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ABSTRACT. Knee osteoarthritis (KOA) is a common degenerative 
joint disease and immune system dysregulation has been implicated in 
its pathogenesis. The effect of arthroscopic knee surgery, an important 
method for KOA diagnosis and treatment, on the expression of immune 
regulators remains poorly understood. We aimed to investigate the 
clinical efficacy of such surgery and its impact on IL-1β, CXCL13, 
and TNF-α expression in the knee joint synovial fluid of osteoarthritis 
patients. Fifty-seven patients having undergone arthroscopic knee 
surgery in our hospital were included. Visual analog scale (VAS) and 
Lysholm scores were recorded before surgery, and knee joint synovial 
fluid was collected during the procedure. According to Outerbridge 
cartilage damage score (grade 0, 1, 2, 3, or 4), patients were divided 
into five groups. In addition, VAS and Lysholm scores were recorded 
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and knee joint synovial fluid was collected after a six-month follow-
up period. Expression of IL-1β, CXCL13, and TNF-α in synovial fluid 
samples was then measured. In each group, levels of these molecules 
and VAS and Lysholm scores were significantly lower after surgery (P 
< 0.05). IL-1β, CXCL13, and TNF-α levels were significantly elevated 
in patients with higher cartilage damage scores compared to those with 
lower scores. Arthroscopic knee surgery can reduce IL-1β, CXCL13, 
and TNF-α levels in the knee joint synovial fluid of osteoarthritis 
patients. Moreover, reduced presence of these molecules correlates 
with clinical improvement of this condition. Therefore, reduction in IL-
1β, CXCL13, and TNF-α expression might be used as a factor for long-
term osteoarthritis prognosis.

Key words: Arthroscopic knee surgery; Knee joint synovial fluid; 
Osteoarthritis; IL-1β; CXCL13; TNF-α

INTRODUCTION

Knee osteoarthritis (KOA) is a common degenerative joint disease whose incidence 
is increasing. Epidemiological investigations have estimated its prevalence to be 66% (Al-
Hadithy et al., 2011), and more men are diagnosed with this condition than women (Mine et 
al., 2012). The etiology and pathogenesis of KOA have become popular research topics in 
recent years; however, the events involved in its development remain unclear. The influence of 
immune system dysfunction in the occurrence and development of KOA is currently receiving 
increasing attention (McAlindon et al., 2012; Katz et al., 2013).

Interleukin-1α (IL-1α) and IL-1β play a role in KOA pathogenesis. Under normal 
conditions, chondrocytes produce only small amounts of IL-1β, but higher levels may be 
generated following development of KOA. Previous studies have shown that increased IL-1α 
and IL-1β levels are found in not only cartilage and chondrocytes, but also in cartilaginous 
matrix in patients with KOA. Moreover, Yang et al. (2015) established that the concentration 
of IL-1β in synovial fluid is significantly higher in KOA patients than healthy controls, 
suggesting that synovial fluid IL-1β levels can be used to evaluate the severity of KOA and 
might be used as a novel indicator for the diagnosis and treatment of this condition.

Exogenous infection of genetically susceptible individuals leads directly to an 
imbalance between B cell and T cell subsets (Katz and Losina, 2014). Follicular helper T 
(Tfh) cells are a recently discovered category of helper T lymphocyte that express and secrete 
CXCR5 and IL-21. When CXCR5 interacts with B cell attracting chemokine-1 (BCA-1, also 
known as CXCL13), Tfh cells migrate to the germinal centers of secondary lymphoid follicles 
and activate B cells to produce antibodies.

Tumor necrosis factor-α (TNF-α) is an important mediator of the immune response 
and acute inflammation. Inflammatory chemokines and activation factors play key roles in the 
development and progression of inflammation. Animal experiments utilizing immunostaining 
have demonstrated that in stromal cells, TNF-α and its receptor are strongly expressed and that 
the degree of staining is highly correlated with KOA severity (Liu et al., 2015).

Both surgical and non-surgical treatments exist for KOA. As involves less trauma, 
quicker recovery, fewer complications, and lower cost compared with conventional surgery, 
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arthroscopic knee surgery has been widely used for KOA diagnosis and treatment (Bellary et 
al., 2012). Despite the role of immune dysregulation in KOA pathogenesis and the changes 
in biochemical markers in the synovial fluid of patients with this condition following 
arthroscopic surgery (Nakajima et al., 2013), the effect of such surgery on the expression of 
certain immune regulators remains poorly understood. The present study was carried out to 
investigate the clinical efficacy of arthroscopic knee surgery and its effect on the expression 
of IL-1β, CXCL13, and TNF-α in the knee joint synovial fluid of patients with osteoarthritis.

MATERIAL AND METHODS

Subjects

A total of 57 KOA patients of Dezhou People’s Hospital (Dezhou, China) were 
enrolled into this study between December, 2014 and November, 2015 according to the “KOA 
diagnostic criteria” issued by Chinese Medical Association in 2007 (Bone science branch of 
Chinese medical association, 2007). The patient group comprised 28 men and 29 women with 
an average age of 61.5 ± 14.2 years (range: 57-88 years) and an average disease duration of 
18 ± 5.7 months (range: 1.2-168 months). The procedures involved were approved by the 
Medical Ethics Committee of Dezhou People’s Hospital, and informed consent was obtained 
from all participants before commencing this study.

Reagents and instruments

Enzyme-linked immunosorbent assay (ELISA) kits for IL-1β, CXCL13, and TNF-α 
were purchased from R&D Systems (Minneapolis, MN, USA). The microplate reader used 
(model 680) was supplied by Bio-Rad Laboratories (Hercules, CA, USA), and the DYONICS 
endoscope utilized was manufactured by Smith & Nephew (London, UK).

Methods

Visual analog scale (VAS) and Lysholm ratings before and after surgery

The same orthopedic physician obtained VAS and Lysholm ratings before surgery and 
after the six-month follow-up period. The VAS assessment for pain is self-completed by the 
respondent, who is asked to place a line perpendicular to the VAS line at the point representing 
their pain intensity (Hawker et al., 2011). A higher score indicates greater intensity. The 
following cut-off points have been recommended based on a previous study (Jensen et al., 
2003): no pain (0 cm), mild pain (1-3 cm), moderate pain (4-7 cm), and severe pain (8-10 
cm). The Lysholm Knee Scoring Scale was implemented as described previously (Irrgang 
et al., 1998). Briefly, the revised scale includes eight items and individual items are scored 
differently, using individual scoring scales. Scores are categorized as excellent (0), good (1-3), 
fair (4-7), or poor (8-10).

Specimen collection

The same orthopedic physician performed surgery on all 57 KOA patients and 
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collected synovial fluid, 2 mL of which was obtained from each patient and centrifuged. The 
resulting supernatant was collected and stored in a -80°C freezer until needed.

Arthroscopic debridement

All parts of the knee joint were examined, and free tissue, hyperplastic synovium, and 
debris were removed. Meniscus injuries were sutured and capsular contractures were released.

Outerbridge cartilage injury classification

Articular cartilage damage was scored as follows: normal, 0 points; mild blisters on 
the surface, 1 point; shallow surface fissures smaller than 1.25 cm in diameter, 2 points; deep 
surface fissures larger than 1.25 cm in diameter, 3 points; full-thickness damage, 4 points.

Cytokine expression

Levels of IL-1β, CXCL13, and TNF-α were measured by ELISA, following the 
manufacturer protocol.

Statistical analysis

SPSS 17.0 software (SPSS Inc., http://www-01.ibm.com/support/docview.
wss?uid=swg21476197) was used for statistical analysis. Data are reported as mean ± standard 
deviations. The chi-square test was used to analyze count data, and the t-test was used for 
comparisons between groups. P values < 0.05 were considered to indicate statistical significance.

RESULTS

Outerbridge cartilage damage scores

Of the 57 KOA patients, 10 (5 men:5 women), 11 (5:6), 14 (7:7), 15 (7:8), and 7 (4:3) 
scored 0, 1, 2, 3, and 4 points, respectively. The average ages in these categories were 58.5 
± 1.5, 57.7 ± 2.1, 63.5 ± 1.7, 65.1 ± 1.0, and 61.5 ± 1.5 years, respectively. No significant 
differences were detected in regard to gender or age (P > 0.05; Table 1).

Table 1. Outerbridge cartilage damage scores.

SD = standard deviation.

Outerbridge score Cases Male Female Age, years (means ± SD) 
0 10 5 5 58.5 ± 1.5 
1 11 5 6 57.7 ± 2.1 
2 14 7 7 63.5 ± 1.7 
3 15 7 8 65.1 ± 1.0 
4 7 4 3 61.5 ± 1.5 

 

IL-1β levels before and after surgery in each group

ELISA revealed that IL-1β levels before surgery among patients having scored 0, 1, 
2, 3, and 4 points with the Outerbridge system were 10.6 ± 1.0, 12.5 ± 1.4, 15.9 ± 2.2, 19.7 ± 
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4.5, and 21.2 ± 5.0 pg/mL, respectively; those after surgery were 10.1 ± 1.3, 10.5 ± 1.5, 11.7 ± 
1.2, 11.9 ± 3.5, and 15.5 ± 1.8 pg/mL, respectively. Compared to IL-1β levels before surgery, 
those measured afterwards were significantly lower (P < 0.05; Table 2).

Table 2. Levels of IL-1β (pg/mL; means ± standard deviations) before and after surgery in each group.

*P < 0.05 compared with IL-1β level before surgery.

Outerbridge score Cases Before surgery After surgery 
0 10 10.6 ± 1.0 10.1 ± 1.3* 
1 11 12.5 ± 1.4 10.5 ± 1.5* 
2 14 15.9 ± 2.2 11.7 ± 1.2* 
3 15 19.7 ± 4.5 11.9 ± 3.5* 
4 7 21.2 ± 5.0 15.5 ± 1.8* 

 

CXCL13 levels before and after surgery in each group

Our ELISA results showed that CXCL13 levels before surgery in the 0, 1, 2, 3, and 
4-point Outerbridge patient groups were 501.1 ± 12.3, 600.5 ± 10.5, 710.7 ± 11.7, 911.9 ± 
30.5, and 1500.35 ± 105.8 pg/mL, respectively; those after surgery were 411.5 ± 11.0, 513.7 ± 
13.3, 516.5 ± 14.5, 521.1 ± 15.7, and 522.5 ± 16.7 pg/mL, respectively. In comparison to those 
prior to surgery, CXCL13 levels afterwards were significantly decreased (P < 0.05; Table 3).

Table 3. Levels of CXCL13 (pg/mL; means ± standard deviations) before and after surgery in each group.

*P < 0.05 compared with CXCL13 level before surgery.

Outerbridge score Cases Before surgery After surgery 
0 10 501.1 ± 12.3 411.5 ± 11.0* 
1 11 600.5 ± 10.5 513.7 ± 13.3* 
2 14 710.7 ± 11.7 516.5 ± 14.5* 
3 15 911.9 ± 30.5 521.1 ± 15.7* 
4 7 1500.35 ± 105.8 522.5 ± 16.7* 

 

TNF-α levels before and after surgery in each group

According to ELISA, TNF-α levels before surgery among patients with 0, 1, 2, 3, and 
4 points based on Outerbridge classification were 11.5 ± 1.9, 13.7 ± 3.1, 16.5 ± 4.3, 21.1 ± 
5.8, and 22.5 ± 6.9 pg/mL, respectively; those after surgery were 10.1 ± 1.0, 11.5 ± 2.1, 11.7 ± 
2.3, 12.2 ± 1.5, and 12.5 ± 1.7 pg/mL, respectively. TNF-α concentrations after surgery were 
significantly lower than those observed beforehand (except 0-point group) (P < 0.05; Table 4).

Table 4. Levels of TNF-α (pg/mL; means ± standard deviations) before and after surgery in each group.

*P < 0.05 compared with TNF-α level before surgery.

Outerbridge score Cases Before surgery After surgery 
0 10 11.5 ± 1.9 10.1 ± 1.0 
1 11 13.7 ± 3.1 11.5 ± 2.1* 
2 14 16.5 ± 4.3 11.7 ± 2.3* 
3 15 21.1 ± 5.8 12.2 ± 1.5* 
4 7 22.5 ± 6.9 12.5 ± 1.7* 
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VAS and Lysholm scores before and after surgery in each group

Following surgery, VAS (P < 0.05; Table 5) and Lysholm scores (P < 0.05; Table 6) 
were significantly decreased.

Table 5. Visual analog scale scores before and after surgery in each group.

Group N Before surgery After surgery 
No pain Mild pain Moderate pain Severe pain No pain Mild pain Moderate pain Severe pain 

0 1-3 4-7 8-10 0 1-3 4-7 8-10 
0 10 0 7 3 0 10 0 0 0 
1 11 0 4 7 0 7 4 0 0 
2 14 0 4 10 0 5 5 4 0 
3 15 0 3 7 5 7 5 3 0 
4 7 0 0 0 7 4 3 0 0 
Total 57 0 18 27 12 33 17 7 0 

 

Table 6. Lysholm scores before and after surgery in each group.

Group N Before surgery After surgery 
Excellent Good Fair Poor Excellent Good Fair Poor 

0 1-3 4-7 8-10 0 1-3 4-7 8-10 
0 10 0 3 7 0 9 1 0 0 
1 11 0 3 7 1 8 3 0 0 
2 14 0 4 5 5 10 3 1 0 
3 15 0 0 7 8 11 3 1 0 
4 7 0 0 3 4 4 3 0 0 
Total 57 0 10 29 18 42 13 2 0 

 

DISCUSSION

KOA, one of the most common joint diseases, is characterized by degenerative 
changes in articular cartilage and joint edge and subchondral bone hyperplasia. According to 
a World Health Organization survey, the incidence of osteoarthritis in people over 50 years 
of age is 60-70%, and there are more than 190 million osteoarthritis patients worldwide 
(Apostolopoulos et al., 2012). In the Chinese population, 60% of individuals over 60 years old 
have KOA. Therefore, the investigation of effective treatments for this condition employing 
minimally invasive surgery is of great importance.

Cytokines in synovial fluid play important roles as mediators of inflammation, 
transmitting inflammatory signals to cells. Cytokines produced as a result of synovitis can spread 
through synovial fluid, activating chondrocytes to secrete further inflammatory cytokines. Such 
molecules, specifically, TNF-α, CXCL13, and IL-1β, are substantially involved in the occurrence 
and development of KOA. Lipopolysaccharides cause synovial tissue to secrete IL-1. Following 
IL-1 stimulation, articular chondrocytes synthesize large quantities of collagen types I and III, 
and reduce production of types II and IX. In addition, IL-1 can regulate expression of cartilage 
proteolytic enzymes such as metalloproteases, and may cause osteoarthritis by stimulating 
osteoblasts, altering the normal load-bearing structure of bone. One cause of the pain associated 
with KOA is the presence of a large number of inflammatory cytokines, including IL-1β and 
TNF-α, in the synovial fluid (He et al., 2011; Nakayama et al., 2011).

Higher IL-1β and TNF-α levels are associated with increased KOA severity (Nelson, 
2014; Sharma, 2016). In the present study, IL-1β, CXCL13, and TNF-α expression positively 
correlated with Outerbridge score, suggesting that the extent of cartilage damage in patients 
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with KOA can be estimated by measuring levels of inflammatory cytokines, particularly of 
those tested here, in synovial fluid.

Arthroscopic knee surgery has become a key technique for KOA diagnosis and 
treatment since its first use in the 1960s, owing to its benefits of less trauma, quicker recovery, 
fewer complications, and lower cost compared wti conventional surgery (Dulay et al., 2015; 
Yu and Hunter, 2015; Zengini et al., 2016). In arthroscopy, the joint cavity can be washed out, 
removing pain-causing inflammatory mediators, relieving swelling, and extracting cartilage 
and synovial tissue debris. It can also be used to repair ligament and meniscus injuries, improve 
the structure and function of joints, prevent deterioration or development of degenerative 
disease of the knee, and relieve pain.

Jackson and Dieterichs (2003) found that removal of free tissue and injured areas of 
meniscus using arthroscopy significantly improved the clinical symptoms of 200 patients with 
knee pain. Similarly, Sprague (1981) performed synovectomy, osteophyte removal, and repair 
of damaged meniscus using arthroscopic debridement for 69 KOA patients, 74% of whom 
subsequently showed significant improvement. Dervin et al. (2003) carried out arthroscopic 
surgery on 126 patients who were then followed up for 24 months, with outcomes being 
measured using the Short Form-36 Health Survey and Western Ontario and McMaster 
Universities Osteoarthritis Index. Postoperative joint function was found to be excellent for 
56 patients (44%), fair for 38 (30%), and poor for 32 (25%). Twenty-seven patients with 
poor postoperative joint function (21%) underwent knee replacement surgery, three (2.3%) 
had elective tibial osteotomy, and two (1.6%) received a second arthroscopic knee operation. 
Ambrozaitis et al. (2006) showed the clinical effectiveness of arthroscopic knee surgery to 
be between 50 and 70%. Finally, Krystallis et al. (2004) analyzed the clinical indications 
for arthroscopy, concluding that such surgery achieves beneficial clinical effects when joint 
cavities are stenotic and preoperative joint function is good.

In each patient group of the present study, IL-1β, CXCL13, and TNF-α levels, as well 
as VAS and Lysholm scores, were significantly reduced after surgery (P < 0.05). This suggests 
that arthroscopic debridement can achieve the desired clinical effect. Although arthroscopic 
knee surgery cannot ultimately alter the pathology of KOA, it can rapidly improve joint 
function, reduce joint pain, and postpone arthroplasty or arthrodesis. However, the exact 
mechanism by which such surgery decreases levels of IL-1β, CXCL13, and TNF-α remains 
unclear and requires further investigation.

CONCLUSIONS

In conclusion, arthroscopic knee surgery can reduce the concentration of IL-1β, 
CXCL13, and TNF-α in knee joint synovial fluid. Decreased levels of these molecules in knee 
joint synovial fluid correlate with improvements in the clinical symptoms of patients with KOA.
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