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As porous materials, nano-hydroxyapatite/polyamide 66 (n-HA/PA66) composite scaffolds with both desirable bioactivity and good mechanical properties showed great potential to reconstruct the bone defect. Moreover, the pore size and porosity played a key role in the scaffold architecture and cell or bone ingrowth. To investigate the cytocompatibility of different pore size and porosity of n-HA/PA66 composite scaffolds on differentiation and cytocompatibility of osteogenically induced bone marrow-derived mesenchymal stem cells (BMSCs) and bone conduction in repairing the calvarial critical size defect of Sprague-Dawley rats in vivo, we evaluated three kinds of n-HA/PA66 composite scaffolds according to the pore size and porosity in this study (group A: mean pore size was 214 ± 107.3 μm, and more than 70% were arranged in 100–300 μm; group B: material mean pore size was 375 ± 132.2 μm, and about 60% were distributed in 300–500 μm; group C: mean pore size was 533 ± 169.4 μm, and more than 60% were in 400–700 μm). Osteogenically induced BMSCs were seeded in the three types of n-HA/PA66 material and cultured in vitro, and the variability on cell adhesion, growth, proliferation, osteogenic differentiation was analyzed using scanning electron microscopy alkaline phosphatase (ALP) and collagen type I (COL I) immunohistochemical staining, as well as quantitative real-time PCR (qRT-PCR) analysis on the osteogenesis-related gene expression (alkaline phosphatase, COL I), was done. Three group matrices/BMSC composites were implanted into the cranial defect of Sprague-Dawley rats. The differentiations of osteogenesis in vivo were then evaluated by histological and qRT-PCR analysis on mRNA levels of OPG and RANKL after 4 and 8 weeks, respectively. The in vitro and in vivo results showed that the group B n-HA/PA66 scaffold was more suitable for osteogenically induced BMSC proliferation, differentiation in vitro, and bone conduction in vivo than groups A and C, indicating that the porous n-HA/PA66 matrices with a mean pore size of 375 ± 132.2 μm and porosity 77 ± 2.9% have better cell biocompatibility and bone conduction.
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INTRODUCTION
Criteria that must be considered in the design of biomaterials include sufficient strength, biocompatibility, appropriate porosity, adequate surface finish guarantee, and serializability (Hulbert et al., 1970; Xi et al., 2020; Yao et al., 2020; Duan et al., 2021). Among these requirements, sufficient strength means the materials have the ability of sufficient modulus of elasticity and a critical stress intensity factor to cope with the patient's increased bone fragility and increased risk of fracture (Li et al., 2021). The mechanical properties of the ideal bone scaffold material should match the host cortical bone, in which the compressive strength of cortical bone is 100–200 Mpa and the modulus of elasticity is 15–25 GPa, while the compressive strength of hydroxyapatite is about 120 MPa and the modulus of elasticity is 75–105 GPa, which can match the normal bone cortex (Li et al., 2021; Duan et al., 2020). In addition, pore size and scaffold architecture have to be controlled in order to provide the appropriate scaffold porosity, which encourages cellular activities inside the scaffold and allows nutrients, oxygen, and waste to transport conveniently into or out of the scaffold (Hui et al., 1996; Whang et al., 1999; Hutmacher, 2001; Itala et al., 2001; Ortiz and Jimeno, 2018; Ashrafi et al., 2019; Zhianmanesh et al., 2019). A good material structure can promote better mechanotransduction of cells. Mechanotransduction is the basis for cells to convert mechanical stimuli from the extracellular microenvironment into intracellular biochemical signals to induce a variety of cellular responses and plays an important role in regulating various cellular functions such as development, regeneration, and disease (Song et al., 2020). Many experts have focused on cell or bone ingrowth into porous material with different pore sizes and porosities (Bucholz, 2002; Hollister et al., 2002; Holy et al., 2003; Jones et al., 2006; Otsuki et al., 2006; Kasten et al., 2008; Jones et al., 2009; Bertoldi et al., 2011; Mishra et al., 2012; Ayala et al., 2017; Mbarki et al., 2017). However, the results are still controversial. Mishra et al. found that a threshold permeability of ∼3 × 10–11 m2 was required for vascularization and mineralization to occur within a porous implant, and the pores should be of a critical radius >50 μm (Mishra et al., 2012). However, some researchers considered the cell and bone tissue could grow well in the pores of 50–125 μm. Although the accurate pore size and porous volume still remain unknown, the consensus is that the pore size, porosity, and interconnectivity of scaffolds are crucial for cell and bone ingrowth (Hulbert et al., 1970; Gauthier et al., 1998; Lu et al., 1999).
It is well known that hydroxyapatite (HA) has a composition and structure very close to natural bone minerals and therefore has been considered to be the ideal material to build bone tissue engineering scaffold, and polyamide (PA) has already been proved to possess good biocompatibility and excellent mechanical properties (Hutmacher, 2000; Kang et al., 2000; Chu et al., 2002; Kruyt et al., 2003; Bohner and Baumgart, 2004; Uddin et al., 2021; Zalnezhad et al., 2021; Yuan et al., 2021). Our preceding studies fabricated the nano-hydroxyapatite/polyamide 66 (n-HA/PA66) composite scaffold, which had both desirable bioactivity and good mechanical properties, and suggested that porous n-HA/PA66 material fulfilled the basic requirements of bone tissue engineering scaffold and had the potential to be applied in orthopedic, reconstructive, and maxillofacial surgery (Marom et al., 2005; Chen et al., 2006; Huang et al., 2007; Wang et al., 2007). Nevertheless, which pore size and porous volume n-HA/PA66 matrices have better cell biocompatibility and bone conduction have not been reported yet. This study investigated the biocompatibility of three different pore sizes and porosity of n-HA/PA66 composite scaffolds (group A: mean pore size was 214 ± 107.3 μm, and more than 70% were arranged in 100–300 μm; group B: mean material pore size was 375 ± 132.2 μm, and about 60% were distributed in 300–500 μm; group C: mean pore size was 533 ± 169.4 μm, and more than 60% were in 400–700 μm) on differentiations and biocompatibility of osteogenically induced bone marrow-derived mesenchymal stem cells (BMSCs) and in vivo osteogenesis in repairing the calvarial critical size defect of Sprague-Dawley rats.
MATERIALS AND METHODS
Characterization of n-HA/PA66 Composite Scaffold
The n-HA/PA porous scaffold was prepared by thermally induced phase inversion. A homogeneous multicomponent system was prepared by mixing n-HA/PA composite powders with ethanol at room temperature. To control the porosity of the resulting porous scaffolds, the composite to ethanol ratio (w:V) varied from 0.6 to 0.8. After complete mixing, the mixture was cast into the Teflon® mold and moved into ultrasonic vibration for 15 min. Then, the mold was moved into the oven at a temperature of 80°C for 3 days. During this period, phase inversion of ethanol was thermally induced by changing the temperature higher than the critical temperature of ethanol. That is, ethanol in the liquid phase changed into a gaseous one. As time passed, the gas nuclei gradually grew bigger and bigger and even interconnected to each other. Following this nucleation and growth mechanism, an interconnective porous structure was formed (Chen et al., 2006). Simultaneously, ethanol gradually evaporated from the mold, which leads to the solidification of the material. After complete solidification, the porous foam was removed from the mold and ultrasonic washing in deionized water for 24 h to thoroughly eliminate the remnants of ethanol. The porous composite scaffold was obtained after being dried at 100°C. Thereafter, the n-HA/PA scaffolds were air-dried in a laminar airflow chamber for 48 h and sterilized using ethylene oxide gas (Figure 1).
[image: Figure 1]FIGURE 1 | Production method of the n-HA/PA porous scaffold material.
These three pore sizes and porosity of three-dimensional connectivity of the fine porous n-HA/PA66 composites in this study were produced by different ratios of the composite and ethanol. The three kinds of pore size and porosity of the n-HA/PA66 matrices were fabricated depending on different viscosities of n-HA/PA66 composite slurry by Research Center for Nano-Biomaterials, Analytical and Testing Center of Sichuan University (Chen et al., 2006).
Evaluation of the Pores Size and Porosity
All three materials were cut into 10 × 10 × 5 mm blocks. The three groups of scaffolds were observed under micro-computerized tomography (μ-CT) with a desktop micro-CT system (μ -CT 80 scanner, Scanco Medical, Bassersdorf, Switzerland) for the porosities and three-dimensional (3-D) images of three groups of scaffolds. The system was set to 55 kV, 145 mA, and 500 ms integration time. The obtained binary images with a resolution of 1024 × 1024 pixels and isotropic voxel size of 18 μm were reconstructed to 3D for qualitative and quantitative evaluations (threshold 45–700). The morphologies of the scaffolds were also observed by scanning electronic microscopy (SEM). Prior to the examination, each sample was coated with gold. A JEOL JSM 5600LV SEM microscope at 20 kV was used to perform image analysis. Then, ImageJ soft was used to analyze the mean pore size and distribution of three types of scaffolds.
Evaluation of Mechanical Property
The compressive strength and modulus of the three groups of composite scaffolds were determined using a mechanical testing machine (Reger-3050, China). Following the guideline of ASTM standard D 695–96, a cylindrical specimen was prepared with a length twice its diameter. In this study, cylindrical samples were prepared with diameters of 10 mm and lengths of 20 mm. Six porous samples from each group were subjected to this test. The crosshead speed was set at 0.5 mm/min, and the load was applied until the specimen was compressed to approximately 60% of its original length. Then, the compressive modulus was calculated.
Assessment of Cell Biocompatibility
Cell Isolation, Culture and Cell Labeling
Bone marrow-derived mesenchymal cells (BMSCs) were isolated under the sterile condition from epiphysis of femur and tibia of the rats weighing an average of 100–120 g by density gradient centrifugation. After centrifugation, BMSCs were cultured in an incubator under 37°C with 5% humidified CO2. The induced cells were labeled with DiI, as mentioned in our previous study (Boyce and Xing, 2008).
Flow Cytometry
For identification of specific cell surface molecules, BMSCs were trypsinized and subsequently incubated with anti-CD29 (1:100), anti-CD31 (1:100), and antibodies (all from, BD Biosciences, Franklin Lakes, NJ, United States) for 1 h, at 4°C. Cell populations were resolved on an Accuri C6 Flow cytometer (BD Biosciences).
Cell Seeding
The three types of n-HA/PA66 scaffolds were sterilized using ethylene oxide gas. BMSCs were then seeded onto the tops of the prewetted n-HA/PA66 scaffolds (2.0 ×105 cells/scaffold), and then the scaffold/cell constructs were placed in the wells of tissue culture plates. Seeded scaffolds were incubated with the medium containing osteogenic factors (Dulbecco modified Eagle low-glucose medium containing 10% FBS, 10 nmol/L dexamethasones, 10 mmol/L β-sodium glycerophosphate, 0.05 mmol/L l-ascorbic acid) was changed every 3 days.
Observation of the Cell Adhesion and Growth
The growth information and morphologic changes of cells were observed by an inverted phase-contrast microscope and recorded every day. DiI-labeled cells were observed under a confocal microscope. The adhesion between BMSCs and three groups of n-HA/PA66 was recorded by SEM. Evaluation of proliferation and osteoblastic differentiation: The proliferation of BMSCs on three group scaffolds was determined using (3-{4,5-dimethylthiazol-2yl}-2,5-diphenyl-2H-tetrazoliumbromide) (MTT) assay as in a previous study (Hutmacher, 2000). The analytical assays were performed in a manner that at least four wells were randomly taken into examination each time.
The Effect of Osteogenic Ability of Cells
The expression levels of osteogenesis-related genes including ALP, type I collagen (Col- I), OPG, and RANKL were measured using the real-time PCR. Total RNA was isolated from the cells after culturing with n-HA/PA66 scaffold at 4, 7, and 14 days by using Trizol reagents (Invitrogen Life Technologies, Carlsbad, CA, United States) following the manufacturer's protocol. The sequences of primer were listed in Table 1. The expression levels of the target genes were normalized to that of the housekeeping gene GAPDH.
TABLE 1 | Primers used for qRT-PCR.
[image: Table 1]Cytocompatibility and Osteogenesis Post-Implantation In Vivo
This study was authorized by the Animal Ethics Committee of Zhengzhou University and was carried out in accordance with the Guidelines for the Care and Use of Laboratory Animals. The experimental animals were 40 healthy Sprague-Dawley adult male rats (about 6 weeks old) with an average weight of 300–350 g. The Sprague-Dawley rats were randomly divided into three groups (Table 2): A, B, and C, which corresponded to the three groups of n-HA/PA66 composite scaffolds (n = 36); and the last four animals acted as controls whose defects were left empty. The Sprague-Dawley rats were anesthetized via intraperitoneal injection of chloral hydrate. Subsequently, a CSD of 8 mm diameter was made in the cranium using fissure bur, and implanted according to the corresponding group. Six Sprague-Dawley rats randomly selected from groups A to C were killed for skull samples at 4 and 8 weeks after implantation, respectively. The control group Sprague-Dawley rats were killed only at 8 weeks after implantation. The samples were processed and harvested for the following examinations:
TABLE 2 | Number of the four group n-HA/PA66 scaffolds in vivo.
[image: Table 2]The implants were fixed in 4% paraformaldehyde, embedded in paraffin, and sliced. The managed specimens were stained with hematoxylin-eosin (H&E staining) and immunohistochemistry for histologic observation and histomorphometric analysis. Primary antibodies to OPG and RANKL were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, United States). Immunohistochemically staining was performed according to the manufacturer's instructions. Using image analytical software Image-ProPlus (Media Cybernetics, Bethesda, MD), the new bone volume (NBV) was expressed as the percentage of newly formed bone area in the available pore space (bone area/pore area× 100%).
Statistical Analysis
Quantitative data are presented as mean (SD). Statistical analysis was assessed using SPSS (version 10.0; SPSS Inc., Chicago, IL). Student t-test (assuming equal variances) was performed to determine the statistical significance between experimental groups. p < 0.05 was considered to be statistically significant.
RESULTS
Characterization of n-HA/PA66 Composite Scaffold and Bone Marrow-Derived Mesenchymal Stem Cells
The 3D reconstructed images and microarchitecture of three groups of scaffolds can be observed in Figure 2A; the abundant interconnections can be noted. The result of SEM (Figure 2B) showed the differences in pore sizes of three scaffolds, but no distinction can be seen under 1000×magnification. The pore size distribution of each group is shown in Figure 2A. The mean pore size, porosity, compressive strength, and modulus of the three groups composite scaffold are presented in Table 3. The mean pore size of group A scaffold was 214 ± 107.3 μm, and above 70% was arranged in 100–300 μm. Group B scaffold’s mean pore size was 375 ± 132.2 μm, and about 60% were distributed in 300–500 μm. The average pore size of group C was 533 ± 169.4 μm, and more than 60% were in 400–700 μm. The scaffold of group A had the lowest porosity of 69 ± 3.8% but the highest mechanical stress, while group C featured the opposite characteristics.
[image: Figure 2]FIGURE 2 | Characterization of n-HA/PA66 composite scaffold. (A) 3D reconstructions of the micro-CT slices illustrating the distinct porosity, pore size, and distribution of the three groups of scaffolds, and the scale bars represent 1 mm. (B) SEM pictures of group A, group B, and group C, each at ×500 magnification, showing the microporosity of the scaffolds and shows the surface in the ×1000 magnification of the three group scaffolds, whereas no differences were noted. (C) Flow cytometry of BMSCs, including CD29 and CD31.
TABLE 3 | Mean pore size, porosity, and mechanical property of the three groups n-HA/PA66 scaffolds.
[image: Table 3]BMSCs were cultured and detected the origin of the cells by flow cytometry. As the Figure 2C, CD 29 was positive, while CD31 had a negative expression. These results showed that the cells we isolated were mesenchymal.
Cytocompatibility
The behavior of the mineralization-induced BMSCs cultured with three group scaffolds was observed daily by phase-contrast microscopy. The cells began attaching onto the scaffolds at 24 h, and a large amount of cells proliferated and migrated into the porous material and attached to the wall of the pores after 3 days of culture. Figure 3A shows fluorescence microscopy and SEM micrographs of the three types of scaffolds and it can be observed that there are more cells attaching and growing on group B scaffolds at 7 days.
[image: Figure 3]FIGURE 3 | Biocompatibility of n-HA/PA66 scaffolds. (A) Fluorescence microscopy and SEM micrographs show the DiI-labeled cells attached to the three groups of n-HA/PA66 scaffolds at 7 days after being seeded in vitro. (B) MTT assay for the proliferation of BMSCs at various incubation periods combined with three types of n-HA/PA66 scaffolds under the same culture condition. (C) Positive ALP staining and Positive COL I staining. (D) Relative mRNA expressions of ALP and Col-1 by BMSCs cultured on the three groups n-HA/PA66 scaffolds for 7 and 14 days * indicates significant difference from group A (p < 0.05); # indicates significant difference from group B (p < 0.05).
The MTT assay on the proliferation of BMSCs in contact with three group n-HA/PA66 scaffolds was performed on days 1, 4, 7, and 11 after being cultured. Figure 3B shows the level of group B is higher than groups A and C from day 4 (p < 0.05), while the cell population of group A is more than group C at 7 and 11 days (p < 0.05) (Figure 3B). The positive staining of ALP and COL I immunohistological staining showed that the n-HA/PA66 scaffold, whatever its pore size and porosity, has no negative effects on BMSC osteogenic differentiation (Figure 3C).
The expression levels of osteogenesis-related genes including ALP and COL I were assessed by the quantitative real-time PCR and the results are shown in Figure 3C. Generally, the group B scaffold induced the highest ALP mRNA levels after 7 and 14 days of culture. The relative mRNA level of COL I of group B showed a significant difference with group A and group C at 7 days (Figure 3D).
Biocompatibility and Bone Conduction Post-Implantation In Vivo
At 4 weeks, the histological micrographs (Figure 4A) showed plenty of fibrous connective tissue with minimal mineralization. Although gaps could be seen between the newly formed tissue and the surface of the scaffolds in the three groups, more new tissue and active osteoblasts were observed in group B. At 8 weeks, the boundary between scaffolds and bone was unclear due to the sufficient formation of mature bone tissue, which had grown into the pores and formed a close union without any gap in group B. However, there were not enough new bone regeneration and penetration into the center of scaffold in group A, while in group C, plenty of gaps were present. In the control group, only fibrous tissues encapsulated the defects.
[image: Figure 4]FIGURE 4 | Biocompatibility and bone conduction post-implantation in vivo. (A) Hematoxylin and eosin stained sections of three groups at 4 and 8 weeks post-implantation; NB denotes newly formed bone tissue, S denotes scaffold materials (yellow), while OB denotes original bone (red). And the groups and the observation time are presented in the figure. (B) New bone volume (bone area/pore area ×100%) of newly formed bone at the bone defect area was repaired using three groups of BMSC/scaffolds at 4 and 8 weeks after being implanted in vivo. (C) Relative levels of OPG and RANKL mRNA expression, as well as OPG/RANKL ratio in newly formed bone tissue by RT-qPCR, are shown. (D) Immunohistochemical localization and reactivity of RANKL and OPG in the newly formed bone at 4 and 8 weeks after implanted scaffolds (red arrow). * indicates significant difference from group A (p < 0.05); # indicates significant difference from group B (p < 0.05).
Quantification of newly formed bone at the bone defect area showed that group B had the highest NBV both at 4 and 8 weeks post-implantation compared to other groups (p < 0.05). While no significant differences were showed between group A and group C (p > 0.05) at 4 weeks, the NBV of group C was higher than group A at 8 weeks (p < 0.05) (Figure 3B).
Real-time PCR showed that all three groups had increased expression of OPG and RANKL mRNAs. Especially in specimens with group B scaffold, the relative OPG mRNA levels and the ratio of OPG/RANKL were significantly higher than other groups (p < 0.05) at 4 weeks. The result indicated the group B scaffold with proper pore size and porosity might appear to facilitate bone conduction more actively at an early time (4 weeks). The result of 8 weeks showed the gene expression of OPG and the ratio of OPG/RANKL was decreased in group B, although they still were on a higher level. An increase in OPG expression was noted in group C 8 weeks post-implantation. The images of immunohistochemistry also showed the same trend as with qRT- PCR (Figures 4C,D).
DISCUSSION
In previous studies, the pores and porosity in porous n-HA/PA66 scaffolds often had a wide range, making it difficult to accurately define the optimum pore size and porosity for cell and bone tissue ingrowth. However, it was hypothesized that in unresorbable materials, the pore size and pore density are equally important (Bodugoz-Senturk et al., 2009). As well as the interconnectivity of pores may be a critical factor for tissue and bone ingrowth. Some researchers determined the importance of interconnections for bone ingrowth and showed that interconnections larger than 50 μm were favorable for mineralized bone formation in the interconnections by using hydroxyapatite (HA) and β-tricalcium phosphate implants. The porosity of the biomaterial plays a significant role in the success of an MSC/scaffold construct (Huang et al., 2011). Most studies (Qu et al., 2011; Uddin et al., 2021; Zalnezhad et al., 2021) showed higher porosity was usually associated with greater bone formation, but the reduction in mechanical properties must be considered.
In our result, the characteristics of the three groups of scaffolds showed evidently different features owing to the slurry of different viscosity used, although they were made by the same matrix composition. Nevertheless, abundant interconnections were seen within the scaffold morphology in all three groups’ material. Especially due to their various pore size and porosity, the significant difference in biocompatibility in vitro and in vivo was noted. When BMSCs were cultured with three different pore sizes and porous n-HA/PA66 scaffolds, group B had more cells attaching and growing into its cavity. The result of MTT also showed the population of BMSCs in contact with group B was more than in groups A and C. It means group B with a mean pore size 375 ± 132.2 μm and porosity 77 ± 2.9% is more suitable for the ingrowth and proliferation of BMSCs. ALP is relied upon by many researchers as the main biochemical marker for osteogenic differentiation and the protein level does not rise in non-induced BMSCs but displays a strong induction during osteogenic differentiation (Zhang et al., 2013). COL I was also considered an important factor in qualitatively determining bone differentiation and mineralization (Feng et al., 2021). The result showed BMSCs in three groups exhibited positive ALP and COL I staining. RT-PCR also revealed that the group B scaffold had a higher level of ALP at 7 and 14 days and COL I at 7 days than other groups. The enhanced level of ALP and COL I expression in this group might indicate the combined effect of osteoblastic differentiation of BMSCs and the group B scaffold, which provides more suitable pore size and porosity.
We implanted BMSC-seeded three groups of n-HA/PA66 scaffolds in the critical cranium defects of S-D rats to confirm the experiment results. Bone regeneration was seen except in the control group. The histological micrographs showed group B constructs showed superior capability in bone regeneration.
The discovery of the RANKL/RANK/OPG system in the mid-1990s in the regulation of bone resorption has led to major advances in our understanding of how bone modeling and remodeling are regulated. RANKL/RANK signaling regulates osteoclast formation, activation, and survival in normal bone modeling and remodeling and in a variety of pathological conditions characterized by increased bone turnover.
OPG protects bone from excessive resorption by binding to RANKL and preventing it from binding to RANK (Li et al., 2016). Thus, RANKL and OPG act as key regulators of bone metabolism and osteoclast biology. OPG/RANKL ratio is an important determinant of bone mass and skeletal integrity (Yao et al., 2016). The relative OPG, RANKL mRNA levels and the ratio of OPG/RANKL were significantly higher in group B than in other groups (p < 0.05) at 4 weeks, indicating that the bone conduction in group B was more active.
What is more interesting was that the result at 8 weeks showed the gene expression of OPG and RANKL and the ratio of OPG/RANKL decreased in groups A and B, although they were still on a higher level. In addition, an increase in OPG expression was noted in group C after implantation for 8 weeks. The images of immunohistochemistry showed the same trend with qRT- PCR, and the statistical analysis on the NBV of group C, which was higher than group A at 8 weeks (p < 0.05), however, was not identified with the MTT result. A study revealed smaller pores resulted in ingrowth of unmineralized osteoid tissue, and even smaller ones are penetrated only by fibrous tissue. Thus, the same situation was observed in group A. Maybe the bone tissue ingrowth needs a larger pore and interconnectivity size. In comparison, group C, with an average pore size 533 ± 169.4 μm and porosity 85 ± 3.2%, had a larger pore size which was disadvantageous for more cells attaching onto the scaffold due to its huge lacuna initially but was befitting for bone tissue growth later on than in group A. But the reduced mechanical properties associated with large pore size must be considered. All three groups of n-HA/PA66 scaffolds were produced by the same slurry and the surface structure, the various pore size and porosity affected the biocompatibility and osteogenesis in vitro and in vivo. This is the first study that investigates the effect of pore size and porous volume of n-HA/PA66 matrices on cell biocompatibility and bone conduction, and the results showed that the pore diameter and porosity of group B were more suitable for BMSC proliferation, differentiation in vitro, and bone conduction in vivo.
CONCLUSION
To detect whether pore size and porous volume n-HA/PA66 matrices have better cell biocompatibility and bone conduction, this study investigated the biocompatibility of three different pore sizes and porosity of n-HA/PA66 composite scaffolds (group A: mean pore size was 214 ± 107.3 μm, and more than 70% were arranged in 100–300μm; group B: mean material pore size was 375 ± 132.2 μm, and about 60% were distributed in 300–500 μm and group C: mean pore size was 533 ± 169.4 μm, and more than 60% were in 400–700 μm) on differentiations and biocompatibility of osteogenically induced bone marrow-derived mesenchymal stem cells (BMSCs) and in vivo osteogenesis in repairing the calvarial critical size defect of Sprague-Dawley rats. The results showed that group B material was more suitable for osteogenic-induced BMSC proliferation, differentiation in vitro, and bone conduction in vivo than group A and group C, which indicated that the porous n-HA/PA66 scaffold with mean pore size 375 ± 132.2 μm and porosity 77 ± 2.9% has better cell biocompatibility and bone conduction.
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Gene forward primer sequence (5'-3')

ALP TCCCTACCGACCCTGTTCTGA
COI-| TCAGAAAAAGCAGCACCG

OPG GAAGATCAGCCCAGACGAGATT
RANKL AGCGCTTCTCAGGAGTTCCA
GAPDH TATGACTCTACCCACGGCAAGT

Reverse primer sequence (5'-3)

TGGACCTCTCCCTTGAGTGT
TCGTAGCCTTCATAGCCAT
TGCTCGCTGGGTTTGCA
GCCGGGCCACATCGA
ATACTCAGCACCAGCATCACC
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Group Average pore size (um) Porosity (%) Compressive strength (MPa) Compressive modulus (GPa)

A 214 +107.3 69 +3.8 11.47 +0.18 0.58 + 0.04
B 375 + 132.2" 7729 7.65+0.21% 0.39 + 0.06"
C 533 + 169.4™ 85+32" 1.91+0.09" 0.18 +0.03™"

sindicates significant difference from group A b < 0.05); # indicates signifcant diference from group B (o < 0.05).
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