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Introduction

Knee osteoarthritis (OA), the most common joint 
pathology of aging and occurs over time, is usually 
related to joint overloading, joint injury, and obesity1. The 
common characteristic of OA is articular cartilage damage, 
accompanied by synovial and subchondral bone lesions2. The 
more serious the degeneration of articular cartilage, the more 
serious the disease would be, which can cause the destruction 
of deep bone, synovitis, osteophytosis, subchondral bone 
hyperplasia and sclerosis, cystic disease3, and can increase 

the secretion of pro-inflammatory factors, thus resulting 
in accelerated degradation of articular cartilage4. The knee 
joint appears repeatedly swelling, pain and rigidity. Patients 
with severe OA may have joint function constraints, which 
seriously affect the quality of life, while long-term treatment 
costs cause a heavy economic burden5. 

At present, drugs and physical therapy for knee OA can only 
alleviate the disease or relieve pain, and cannot effectively 
control the disease progression6,7. Total knee replacement 
may be necessary if joint function continues to degrade to 
the late stage8. To prevent the patient from getting worse, 
and to restore the joint function and reduce the economic 
loss, it is very important to choose an appropriate treatment 
method for the patient.

Arthroscopic debridement, a surgery that can be used 
to treat joints with different degrees of injury and improve 
the limb function of the patients, has the advantages of a 
minimally invasive, quick recovery and little interference to 
the joints, and can effectively delay the degeneration of joint 
function9. Injection of sodium hyaluronate into the articular 
cavity can effectively protect the soft tissue of the joint, 
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lubricate the joints, alleviate the pain of the patients and 
delay the further degeneration of the knee10. Autologous 
bone marrow mesenchymal stem cell (BMSC) is derived from 
autologous bone marrow and can be used in minimally invasive 
surgery for early arthritis11. BMSCs are easy to culture, 
have the capacity for multipotent differentiation,and have 
immunosuppressive activity12, and also plays an important 
role in cell regeneration, and participate in the regeneration, 
repair and inflammatory response of connective tissue13.

Cytokines in human tissues play an important role in 
the development of OA, which can destroy synovium and 
articular cartilage14. IL-6 is a cytokine with many biological 
activities induced by TNF-α15. And IL-6, TNF-α can be found 
in macrophages, fibroblasts, and chondrocytes. Cartilage 
injury can stimulate the secretion of IL-6 and TNF-α16, while 
TNF-α plays an important role in synovitis and promote the 
degradation of the cartilage matrix17.

There is no comparative study on the clinical efficacy 
of arthroscopic debridement with the injection of sodium 
hyaluronate and BMSC transplantation. Therefore, the 
purpose of this study is to investigate the clinical efficacy of 
these two methods in the treatment of patients with knee OA 
and their effects on serum IL-6 and TNF-α, to provide data 
basis for patients to choose proper treatment methods.

Materials and methods

General information

The clinical data of 86 patients with knee joint OA admitted 
in the Shanghai East Hospital Tongji University from March 
2015 to March 2017 were retrospectively analyzed, 
including 35 males and 51 females with an age range of 
60-78 years old. 40 patients treated with intraarticular 

injection of autologous BMSC were the observation group, 
and 46 patients treated with arthroscopic debridement and 
sodium hyaluronate injection were the control group. There 
was no significant difference in the general information 
between the two groups (P>0.05), as shown in Table 1. All 
the patients were diagnosed with knee OA by X-ray, with 
the Kellgren-Lawrance grade of 0-Ⅱ, and had significant 
joint pain and received the first surgical treatment after 
ineffective conservative treatment. All patients with clinical 
data deficiency, malignant tumor, heart, liver and kidney 
insufficiency, severe diabetes mellitus, osteoporosis, gout 
and rheumatic osteoarthritis were excluded from the study. 
This study was approved by the Medical Ethics Committee; all 
patients and their families were informed and signed consent.

Treatment methods

The control group received arthroscopic debridement and 
injection of sodium hyaluronate. Articular cavity exploration 
and bursae suprapatellaris, meniscus, medial and lateral 
condyle of femur, patellar joint, lateral recess and ligaments 
clearance were conducted. Inflammatory synovium was 
flushed and cleaned, hyperplastic osteophyte was repaired 
and supporting ligament was released. 2 ml of sodium 
hyaluronate was injected intraarticularly (Shandong 
Bausch+lomb Fruida Pharmaceutical co., Ltd., SFDA Approval 
No. H10960136) after clearance, once a week for 5 weeks. 

The observation group received autologous BMSC 
transplantation. Preparation of platelet lysate: 400mL of 
venous blood was centrifuged to obtain the supernatant, 
frozen at -20o for half a day, and then stored at -80o for 
reserve. After dissolved in water bath at 37o, the solution was 
centrifuged again to obtain the supernatant; then the platelet 
lysate was prepared. The solution dissolved in a 37o water 

Table 1. Comparison of general information between two groups of patients.

Factor Observation group (n=40) Control group (n=46) t/χ2 P

Age (Years) 67.28±5.35 66.52±6.33 0.596 0.553

Gender 1.664 0.264

Male 12 (30.00) 20 (43.48)

Female 28 (70.00) 26 (56.52)

Disease course (Years) 7.24±2.86 7.13±3.01 0.173 0.863

BMI (kg/m2) 25.27±2.93 25.81±3.01 0.840 0.403

Kellgren-Lawrance Grade 0.834 0.659

0 12 (30.00) 10 (21.74)

I 17 (42.50) 23 (50.00)

Ⅱ 11 (27.50) 13 (28.26)

Living condition 1.565 0.241

Humid 31 (77.50) 30 (65.22)

Normal 9 (22.50) 16 (34.78)

History of joint trauma 0.101 0.827

Yes 23 (57.50) 28 (60.87)

No 17 (42.50) 18 (39.13)
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bath was dispensed by sterile needle tube for use.
BMSC isolation culture: 50 ml of bone marrow was 

extracted from the patient’s posterior superior iliac spine. 
The nucleated cells were isolated by density gradient 
centrifugation, and then the isolated BMSCs were subjected 
to adherent culture and passage, and the cells were dispensed 
at the second passage and stored at -80o for use. 

Injection of BMSC in the knee cavity: frozen BMSCs 
were resuscitated and cultured 3 days before surgery. The 
BMSCs were collected by 0.25% trypsin (Wuhan Hualianke 
Biotechnology Co., Ltd., cat No. TE2004Y) on the day of 
surgery, and centrifuged at 2000rpm for 6 min, then the 
supernatant was discarded and 3 mL of the platelet lysate 
was added for resuspension. A syringe was used to withdraw 
the joint fluid and the needle tube was removed, then the 
BMSC suspension sterile needle tube was inserted into the 
indwelling needle and slowly injected into the articular cavity. 
Pull out the needle and press the needle hole for 5 min, prone 
for 30 min and move the knee joint 8-10 times every 5 min, a 
total of 3 courses of treatment, with an interval of one month. 
And each course of treatment was divided into three steps, 3 
mL of platelet lysate was injected on the 1st day of surgery, 3 
mL of BMSC suspension was injected on the 4th day.

Postoperative care: Patients with no swelling pain, 
no abnormal blood routine, liver and kidney function 
discharged. After discharge from the hospital, patients 
avoided strenuous exercise and had bed rest, proper 
knee and muscle function training, regular blood routine 
monitoring, liver and kidney function exams and treatment 
according to doctor’s advice. Once adverse reactions 
occurred, treatment stopped immediately.

Observation index

The patients in both groups were followed up for 
12 months after treatment, the clinical efficacy in the 
two groups was evaluated by The Lysholm Knee Scale 
(Lysholm), Visual analog scale (VAS) and total effective 
rate, and the expression level of serum TNF-α and IL-6 
before and after treatment was detected by ELISA. Lysholm 
was used to evaluate the recovery of the patients. VAS 
was used to evaluate the degree of pain. WOMAC was 
used to access the effective number of patients: Patients 
with a WOMAC score of 0 and no clinical symptoms were 
considered cured; Patients with a decreased WOMAC score 

of 1-2 compared with that before treatment and mild clinical 
symptoms were considered significantly effective; Patients 
with a decreased WOMAC score compared with that before 
treatment and a remission were considered effective; 
Patients with an unchanged WOMAC score compared with 
that before treatment and unchanged or aggravated clinical 
symptoms were considered ineffective. Total effective rate 
was calculated as (number of cured + significantly effective 
+ effective) / total number of patients.

Determination of serum TNF- α and IL-6 levels in two groups 
of patients

1mL of articular fluid was obtained before, 6 months, 12 
months after treatment, respectively and centrifuged at 

Table 2. Lysholm score of patients in both groups before and after treatment.

Group Before surgery 6 months after surgery 12 months after surgery F P

Observation group 
(n=40)

42.76±6.13 83.55±6.52* 92.34±4.67*# 824.200 0.000

Control group (n=46) 43.37±7.31 79.76±5.16* 77.23±6.41*# 470.300 0.000

t 0.416 3.006 12.330

P 0.679 0.004 0.000

Note: * compared with before surgery, P<0.05; #compared with 6 months after surgery, P<0.05.

Figure 1. Lysholm score of patients in both groups before and 
after treatment. Results showed that the Lysholm score in the 
observation group was significantly higher than that in the control 
group at 6 months and 12 months after surgery, the difference 
was statistically significant (P<0.05). The Lysholm score in the 
observation group and the control group at 6 and 12 months after 
surgery was significantly higher than that before surgery, and 
the Lysholm score at 12 months after surgery was significantly 
higher than that at 6 months after surgery, the difference was 
statistically significant (P<0.05). &, P<0.05, *compared with that 
before surgery, P<0.05; #compared with that 6 months after 
surgery, P<0.05.
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3000rpm for 8 min. The level of serum TNF-α (Shanghai 
Jingkang Bioengineering Co., Ltd., cat no. JK-(a)-0016) 
and IL-6 (Shanghai Jingkang Bioengineering Co., Ltd., cat 
no. JK-(a)-0023) was detected by ELISA, and OD value at 
wavelength of 450 nm was determined. The operation was 
carried out strictly according to the instruction.

Statistical analysis

SPSS 20.0 statistical software (Shanghai Cabit 
Information Technology Co., Ltd.) was used for analysis. Chi-
square test was used for counting data, t-test was used for 
measurement data, and repeated measures ANOVA was used 
for comparison of intragroup before and after treatment. Any 
finding of P<0.05 was considered statistically significant.

Results

Lysholm score of patients in both groups before and after 
treatment

There was no significant difference in Lysholm score 
between the two groups before surgery (P>0.05), while the 
Lysholm score in the observation group was significantly 
higher than that in the control group at 6 months and 12 
months after surgery (P<0. 05). The Lysholm score in the two 
groups before and after surgery was statistically significant 
(P<0.001). The Lysholm score in the observation group 
and the control group at 6 and 12 months after surgery 
was significantly higher than that before surgery, and the 
Lysholm score at 12 months after surgery was significantly 
higher than that at 6 months after surgery, the difference 
was statistically significant (P<0.05) (Figure 1, Table 2).

VAS score of patients in both groups before and after 
treatment

There was no significant difference in VAS score between 
the two groups before surgery (P>0.05), while the VAS 
score in the observation group was significantly lower than 
that in the control group at 6 months and 12 months after 
surgery (P<0.05). The VAS score in the two groups before 
and after surgery was statistically significant (P<0.001). The 
VAS score in the observation group and the control group at 
6 and 12 months after surgery was significantly lower than 
that before surgery, there was no significant difference in 
VAS score between 12 months and 6 months after surgery 

in the observation group (P>0.05), and the VAS score at 12 
months after surgery was significantly higher than that at 6 
months after surgery in the control group, the difference was 
statistically significant (P<0.05) (Figure 2, Table 3).

Comparison of the total effective rate between the two groups

In the observation group, there was 1 case of cure, 14 
cases of significantly effective, 13 cases of effective, 12 cases 
of ineffective; In the control group, there was 0 case of cure, 
4 cases of significantly effective, 17 cases of effective, 25 
cases of ineffective. The total effective rate in the observation 
group (70.00%) was significantly higher than that in the 
control group (45.65%), and the difference was statistically 
significant (P<0.05) (Table 4).

Table 3. VAS score of patients in both groups before and after treatment.

Group Before surgery 6 months after surgery 12 months after surgery F P

Observation group (n=40) 6.76±0.57 2.43±0.78* 2.61±0.83* 443.900 0.000

Control group (n=46) 6.65±1.24 3.76±0.86* 4.25±1.12*# 93.470 0.000

t 0.515 7.468 7.617

P 0.608 0.000 0.000

Note: * compared with before surgery, P<0.05; #compared with 6 months after surgery, P<0.05.

Figure 2. VAS score of patients in both groups before and after 
treatment. Results showed that the VAS score in the observation 
group was significantly lower than that in the control group 
at 6 months and 12 months after surgery, the difference was 
statistically significant (P<0.05). The VAS score in the observation 
group and the control group at 6 and 12 months after surgery 
was significantly lower than that before surgery (P>0.05), and 
the VAS score at 12 months after surgery was significantly 
higher than that at 6 months after surgery in the control group, 
the difference was statistically significant (P<0.05). &,P<0.05, 
*compared with that before surgery, P<0.05; #compared with 
that 6 months after surgery, P<0.05.



132http://www.ismni.org

J. Li et al.: Efficacy of autologous BMSC in knee OA and their effects on serum TNF- α and IL-6

Table 4. Comparison of the total effective rate between the two groups.

Group Cure Significantly effective Effective Ineffective Total effective rate

Observation group (n=40) 1(2.50) 14(35.00) 13(32.50) 12(30.00) 28(70.00)

Control group (n=46) 0 4(8.70) 17(36.95) 25(54.35) 21(45.65)

χ2 - - - - 5.174

P - - - - 0.030

Figure 3. Expression level of serum TNF-α and IL-6 of patients in the two groups before and after treatment. Results of ELISA showed that, 
A: The expression of TNF-α in the observation group was significantly lower than that in the control group at 6 months and 12 months 
after surgery, the difference was statistically significant (P<0.05). The expression of TNF-α in the observation group and the control 
group at 6 and 12 months after surgery was significantly lower than that before surgery, and the expression at 12 months after surgery 
was significantly lower than that at 6 months after surgery, the difference was statistically significant (P<0.05). B: The expression of IL-6 
in the observation group was significantly lower than that in the control group at 6 months and 12 months after surgery, the difference 
was statistically significant (P<0.05). The expression of IL-6 in the observation group and the control group at 6 and 12 months after 
surgery was significantly lower than that before surgery, and the expression at 12 months after surgery was significantly lower than that 
at 6 months after surgery, the difference was statistically significant (P<0.05). &, P<0.05, *compared with that before surgery, P<0.05; 
#compared with that 6 months after surgery, P<0.05.
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Expression level of serum TNF-α and IL-6 of patients in the 
two groups before and after treatment

There was no significant difference in the expression of 
TNF-α and IL-6 between the two groups before surgery 
(P>0.05), while the expression of TNF-α and IL-6 in the 
observation group was significantly lower than that 
in the control group at 6 months and 12 months after 
surgery (P<0.05). The expression of TNF-α and IL-6 in 
the two groups before and after surgery was statistically 
significant (P<0.001). The expression of TNF-α and IL-6 in 
the observation group and the control group at 6 and 12 
months after surgery was significantly lower than that before 
surgery, and the expression at 12 months after surgery was 
significantly lower than that at 6 months after surgery, the 
difference was statistically significant (P<0.05) (Figure 3, 
Tables 5 and 6).

Discussion 

OA is one of the most frequent and highly devastating joint 
disease, with approximately 355 million patients worldwide 
(18) and approximately 8.5 million patients in the UK19. 
According to the statistics in 2004, among people aged 
over 60 years, the prevalence of symptomatic OA was 9.6% 
in males and 18% in females20. Studies of Garay21 et al. 
showed that knee pain and quality of life were significantly 
improved in patients treated with BMSC. Yamasaki22 
showed that transplantation of BMSC into rabbit articular 
cartilage defect could regenerate cartilage tissue. The BMSC 
transplantation in human could alleviate clinical symptoms of 
cartilage defect of knee joint and elbow joint. According to 

Li23, arthroscopic debridement combined with intraarticular 
injection of sodium hyaluronate could significantly improve 
the Lysholm score in patients with knee OA. Moreover, the 
study results of Sun24 showed that arthroscopic debridement 
combined with intraarticular injection of sodium hyaluronate 
in the treatment of knee OA could significantly improve the 
symptoms of knee joint pain, facilitate the recovery of knee 
joint function, and have fewer complications.

The results showed that the Lysholm score in the 
observation group and the control group increased gradually, 
but the score of the patients in the observation group was 
significantly higher than that in the control group at 6 months 
and 12 months after operation (P<0.05), suggesting that the 
patients in both groups had different degrees of recovery and 
alleviated clinical symptoms after surgery, but the recovery 
of OA patients who underwent BMSC transplantation 
was better. The VAS score in the observation group was 
significantly lower than that in the control group at 6 months 
and 12 months after surgery (P<0.05). The VAS score in the 
observation group and the control group at 6 and 12 months 
after surgery was significantly lower than that before surgery, 
there was no significant difference in VAS score between 12 
months and 6 months after surgery in the observation group 
(P>0.05), and the VAS score at 12 months after surgery was 
significantly higher than that at 6 months after surgery in 
the control group (P<0.05). These results showed that the 
pain was relieved in patients of both groups, but the pain of 
OA patients treated with sodium hyaluronate injection after 
debridement increased 12 months after surgery, which 
indicated a unstable therapeutic effect. The total effective 
rate in the observation group (70.00%) was significantly 
higher than that in the control group (45.65%) (P<0.05). 

Table 5. Expression level of serum TNF-α of patients in the two groups before and after treatment (pg/mL).

Group Before surgery 6 months after surgery 12 months after surgery F P

Observation group (n=40) 815.48±52.31 624.23±31.85* 505.75±12.34*# 750.900 0.000

Control group (n=46) 816.52±53.28 690.56±38.24* 573.26±28.63*# 398.900 0.000

t 0.091 8.663 13.83

P 0.928 0.000 0.000

Note: * compared with before surgery, P<0.05; #compared with 6 months after surgery, P<0.05.

Table 6. Expression level of serum IL-6 of patients in the two groups before and after treatment (pg/mL). 

Group Before surgery 6 months after surgery 12 months after surgery F P

Observation group (n=40) 658.26±65.23 506.52±48.77* 411.34±26.75*# 253.200 0.000

Control group (n=46) 663.64±67.58 537.85±49.63* 446.13±29.51*# 208.300 0.000

t 0.374 2.944 5.694

P 0.709 0.004 0.000

Note: * compared with before surgery, P<0.05; #compared with 6 months after surgery, P<0.05.
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Based on the results of Lysholm, VAS and total effective 
rate, the clinical efficacy of BMSC transplantation is better 
than that of arthroscopic debridement in the treatment of 
knee OA. It is speculated that OA is caused by the deficiency 
and degeneration of repairability of mesenchymal stem cells 
because of their inactivation25. And as the reduced number 
of mesenchymal stem cells in patients with OA, the ability 
of proliferation and differentiation is weakened26. Therefore, 
the way to repair cartilage and inhibit cartilage degeneration 
is to provide a certain number of active mesenchymal stem 
cells27. Studies have also shown that mesenchymal stem 
cells can repair damaged articular cartilage because they 
can secrete a variety of cytokines and growth factors with 
paracrine and autocrine activity, which can inhibit local 
immune system, inhibit fibrosis and apoptosis, increase 
angiogenesis, and stimulate intrinsic repair of tissue or 
mitosis and differentiation of stem cells28,29. 

There was no significant difference in the expression of 
TNF-α and IL-6 between the two groups before surgery 
(P>0.05). The expression of TNF-α and IL-6 in the observation 
group and the control group decreased continuously at 6 
months and 12 months after operation, while the expression 
in the observation group was significantly lower than that in 
the control group at that time (P<0.05). Studies of Kaneko30 
et al. have shown that IL-6 is highly expressed in serum 
and synovial fluid of patients with knee arthritis. Min31 et al 
have found that TNF-α is an independent predictor of severe 
knee OA. However, it has been reported that mesenchymal 
stem cells may act as cell sentinels for inflammation and 
tissue damage, responding by secreting excessive signaling 
molecules that may also contribute to tissue repair, including 
cytokines such as TNF-α and IL-6, growth factors and 
chemokines32,33. All these studies suggest that mesenchymal 
stem cells can regulate inflammatory response by secreting 
active substances or inhibiting endogenous cell growth 
factors from providing tissue regeneration environment.

In conclusion, the Lysholm score and total effective rate of 
knee OA patients underwent BMSC transplantation were better 
than that of joint debridement, while the VAS score was lower 
than joint debridement. Meanwhile, BMSC transplantation can 
reduce postoperative inflammatory reactions.
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