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1. Supplementary Figures 

 

Figure S1. Screening of the optimal ratio of composite bone cement. 

The optimal ratio of SrO and MCPM: After screening the pH values of different mass ratios of SrO and MCPM cement samples in PBS solution, 

the optimal mass ratio of SrO to MCPM is 3:5 because its pH is close to 12, allowing a pH buffer for the subsequent CS with a pH of about 4.5. 

The optimal ratio of SrO/MCPM and CS: To promote the degradation of the composite bone cement and provide an adequate calcium source, 

CS was added to the SrO/MCPM composite. The optimal mass ratio of the inorganic phase was set as SrO:MCPM: CS = 3:5:2 because its pH 



value is close to 7.4. 

 

 

Figure S2. The cross-sectional morphology of CMC/SPC (Scale bar: 20 µm). 



 

 

 

 

Figure S3. Digital images of injectability and anti-washout. 

 

 

 



 

 

Figure S4. The surface morphology of 5-50%CMC/SPC before mineralization. 

 

 



 

 

Figure S5. Fluorescent pictures of living and dead cells for 4 days (green: live cells, red: dead cells). 

 

 

 

 



 

 

Figure S6. The Ca2+ and PO4
3- concentrations of CMC/SPC extracts (100 mg/mL). 



 

Figure S7. Flow cytometry data analysis. 

 



 
Figure S8. Representative H&E staining of implants on days 1, 3, 7, 14, and 21 after 

implanting in the mouse muscle.  



 

Figure S9. Representative micro-CT images on days 21, 56, and 90. 

 

 



 

Figure S10. Comparison of in vivo and in vitro degradation for 40%CMC/SPC cement. 

 

 

 



 

Figure S11. Reconstructed micro-CT images of the bone defect region at 4, 8, and 12 weeks. 

 



 

 

 

 

Figure S12. Van gieson, toluidine blue, and methylene blue-fuchsin staining for bone tissue around different implants (scale bar: 500 µm, 

black circles represent the area of bone defects). 

 

 

 

 

 

 

 



 

 

 

Figure S13. Van gieson, toluidine blue, and methylene blue-fuchsin staining for bone tissue around different implants (scale bar: 500 µm, 

black circles represent the area of bone defects). 

 



 

 

Figure S14. Immunohistochemical staining of VEGF (scale bar: 50 µm). 



 

 

Figure S15. Immunohistochemical staining of TRAP (scale bar: 50 µm).



 

Figure S16. The variation of Ca2+ and Sr2+ concentration in PBS during the degradation process. 

Figure S16a shows that the Ca2+ concentration dropped from 15–20 mg/L to 5–10 mg/L during the first two weeks. This is because CaSO4 gradually 

decreased as it degraded, and Ca2+ could only be derived from the less soluble CaHPO4 or Ca3PO4. After 20 days, the Ca2+ concentration stabilized 

at around 10 mg/L. Figure S16b shows an increase in Sr2+ concentration during the first two weeks, which is due to the fact that the Ksp of SrSO4 

is greater than that of CaHPO4 or Ca3PO4. After 20 days, the Sr2+ concentration stabilized at around 47 mg/L.  



 

Figure S17. H&E staining images of major organs (scale bar: 50 µm). 

 



2. Supplementary Tables 

Table S1. Physicochemical properties and biological activity of different Sr-containing bone cements 

Materials 

Compression 

strength 

(MPa) 

Degradation 

(%) 

Injectability 

(%) 

Setting time (min)/ 

curing temperature (℃) 
Bioactivity 

Sr-HA1 – – – 8-12/65 Promoting angiogenesis and bone tissue formation 

Sr-BC2 17-25 – 40-100 7 – 

SrCPC3 13-23 – – 3-7 Inducing apatite deposition 

SrCaHA4 – – – 1-30 – 

SrO-CPC5 38-60 20 (60 d) – 10-15 – 

CGRP-Sr-CPC6 15-30 12 (28 d) – –  Upregulating ALP, BMP2, OCN, and Runx2 expression 

Sr-BCPC7 9-38 2 (28 d) – 9-20  Promoting the proliferation of MC3T3-E1 cells  

Sr-BCs8 – – – – 
 Inducing MCS and MC3T3-E1 cells 

Inhibiting osteoclast activity 

Sr-CPC-O9 15-35 – – 15-45 – 

Rg1-Sr-TiO2/PP10 21/41 – – – Promoting angiogenesis 



mSCS-A11 3-6 – 65-95 – 
Supporting hBMSC proliferation and 

osteogenesis differentiation 

Sr-HA12 – – – – Increasing OCN/Runx2 expression and bone formation 

SIS/SrFeHA13 – – – – Inducing angiogenesis/osteogenesis both in vitro and in vivo 

SrCS/SF14 – 8 (14 d) – – Promoting the osteogenic and angiogenic activities 

Sr+Ma-BrC15 – – – 8-12 Promoting new bone formation 

SrCSH/Sr-TCP16 – – – – 
Supporting the proliferation, adhesion, and ALP activity of 

MC3T3-E1, matching the growth rate of new bone 

Sr-TCP17 13 – – – Cytocompatibility for NCTC 3T3 and human DPSC cells 

Sr-CS18 – 25 (56 d) – – Appreciable biodissolution and high osteogenic capacity 

HA-SrMg19 – – – 33-39 Increasing ALP and NO production 

Sr/Cu-BSG20 11-15 37 (21 d) 88-94 14-23/31 Regulating inflammation, angiogenesis, and osteogenesis 

Sr-CS/CPC21 16-21 14 (28 d) 96-98 16-40 Enhancing osteogenesis and angiogenesis 

MPC_SrHPO4
22 – 9 (56 d) 78-85 18-21 – 

TCP-4Sr/CSH23 10-14 13 (56 d) 23-100 5-17 
accelerating the biodegradation rate and new bone 

regeneration 

CS-BG24 4 – – 20-150 improving mineralization of the extracellular matrix 



CSH/Sr-MBG-SG25 4-17 68 (28 d) 75-100 57-96 Inducing apatite deposition 

Csi@HT26 5-9 28 (28 d) – – Stimulating osteogenic potential 

Zn/Sr-CS/CPC27 15-20 17 (28 d) 65-85 32-45 

Stimulating osteogenesis-related genes (ALP, Runx2, COLI, 

OCN, and OPN) and angiogenesis-related genes (VEGF, 

bFGF, and eNOS) 

SrR/PA-MOC28 20-100 20 (28 d) – – Improving the ALP expression and new bone formation 

Mg-Sr-CS29 7-12 11 (28 d) – 14-16 Promoting the in vitro osteogenesis and angiogenesis 

C2S(2P6)C2S/Sr30 – – – – Increasing COLI, Runx2, OCN and ALP expression 

This work 

(40%CMC/SPC) 
66 88 (90 d) 98 50/35 

Supporting mBMSC proliferation and 

osteogenesis differentiation 

Increasing COLI, Runx2, OCN and ALP expression 

Triggering macrophage polarization towards M2 

Inhibiting osteoclast activity 

Promoting new bone formation 

 

 



Table S2. Composition of SBF (1000 mL) used in the apatite mineralization study. 

 NaCl NaHCO3 KCl K2HPO4·3H2O MgCl2·6H2O 1.0 M HCl CaCl2 Na2SO4 Tris HCl 

Amounts 8.035 g 0.355 g 0.225 g 0.231 g 0.311 g 39 mL 0.292 g 0.072 g 6.118 g 0~5 mL 

Purity (%) ≥99.5 ≥99.5 ≥99.5 ≥99.0 ≥98.0 - ≥96.0 ≥99.0 ≥99.5 - 

 

Table S3. Primer sequences for RT-PCR. 

Genes ID Direction Sequences 

GAPDH 14433 
FORWARD 

REVERSE 

GGTTGTCTCCTGCGACTTCA 

TGGTCCAGGGTTTCTTACTCC 

COL1 12842 
FORWARD 

REVERSE 

TAAGGGTCCCCAATGGTGAGA 

GGGTCCCTCGACTCCTACAT 

Runx2 12393 
FORWARD 

REVERSE 

CCTTCAAGGTTGTAGCCCTC 

GGAGTAGTTCTCATCATTCCCG 

OPN 20750 
FORWARD 

REVERSE 

AAACACACAGACTTGAGCATTC 

TTAGGGTCTAGGACTAGCTTGT 

OCN 12096 
FORWARD 

REVERSE 

CAAGCAGGAGGGCAATAAGGTAGTG 

CGGTCTTCAAGCCATACTGGTCTG 

β-Actin 11461 
FORWARD 

REVERSE 

GTGCTATGTTGCTCTAGACTTCG 

ATGCCACAGGATTCCATACC 

iNOS 18126 
FORWARD 

REVERSE 

ACTCAGCCAAGCCCTCACCTAC 

TCCAATCTCTGCCTATCCGTCTCG 

Arg 11846 
FORWARD 

REVERSE 

CATATCTGCCAAAGACATCGTG 

GACATCAAAGCTCAGGTGAATC 

 



 

 

 

 

Table S4. Atomic percentages of different elements for the white rectangular region in Figure 1c. 

Elements CaSO4·2H2O CaSO4·1/2H2O Sr-HA SrSO4 CaHPO4 CMC 

C 13.20 11.53 15.65 48.19 19.91 55.76 

O 60.87 50.57 43.92 30.02 56.17 33.35 

Na 0.22 0.18 - - 0.88 6.13 

P 2.78 6.34 11.10 0.83 11.25 1.99 

S 10.18 12.13 5.06 11.42 0.49 0.41 

Ca 11.98 17.89 9.59 0.26 10.14 1.41 

Sr 0.78 1.36 14.68 9.28 1.16 0.73 
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