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[Abstract] Exogenous (human or mouse) mesenchymal stem cells (MSCs) seed in HA scaffold and 

transplant subcutaneously in immunodeficient mice, the cells can finally form bone tissues in the in 

vivo environment. This protocol describes how to get heterotopic bone formation in mice by 

mesenchymal stem cells (MSCs) in hydroxyapatite (HA) scaffolds. This is a simple and robust 

approach to detect the bone formation by tissue engineering approaches in vivo, and it also fits for 

examining the roles of different factors in bone formation. 

 

Materials and Reagents 

 

1. Human or mouse mesenchymal stem cells (cultured, treated or transfected)  

Note: If using the primary bone marrow stem cells (attached cells from bone marrow culturing), 

it’s better to use cells in low passages (not over passage 3); if using MSC cell lines, it’s also 

better to use low passages than high passages.  

2. Mice [NOD.CB17-Prkdc<scid>/J mice (NOD/SCID), around 8 weeks old] 

3. Hydroxyapatite/tricalcium phosphate (HA/TCP) (Zimmer, catalog number: 60-130) 

4. 4% paraformaldehyde  

5. Hematoxylin/Eosin (H&E) staining solution 

6. Formic acid solution (see Recipes) 

 

Equipment 

 

1. 1 ml syringes  

2. Cotton sticks (Pro-Ophtha) 

3. Scalpels 

4. Racks (for fixing the syringes in vertical position in cell incubator) 

5. Tools for mouse surgery (scalpel, forceps, needle holder, scissors, sutures, sterile swabs, 

sterile drapes) 

6. Scan microscopy (Leica Microsystems or any scan microscopy) 

7. Computer (with image analysis software, such as ImageJ® or Photoshop CS®) 
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Software 

 

1. ImageJ® or Photoshop CS® 

 

Procedure 

 

A. Prepare the implants (stromal stem cells with HA/TCP scaffolds) 

1. Take the 1 ml syringes, cut off the tips with a scalpel and let the syringe tip side open, but 

keep the piston inside as it is. 

2. Weight 40 mg hydroxyapatite (HA/TCP) and transfer into each syringe.  

3. Put a cut cotton stick to close the open side of the syringe. 

4. Autoclave the syringes with hydroxyapatite (HA/TCP). 

5. Take the sterilized syringes and HA/TCP back to cell culture room. Place syringes in a rack 

(syringes must be kept vertical). 

6. Open the syringes, add 100 µl 10% FBS MEM medium to each HA/TCP scaffold. Mix by 1 ml 

tip up and down pipetting to wet the HA/TCP thoroughly. 

7. MSC cells (treated or transfected) are trypsinized and counted. 

8. 5 x 105 cells in 200 µl medium are transferred into HA/TCP in the syringe. 

9. Mix thoroughly but gently by 1 ml tip up and down pipetting. 

10. Place racks with syringes in the incubator, 37 °C, 5% CO2, overnight (see in Figure 1). 

 

 
Figure 1. Racks with syringes 
 

11. Next day, bring the transplant cells in the HA/TCP into the animal room. Ready for transplant 

cells subcutaneously in mice. 

 

B. Implantation in mice 

1. NOD/SCID mice, feed in sterilized animal room, around 8 weeks old. Each mouse can hold 

four implants in four positions (right-front, left-front, right-back, left-back).  

Note: In order to avoid variation induced by individual mice or implantation position, suggest 

that in each mouse, with the control and experiment group; in each position, randomly implant 

the different treated samples. 

2. Anaesthesia the mice using the general protocol. Let the mice lay relax with the back upside 

(see in Figure 2A). 
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3. Shaving the fur of mice at middle of back, at one side of spine. Ethanol sterilizes the skin at 

the shaved area. Let it dry for a while (see in Figure 2B). 

4. Cut a 1-1.5 cm gap in the skin (see in Figure 2C).  

5. Push the piston of the syringe with cells inside, to get rid of the extra medium upper the 

implant.  

6. Insert the 1 ml syringe with cells in HA/TCP into the cut gap in the skin. Go 1.5 cm forward 

under the skin to the front position from the cut gap to reach the front implantation position 

(see in Figure 2D-E). 

7. Push the piston of syringe and let the implant (HA/TCP with cells) out, settle implant at the 

position under the skin (see in Figure 2E). 

8. Slowly drag the syringe out, discard it (see in Figure 2F). 

9. Repeat the same step using another implant, this time let the syringe insert 1.5 cm back 

under the skin to the back position from the cut gap to reach the back implantation position. 

10. After both front and back implants done, suture the cut over the skin (see in Figure 2G). 

11. Do the same on the other side of spine on the back of the mouse (see in Figure 2H). 

 

 
Figure 2. Implantation in mice 

 

12. Continue till all the implants put into mice. 

13. Keep the mice warm and under-watch in watch room overnight. 

14. Then transfer mice into the regular feeding room (sterilized animal room). 

15. Wait for 8 weeks till the bone formation in the implants. 

 

C. Fixing, embedding and H&E staining of implants 

1. Sacrifice the mice, take out each implant from each position, directly fix in 4% 

paraformaldehyde overnight. 

2. Discard the paraformaldehyde, decalcified implant in formic acid for 3 days at 4 °C, then keep 

in PBS at 4 °C. 

3. Embed the implants in paraffin using the general protocol.  

4. Cut each implant into sections (4-µm), at least three sections at different three positions of the 

implant. 
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5. Stain all the sections with H&E Y using the general protocol. 

 

D. Scan the sections under microscopy  

1. Take the section staining slides to the microscopy room. 

2. Scan each section (the whole section) under microscopy. 

3. Save the scanned pictures in disk. 

 

E. Analyze the bone formation volume by image analysis software 

1. Open each section scan picture in Photoshop or other image analysis software. The bone 

formation area stains as red (pink), the HA/TCP scaffolds stain as dark brown, non-

differentiated MSCs show as blue spots.  

2. Pick all the red areas (bone tissue) in the section by proper tool (such as ‘magic pen’ in the 

Adobe Photoshop), read out the size (pixels) of the whole red (pink) area. Then pick the 

whole section area, read out the size (pixels) of the whole implant section area. Calculate 

bone formation ratio in each section as: 

Bone volume (Bv) = Red area size/Whole section size 

 

 
Figure 3. Scanned section 

 

3. Do the same analysis for all the staining sections for each implant.  

4. Put all the data together in the excel sheet, calculate the mean, standard variation, and 

perform proper statistic analysis to compare the difference between different groups. 

 

Notes 

 

1. Mouse MSC can always reach the bone formation ratio 15-30%; while human MSC always 

has 5-12% bone formation ratio. 

 

Recipes 

 

1. Formic acid solution 

0.4 M formic acid 

0.5 M sodium formate 
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