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Purpose: Osteoarthritic (OA) pain is largely considered to be inflammatory pain. However, during the last stage of knee OA, sen-
sory nerve fibers in the knee are shown to be significantly damaged when the subchondral bone junction is destroyed, and this 
can induce neuropathic pain. Several authors have reported that tumor necrosis factor-α (TNFα) in a knee joint plays a crucial 
role in pain modulation. The purpose of the current study was to evaluate the efficacy of etanercept, a TNFα inhibitor, for pain in 
knee OA.
Materials and Methods: Thirty-nine patients with knee OA and a 2–4 Kellgren-Lawrence grading were evaluated in this prospec-
tive study. Patients were divided into two groups; hyaluronic acid (HA) and etanercept injection. All patients received a single in-
jection into the knee. Pain scores were evaluated before and 4 weeks after injection using a visual analogue scale (VAS) and the 
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), and they were compared between the groups.
Results: Before injection, VAS and WOMAC scores were not significantly different between the groups (p>0.05). Significant pain 
relief was found in the etanercept group at 1 and 2 weeks by VAS, and at 4 weeks by WOMAC score, compared with the HA group 
(p<0.05). No adverse events were observed in either group.
Conclusion: Direct injection of etanercept into OA knee joints was an effective treatment for pain in moderate and severe OA pa-
tients. Furthermore, this finding suggests that TNFα is one factor that induces OA pain.
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INTRODUCTION

Many patients suffer from knee osteoarthritis (OA) pin. In US, 

the patients with knee OA often results in early retirement and 
total knee arthroplasty.1 OA of the knee is generally consid-
ered to result in inflammatory pain. Intra-articular injection 
of monoiodoacetate into the knee joint of animals induces OA 
changes, and this model is widely used.2 In the early phase of 
this OA model, there is an increase in both inflammatory neu-
ropeptides in the sensory nerves in the knee and several cyto-
kines, and this is believed to be a stage of inflammatory pain.3 
Subchondral bone pathology may result in neuropathy after 
destruction of the chondral structure during late phases of OA 
because of the dense innervation of subchondral bone. This 
stage is thought to be the neuropathic pain stage.4 Indeed, in 
human knee OA, the origin of OA pain is widely considered to 
be inflammatory, however, 6.7% to 34% of OA patients are like-
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ly to experience neuropathic pain.5,6

One of the sources of knee pain in OA is believed to be relat-
ed to local chronic inflammation and sensory nerve injury of 
the knee joints, which involves the production of inflammatory 
cytokines such as tumor necrosis factor-α (TNFα), interleukin 
(IL)-6, and nerve growth factor (NGF) in the synovial mem-
brane and subchondral bone; these cytokines are believed to 
promote pain from OA.7-9 TNFα and IL-6 concentrations in sy-
novial fluid are correlated with knee OA progression and West-
ern Ontario and McMaster Universitie’s Osteoarthritis Index 
(WOMAC) scores, including a pain score, in patients with knee 
OA.7 Knee samples obtained from patients during surgery 
showed that sensory nerve fibers, cyclooxygenase, TNFα, and 
NGF are significantly increased, and these findings are closely 
related with the pathogenesis of pain.8,9

A systematic review of recommendations and guidelines for 
the management of knee OA has been reported.10 Pharmaco-
logic modalities most recommended include acetaminophen/
paracetamol (first-line) and non-steroidal anti-inflammatory 
drugs (NSAIDs) (topical or oral, second-line), and intra-articu-
lar corticosteroids are generally recommended for knee OA, 
while tramadol is recommended and consideration can be 
given to opioid treatment for refractory symptoms. However, 
these drugs sometimes have no effect on severe knee pain in 
knee OA patients.

Our hypothesis is that inhibition of cytokines is effective for 
moderate and severe OA pain in patients. Thus, the purpose of 
this study was to evaluate the efficacy of direct injection of etan-
ercept into knee joints for knee OA pain in patients, by using a 
prospective trial.

MATERIALS AND METHODS

The ethics committee of our institution approved the protocol 
for the human procedures used in this study. In addition, the 
protocol and publication of the study were approved by our in-
stitutional review board and informed consent was obtained 
from each participant (IRB No. 639). Participants were selected 
from outpatients who attended our hospitals for knee pain 
treatment. Thirty-nine patients were selected from 55 knee 
pain patients who matched the following criteria: the presence 
of knee pain for more than one month, evidence of OA of the 
knee joint upon examination of an anterior-posterior radio-
graphic image, and oral NSAIDs administration of 200 mg of 
celecoxib per day (Pfizer Pharmaceutical Co., Ltd., Tokyo, Ja-
pan) was not fully effective for the knee pain. Exclusion criteria 
included a history of knee surgery, infection, or rheumatoid 
arthritis. We performed the screening protocol for tuberculosis 
using chest X-ray examination. If patients showed the possibil-
ity of pulmonary tuberculosis, they were excluded. Patient with 
heart failure, examined by ECG, was also excluded.

The patients completed a self-administered questionnaire 

related to sociodemographic factors (age and gender) and du-
ration of knee symptoms.

Pain scores
All patients completed a visual analogue scale (VAS) evalua-
tion of pain for movement (VAS: before, 1, 2, and 4 weeks after 
treatment), and the WOMAC questionnaire (WOMAC: before 
and 4 weeks after treatment). The WOMAC questionnaire con-
sists of subsections for assessment of pain, stiffness, and physi-
cal function.11

Radiographic evaluation and existence of synovial 
fluid
Examination of an anterior-posterior view radiograph was per-
formed for all the patients using the Kellgren-Lawrence (KL) 
grading system. The KL system is a validated method to classify 
joints into one of five grades, with 0 representing normal and 4 
representing the most severe.12 Evaluation was performed by 
three blinded observers. If two or more of the observers con-
curred, the score was used to define the KL grade. Existence of 
increased synovial fluid was evaluated via a patella bollotte-
ment test performed by a single orthopaedic surgeon. 

Injection of hyaluronic acid or etanercept into knee 
joints
Thirty-nine knee OA patients were evaluated in this prospec-
tive study. Patients were divided into two groups: patients in-
jected with 25 mg of hyaluronic acid (HA) (i.e., high molecular 
weight HA or Suvenyl®) (Chugai Pharmaceutical Co., Ltd., To-
kyo, Japan), and patients injected with 10 mg of etanercept 
(Takeda Pharmaceutical Co., Ltd., Tokyo, Japan). Knee joint in-
jections were performed once in all patients, with the first 20 
patients being serially injected with HA and the next 19 pa-
tients being injected with etanercept. All patients continued to 
receive 200 mg of celecoxib daily. Other medications and in-
jections into knees were not allowed in any patient.

Adverse events
All adverse events were reported together with an assessment 
of their severity (mild, moderate, or severe) and the investiga-
tor’s opinion of their relationship to treatment with the admin-
istered drug (none, unlikely, possible, or probable). 

Statistical analysis
The Kruskal-Wallis test was used to compare pain scales be-
tween the two groups, a one way ANOVA with post hoc com-
parisons for age, symptom duration, and follow-up, and Fish-
er’s test for dichotomous/categorical variables. Data are re-
ported as mean (±standard error of the mean) unless otherwise 
stated. p<0.05 was considered statistically significant. 
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RESULTS

No patients dropped out from the current study. Table 1 shows 
the demographic characteristics for patients. Thirty-nine pa-
tients (26 female, 13 male) with a mean age of 63.5±6.7 years 
were admitted into the study. The average duration of symp-
toms was 9.8±5.3 months. There was no significant difference 
in the number of patients, gender, age, or symptom duration 
between groups (p>0.05). Pain scores, as assessed using VAS 
and WOMAC scores, were also not significantly different be-
tween groups (p>0.05).

Table 2 shows evaluations of the KL grade and number of 
patients showing increased synovial fluid. There were no pa-
tients with KL grade 0 or 1, and all patients ranged from KL 
grade 2 to 4. The percentage and number of patients in each 

KL grade were not significantly different between groups 
(p>0.05). The number of patients showing increased synovial 
fluid included 8 patients (40%) in the HA group and 7 patients 
(37%) in the etanercept group. There was no significant differ-
ence in the number of patients showing increased synovial 
fluid between groups (p>0.05).

Table 3 shows reported pain during follow-up. Overall, both 
injections improved the pain score compared with pre-injec-
tion assessments. Significant pain relief was reported in the 
etanercept group, as assessed by the VAS score at 1 and 2 weeks 
and by the WOMAC score at 4 weeks, compared with the HA 
group (p<0.05). There was no significant pain relief experi-
enced in the etanercept group as assessed by the VAS at 4 
weeks, compared with the HA group (p>0.05).

Adverse events
There were no adverse events such as an infection, headache, 
upper respiratory tract infection, or paresthesia in any patient 
during 6 months after injection.

DISCUSSION

In the current study, we investigated the efficacy of direct in-
jection of etanercept for OA pain in OA patients, and found 
that etanercept was more effective for pain management than 
high molecular weight HA in OA patients. The finding suggests 
that TNFα is one of the factors that can induce pain in patients 
with OA.

Production of inflammatory cytokines such as TNFα, IL-6, 
and NGF in the synovial membrane and subchondral bone is 
believed to promote pain caused by OA.7-9 Indeed, some clini-
cal trials have found that the most successful trial for treatment 
of OA pain reduction was anti-NGF therapy.13,14 A total of 450 
patients with OA pain received an intravenous injection of the 
anti-NGF antibody tanezumab or placebo.13 Treatment with 

Table 1. Patient Demographic Characteristics 

 
Hyaluronic 
acid (N=20)

Etanercept
(N=19)

p value

Gender, n (%) 0.55
Male   7 (35)   6 (32)
Female 13 (65) 13 (68)

Age, yrs   0.77
Mean 64.3±5.6 63.3±7.2
Range 55–80 54–78

Symptom duration, months 0.48
Mean 10.5±6.0   9.3±4.8
Range    1–18    1–16

Mean pain scores 
VAS   6.2±2.8   6.9±2.3 0.28
WOMAC 

Pain 14.2±3.6 14.5±5.0 0.36
Stiffness   5.1±2.4   5.0±2.3 0.33
Physical function 42.0±9.7   42.0±10.0 0.36
Total   61.2±16.8   61.0±15.5 0.44

VAS, visual analogue score; WOMAC, Western Ontario and McMaster Uni-
versities Osteoarthritis Index.
±standard error of the mean. n=number of patients in the group, N=total num-
ber of patients in the group.

Table 2. Evaluations of Knee Conditions

Hyaluronic acid
(N=20)

Etanercept
(N=19)

p value

KL grade, n (%)
0 0 (0) 0 (0)
1 0 (0) 0 (0)
2      2 (10.0)      2 (10.5) 0.38
3      8 (40.0)    10 (52.6) 0.24
4    10 (50.0)      8 (42.1) 0.33

Increased synovial fluid, n (%)
Patella bollottement   8 (40)   7 (37) 0.43

KL, Kellgren-Lawrence.
n=number of patients in the group, N=total number of patients in the group.

Table 3. Change in Pain Scores

Pain scores
Hyaluronic acid

(N=20)
Etanercept

(N=19)
p value

VAS 
1 wk   4.7±2.6   3.0±1.5 0.03
2 wks   4.6±1.9   2.8±1.2 0.015
4 wks   5.8±2.5   4.2±2.0 0.054

WOMAC (4 wks)
Pain 11.3±3.2   8.2±3.1 0.040
Stiffness   5.5±1.9   4.5±2.0 0.040
Physical function   33.6±11.0   29.3±10.0 0.035
Total   50.4±11.1 42.0±7.0 0.038

VAS, visual analogue score; WOMAC, Western Ontario and McMaster Uni-
versities Osteoarthritis Index.
All data are the mean±standard error of the mean. N=total number of patients 
in the group.
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tanezumab was significantly associated with a reduction in 
joint pain and improvement in function compared with place-
bo.13 Patients (n=83) with a KL grade of 2–4 were evaluated via 
radiographic assessment: by week 8, intravenous injection of 
tanezumab significantly improved knee pain and the WOMAC 
score compared with placebo,15 while seven patients reported 
adverse events of abnormal peripheral sensation such as allo-
dynia, paresthesia, dysesthesia, thermohypoesthesia, and hy-
popallesthesia. When patients (n=604) with moderate to severe 
knee or hip OA were randomized and treated with intravenous 
tanezumab and placebo,14 tanezumab resulted in significant 
improvements in pain level, function, and global assessments 
in patients with OA compared with placebo, while osteonecro-
sis was reported in six patients treated with tanezumab. 

Recently, it has been reported that compression and injury 
of spinal nerve roots are closely associated with cytokines such 
as TNFα and cyclooxygenase-2.16,17 TNFα is the most widely 
used therapeutic target for radicular pain originating from 
lumbar disc herniation or spinal stenosis. A recent clinical 
study found that the TNFα inhibitor infliximab was effective 
for reducing sciatic nerve pain caused by lumbar disc hernia-
tion, and patients experienced no significant side effects.18 
Similarly, results from our clinical studies indicate that the epi-
dural administration of a TNFα inhibitor onto the spinal nerve 
provides relief of radicular pain with no adverse effects.19 Thus, 
TNFα inhibitors may be useful for the treatment of radicular 
pain caused by spinal stenosis.19 

Beneficial effects of anti-TNFα therapy have also been re-
ported in a single-arm, open-label clinical trial that evaluated 
adalimumab in 20 patients with OA over a 12-week period,20 
and a significant improvement was observed in mean WOM-
AC pain, stiffness, and function, as well as target joint swelling 
at 12 weeks. Patients received six biweekly subcutaneous in-
jections of 40 mg of adalimumab over 12 weeks.20 Furthermore, 
adverse events were minor with no serious events being record-
ed, and only one patient required an oral steroid for micro-
scopic interstitial colitis. However, this study had limitations 
that included no placebo-controlled study design. In the cur-
rent study, significant pain relief was reported in the group that 
received the single injection of etanercept as determined by 
VAS and the WOMAC score at 4 weeks, compared with the HA 
group. Based on these clinical findings, we recommend direct 
injection of anti-TNFα drug into the knee joint of patients who 
experience significant pain resulting from moderate to severe 
knee OA.

There are some limitations associated with the current study. 
First, we used only one drug dose in the two groups. In particu-
lar, we used a single injection of 10 mg of etanercept in this 
study. Generally, subcutaneous injection of 25–50 mg of etan-
ercept is recommended for the treatment of rheumatoid ar-
thritis in patients. However, we believe that direct injection of 
25–50 mg of etanercept into the knee joint is excessive for OA 
patients and we were concerned about triggering adverse 

events. Therefore, we selected 10 mg of etanercept in this study. 
Second, we used a total of 39 patients, with 20 or less patients 
per group, and follow-up period was 1 month. This number of 
subjects does not provide sufficient power for the analyses re-
quired. Third, we think that etanercept has a strong effect for 
decrease of synovial fluid, although we examined synovial flu-
id only before injection. A future study, using a larger number 
of patients, longer follow-up, different drug dosages, multiple 
injection, and anti-inflammatory effect, is needed to clarify 
these points.

In conclusion, direct injection of etanercept, the TNFα in-
hibitor, was effective for pain manegement in OA patients. This 
finding also suggests that TNFα is one of the factors that can 
induce OA pain in patients.
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