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[Abstract] Objective To explore the feasibility of antler powder/silk fibroin/polyvinyl alcohol scaffolds as tissue en-
gineering bone scaffolds and the relationship between their degradation performance and the healing speed of bone de-
fects. Methods Antler powder/silk fibroin/polyvinyl alcohol scaffolds and nano hydroxyapatite/silk fibroin/polyvinyl al-
cohol scaffolds were prepared by 3D printing. The whole bone marrow culture method was used to prepare blood cell
sheets of Altay big tail sheep’s iliac bone marrow. With observation times of 1, 2 and 3 months, the mandibular defects

of 4 sheep were established. The experimental group was coated with antler powder/silk fibroin/polyvinyl alcohol scaf-
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folds. The control group was coated with nanohydroxyapatite/silk fibroin/polyvinyl alcohol scaffolds. The negative control
group was coated with gel-free sponges. According to the self-control method of the bilateral mandible defect area, scaf-
folds wrapped with cell membranes or gel sponges wrapped with cell membranes were implanted. At the ends of the
first, second and third months after implantation, the experimental animals were killed, cone beam CT was performed,
and paraffin sections were taken for HE staining to evaluate the effect of different scaffold materials on bone regenera-
tion and scaffold degradation. Results Scanning electron microscopy showed that both groups had regular pores and
good continuity, and there was no difference in pore size and porosity between the two groups (P > 0.05). The results of
CBCT imaging showed that in 3 months after operation, the experimental group had significantly better repair effects on
bone defects than the control group, and the degradation rate matched the bone repair rate. The bone mineral density in
the center of the defect was higher than that of the control group, which was close to that of normal bone tissue. The cen-
tral bone mineral density of the experimental group at each time point was higher than those of the control group and
the negative control group, and the difference was statistically significant (P < 0.05). HE staining results showed that
the bone cells in the experimental group were more active, with more new capillaries and bone trabeculae formed, and
the scaffold material absorbed more than the control group. Conclusion The antler powder/silk fibroin/polyvinyl alco-

hol scaffold can promote the repair of critical bone defects. Its degradability matches its bone tissue healing rate. It is

expected to become a promising scaffold material for bone tissue engineering.
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a: length of antler powder/silk fibroin/polyvinyl alcohol scaf-
folds; b: width of antler powder/silk fibroin/polyvinyl alcohol
L scaffolds; c: height of antler powder/silk fibroin/polyvinyl al-
cohol scaffolds; d: length of nanohydroxyapatite/silk fibroin/
polyvinyl alcohol scaffolds; e: width of nanohydroxyapatite/
silk fibroin/polyvinyl alcohol scaffolds; f: height of nanohy-
droxyapatite/silk fibroin/polyvinyl alcohol scaffolds

Figure 1  3D-printed antler powder/silk fibroin/poly-
vinyl alcohol scaffolds and nanohydroxyapatite/silk fi-
broin/polyvinyl alcohol scaffolds
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a: after 10 days of film-forming induction, cell shrinkage can be seen
on the edge of the culture dish under the microscope (indicated by the
arrows); b: the cell sheet has a certain degree of toughness and can be
lifted by micro tweezers

Figure 2 The morphology of the cell sheet
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a: the scope of the surgical incision
is marked; b: the oral mucosa is cut
according to the mark; c: blunt sep-
aration is performed to expose the
B Lone surface; d: the bone defect is
L prepared; e: the scaffolds are
| placed into the bone defect area; f:
the wound is sutured

Figure 3  Implantation of cell
sheet combined with 3D print-
ing scaffold into mandibular de-
- fects of sheep
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a: antler powder/silk fibroin/polyvinyl alcohol scaffold ; b : nanohydroxy-
apatite/silk fibroin/polyvinyl alcohol scaffolds. The gaps of scaffold ma-
terials are approximately square, regular, and consistent in size, with
good continuity and good connections between layers in two groups
Figure 4  Scanning electron microscope observation of scaf-
folds in two groups (X 50)
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Experimental group Control group Negative control group

1 month

2 months

3 months

Experimental group: antler powder/silk fibroin/polyvinyl alcohol scaffolds; control group: nanohydroxyapatite/silk fibroin/polyvinyl alco-
hol scaffolds; negative control group: gel-free sponges. The arrow indicates the bone defect area. CBCT resulis showed that in the three
groups, no obvious scaffold material or bone tissue healing was found one month after the operation. Two months after the operation, the
bone densities of the defect areas in the experimental and control groups were higher than at the end of one month after the operation,
and the bone density was opened. At the end of three months after the operation, there was no obvious low-density projection area in the
experimental group, and the bone defect was essentially repaired

Figure 5 CBCT scan in the sagittal plane in each group after the operation
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Table 1~ Quantitative analysis of central bone mineral density

in bone defect area at different time after stent implantation

BMD (¥ +s,g/cm’)

Time Experiment Control Negative F P

group group control group
I month 042 +0.02 0.29 +0.01 0.11 +0.03 209.07 0.038
2 months  0.82+0.03 0.51 £0.04 0.14 +0.02 311.23 0.031
3 months 1.56 +0.08 1.02+0.05 0.21+0.02 1014.18 0.022

Experimental group: antler powder/silk fibroin/polyvinyl alcohol scaf-
folds; control group: nanohydroxyapatite/silk fibroin/polyvinyl alcohol
scaffolds; negative control group: gel-free sponges; BMD: bone mineral

density

(], PR R R W el . DL 6.

Experimental group: antler powder/silk fibroin/polyvinyl alcohol scaffolds; control group: nanohydroxyapatite/silk fibroin/polyvinyl al-

cohol scaffolds; negative control group: gel-free sponges; HE staining after operation at each group (X 20); the positive area in the im-

age (X 100). Black arrows indicate osteoblasts; yellow arrows indicate osteoclasts. At the end of 1 month after the operation, a small

number of osteoblasts and more osteoclast-like cells and fibrous connective tissue were found in the implanted area of the experimen-

tal group. At the end of 2 months after the operation, compared with the control group, the experimental group had more osteoblasts

and more new capillaries and trabecular bone formation. At the end of 3 months after the operation, most of the scaffold materials in

the experimental group had been absorbed, and the arrangement of trabecular bone was regular and mature plate-shaped. There was

also new bone formation in the control group, but there were no significant changes in the negative control group at the three time

points after the operation

Figure 6  Observation results of HE staining in each group after operation
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