strain of the femoral head bone scaffold is higher than that of SD rats (F)
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