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Abstract. – OBJECTIVE: To assess the effec-
tiveness of bone mesenchymal stem cells (BM-
SCs) in the induction of interbody fusion.

PATIENTS AND METHODS: The 3rd genera-
tion BMSCs were seeded on collagen sponge 
scaffold and cultured in osteoblast induction 
medium for 3 weeks to prepare cell-scaffold 
complex. Thirty patients were randomly divid-
ed into three groups to establish the L4/L5 in-
terbody fusion model. The cell-scaffold com-
plex was implanted in the intervertebral space 
in group I, the collagen sponge scaffold was im-
planted in group II, and the autologous iliac crest 
spongy bone was implanted in group III. Palpa-
tion, radiography, micro-CT, and histology were 
performed on the 12th weeks after operation to 
evaluate osteogenesis and spinal fusion.

RESULTS: BMSCs differentiated into osteo-
blasts in the cell-scaffold complex after osteo-
genic induction for 3 weeks. The spinal fusion 
rates in group I, II, and III were 40%, 0%, and 
70%, respectively. Micro-CT and histological ex-
amination showed mature bone marrow and tra-
becular bone formation in the fusion segments. 
The new bone was integrated with the upper 
and lower vertebral body. The bone trabecula in 
group III was stronger than group I. The surgical 
segments in group II was scar tissue without col-
lagen sponge residue. 

CONCLUSIONS: BMSCs can induce osseous 
fusion in the lumbar vertebra. 
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Introduction

In recent years, bone tissue engineering has 
been introduced into the study of spinal fusion. 
Seed cells with good biological characteristics and 
appropriate scaffold materials are the prerequisi-
tes to obtain ideal tissue-engineered bone. Based 
on the in-depth investigation on stem cells, it was 

found that stem cells served as a new choice of tis-
sue-engineered seed cells. BMSCs are particular-
ly well-researched among applicable bone-tissue 
engineered seed cells1,2. It was observed that new 
bone formed and transverse process fused on the 
12th weeks after the implantation of BMSCs and 
scaffolds in the transverse process3. Previous stu-
dies indicated that new bone formed in the defect 
area tested by imaging and histology on the 8th 
weeks after osteoinduced BMSCs composite col-
lagen sponge implanted in the model of patients 
with vertebral plate4. Thus, we seeded BMSCs in 
the collagen sponge scaffold and implanted them 
into the defect of L4/L5 interbody fusion model 
after three weeks’ osteogenic induction. Osteoge-
nesis and interbody fusion were assessed based 
on palpation, imaging, and histology.

Patients and Methods

BMSCs Separation and Cultivation
BMSCs were isolated and cultured as described 

by Dong et al5. Briefly, the patients were sacrificed 
by ear vein occlusion and immersion sterilized at 
a volume fraction of 75% ethanol for 10 min. The 
bilateral femurs were taken out and the attached 
soft tissues were removed. A 5 ml syringe contai-
ning 2 ml heparin was used to flush out the con-
tents of the medullary canal to prepare single cell 
suspension. The obtained single cell suspension 
was centrifuged at 2000 g for 20 min after adding 
the same amount of separation liquid. The middle 
cell layer was washed with Dulbecco’s Modified 
Eagle’s medium (DMEM) medium (Sigma-Aldri-
ch, St. Louis, MO, USA) and centrifuged at 1000 
g for 5 min. Next, the sediment was added with 
cell medium containing 10% fetal bovine serum 
(FBS, Thermo Fisher Scientific, Waltham, MA, 
USA), 100 U/ml penicillin, and 100 µg/ml strep-
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tomycin (Sigma-Aldrich, St. Louis, MO, USA), 
which was seeded in culture flask at a density of 
105/cm2 and cultured at 37°C, 5% CO2, and 95% 
humidity. The medium was changed after 48 h. 
The primary monolayer cells were passaged at a 
ratio of 1:2 at 70-80% confluence6. All procedures 
were approved by the Animal Ethics Committee 
of Jining No. 1 People’s Hospital.

Collagen Sponge Scaffold Preparation 
and Cell Implantation

The sterile collagen sponge scaffold (purcha-
sed from Beijing Yilikang Bioengineering De-
velopment Center, Beijing, China) was cut into 
circular shapes with a diameter of 10 mm, unifor-
mly pressed to a thickness of 2 mm, and placed in 
medium (without fetal calf serum) for 24 h. Then, 
it was placed in a 24-well plate after drying and 
0.3 ml solution with 1 × 108/mL of P3 BMSCs 
cell suspension. After 2 h incubation, the same 
operation was repeated on the reverse side of the 
scaffold by adding with 0.4 ml complete medium7.

Osteoinductive Culture 
and Identification

After 24 h, the complete medium was chan-
ged to a medium containing osteogenic agent 
(1 mmol/L sodium β-glycerophosphate, 1 × 10-8 
mol/L dexamethasone, and 50 mg/L vitamin 
C, concentrations of 1 mmol/L) (Roche, Basel, 
Switzerland) for 3 weeks of culture. Cell-col-
lagen sponge was fixed with 3% glutaraldehyde 
solution and washed with PBS solution for three 
times. The sample was immersed in isopentyl 
acetate after dehydration by gradient alcohol (30-
100%). After that, the sample was frozen at -12°C 
and coated by gold particles to observe cells and 
collagen sponge compound growth upon scanning 
electron microscopy. Conventional HE staining 
was performed for observation and photography. 

Cell-Scaffold Complex Alkaline 
Phosphatase Staining

Cell scaffold complex was washed by PBS twi-
ce and fixed by 40 g/L paraformaldehyde for 30 
min. The detection was performed according to 
the manual and observed under the microscope. 

Alizarin Red Staining
Cells scaffold complex was washed for 2 times 

and fixed in 95% ethanol for 30 min. Next, the 
specimen was stained with alizarin red dye for 3 
to 5 min. At last, the specimen was washed by 
acetone and acetone/xylene (volume ratio 1:1) and 

observed under the microscope. Trypan blue stai-
ning (Solarbio, Beijing, China) was used to esti-
mate the number of viable cells on the scaffold8.

Model Establishment 
and Transplantation

Thirty patients were randomly divided into 
three groups (I, II, and III). The subjects were 
anesthetized by intraperitoneal injection of 20% 
Uralose (1200 mg/kg). During operation, the ven-
tral was bolstered by -45° beveled wedge-shaped 
soft board for manipulation facility. A 2 cm in-
cision was made at 1 cm of the lateral transverse 
process parallel to the transverse process. All the 
operations were carried out around the fifth tran-
sverse process of the right side. L4/L5 interver-
tebral space and 1/2 of L4 and L5 vertebral body 
were exposed. The anterior L4/L5 intervertebral 
disc was pressed by the cannula (ID = 11 mm) 
and a 5 mm deep round defect was created using 
a flathead drill (diameter = 10 mm). After blee-
ding was stopped by dry gauze packing, different 
materials were implanted. The cell-scaffold com-
plex was implanted in the intervertebral space 
in group I, the collagen sponge scaffold was im-
planted in group II, and the autologous iliac crest 
spongy bone was implanted in group III. In group 
I, the cell-scaffold complex was washed by PBS 
for three times and three complexes were implan-
ted to each subject. In group II, the collagen spon-
ge scaffold was immersed in complete medium 
for 24 h and washed by PBS for three times be-
fore implantation. A 6 mm × 8 mm spongy bone 
from the right iliac was cut into 1 mm3 and im-
planted. The graft was put at the place 1 mm hi-
gher than the anterior edge of centrum. Next, the 
groove was covered by gelatin sponge. At last, the 
incision was sutured and penicillin was injected 
to prevent infection. A 6 mm × 8 mm spongy 
bone was also extracted from the right iliac of the 
subjects in group I and II9. All the enrolled objects 
have signed informed consent

X-Ray Examination
Segments were performed on the anteroposte-

rior plane by dual energy X-ray absorptiometry 
using a densitometer (QDR Discovery, Hologic, 
Bedford, MA, USA) operating at high-resolution 
mode10.

Palpation
In the surgical plane, the supraspinal ligament 

and interspinous ligament were cut off. Two sur-
geons evaluated and scored the integration during 
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surgical stages. The evaluation included abdomi-
nal flexion, dorsiflexion, lateral flexion, and tor-
sion tests. In accordance with the evaluation cri-
teria, no false joint activity was defined as fusion 
success11.

Micro-CT Examination
One-half of the upper and lower vertebral bo-

dies were scanned by Micro-CT (thickness 48 
μm) and reconstructed (thickness 16 μm) to eva-
luate the fused segment12.

Histological Examination
The obtained specimens were fixed in 4% pa-

raformaldehyde solution (pH7.2) for 2 weeks and 
decalcificated by 10% EDTA for about 6 weeks. 
Next, the specimen was sliced for 5 μm thickness 
and stained by HE for observation13.

Statistical Analysis
All data analyses were performed on SPSS 

20.0 software (IBM, Armonk, NY, USA) and the 
measurement data were compared by the t-test. p 
< 0.05 was considered as statistical significance.

Results

Osteogenesis Induction 
and Identification

Through inverted microscope, we found that 
the number of cells in the stent surface was incre-
ased as the induction time extended. Moreover, 
the cell shape gradually transformed from spin-
dle shape into polygons, and some cells migrated 

to the scaffold pores. Data of scanning electron 
microscopy showed that cell clusters attached to 
the surface of the collagen sponge after 3 weeks 
cultivation (Figure 1). The cells were in polygon 
shape and shingles arranged. Some cells migrated 
into the scaffold pores, and calcium nodules could 
be observed on the scaffold surface. HE staining 
result revealed that numerous polygonal and spin-
dle-shaped cells in the pores of scaffolds and 
were connected into network (Figure 2). Alkaline 
phosphatase staining data showed no blue-violet 
particles in the cells on the scaffold as strongly 
positive (Figure 3). By alizarin red staining, our 
study demonstrated flaky red nodules located in 
the out of cytoplasm (Figure 4).

X-Ray Examination and Palpation
No kyphosis or deformity was found by X ray 

examination on 12 weeks after surgery. 4 segmen-
ts were found fusions in group I (40%), 7 segmen-
ts were fused in group III (70%), but no obvious 
new bone formation was observed in group II. 
Palpation demonstrated that the fusion rates of the 
three groups were 40% in group I, 0% in group II, 
and 70% in group III. Bone fusion exhibited in the 
intervertebral bone, with mature bone, clear tra-
becular bone and marrow cavity. The integration 
between the new bone and vertebral body was 
also presented. The fused intervertebral trabecu-
lar in group III was thicker and denser than that 
in group I. New bone formation was also found 
in the unfused intervertebral space in group I and 
III. There was soft tissue filling between the new 
bone or between the new bone and the vertebral 

Figure 1. Scanning electron microscopy showed collagen 
sponge after 3 weeks’ osteogenesis. 

Figure 2. HE staining showed collagen sponge scaffold 
after 3 weeks’ osteogenesis. 
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body. However, no new bone was formed in the 
group II. Histological examinations were basical-
ly the same as the results of micro-CT. Mature 
neo-bone was found in the fusion segments in 
group I and group III. The bone tissue in group 
III was more mature compared with that in group 
I, which showed integrated vertebral bodies and a 
small amount of new bone formation in the unfu-
sed disc space. The defects in group II were filled 
with collagen tissue, whereas new bone formation 
was shown. Also, no collagen sponge residue was 
found in all segments (Table I).

Discussion

Clinically, the mechanism of spine fusion and 
its complications receive more in-depth under-
standing, and the corresponding patient model is 
more widely used in spine surgery12. Meanwhile, 
recent researches confirmed that spinal fusion mo-
del is of great significance in the evaluation of the 
role of tissue engineering and gene therapy. In the 
investigation of spinal fusion, the researchers also 
used a variety of different experimental patient 
models and for different fusion sites and types13. 
For example, the in vivo model used in anterior 
interbody fusion varies from rodent to primate 
rhesus monkeys. Mouse is the most commonly 
used experimental subjects at present. However, 
the limitation still exists that spine and vertebral 
body of mice was smaller, which was difficult to 
adopt fixation between the vertebral bodies. Addi-
tionally, the spontaneous fusion occurs after disc 
resection14. This study used forstner bit to open 
the bone groove, so as to solve the problem of 
operational difficulties and spontaneous fusion in 
the mouse model15. Our results showed that there 
was no interbody fusion in the blank group, which 
confirmed that the experimental methods used in 
this study presented no drawbacks of spontaneous 
fusion. Moreover, no significant deformity was 
found in the bony fusion site and the surgical site, 
suggesting that the operation used in this study 
would not disrupt the stability of the spine16. The 

above results demonstrate that collagen sponge 
composite bone marrow mesenchymal stem cells 
induce interbody fusion model, which is of great 
significance to the exploration of anterior interbo-
dy fusion, especially in the cytokines, cells, and 
genes to promote interbody fusion17. However, in 
the autologous bone group and the experimental 
group, some of the bone formed segments fai-
led to fuse, which may be caused by the unrigid 
fixation of the surgical segment, thus limiting the 
further formation of the bone and the interbody 
fusion17. BMSCs composite calcium phosphate 
ceramics was applied in the lumbar posterolate-
ral fusion test of patients and evaluated the ef-
fects by manual palpation, CT, and histological 
methods18. The results showed that the spinal fu-

Figure 3. Alkaline phosphatase staining showed negative 
cell response after 3 weeks’ osteogenesis.

Table I. X-ray examination on the 12th week after operation 
(n, %).

Group	 Bone fusion (n)	 Fusion rate (%)

Group I	 10	 40
Group II	 0	 0
Group III	 7	 70

Figure 4. Alizarin red staining showed calcium deposition 
after 3 weeks’ osteogenesis. 
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sion rate was much higher than that of autologous 
bone transplant group. In a comparative study19, 
it was found that the fusion rate of BMSCs com-
posite hydroxyapatite was 80% and that of pure 
hydroxyapatite was only 40%. In another compa-
rative study20, it was revealed that the fusion rate 
of the posterior lateral fusion with BMSCs was 
only 33%, and the fusion rate after differentiation 
was increased to 80%. Histology demonstrated 
that the trabecular bone of the latter was signifi-
cantly thicker than the former intervertebral disc.

Conclusions

We demonstrated that collagen sponge compos-
ite BMSCs induced osseous fusion in the lumbar 
vertebra, which is worthy of clinical popularization. 
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