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Abstract. The aim of the present study was to investigate 
whether the co-injection of hyaluronic acid (HA) and cortico-
steroids (CS) was superior to HA alone in the treatment of knee 
OA. A total of 120 participants with symptomatic knee OA 
were recruited and formed the intention-to-treat population 
for a 6-month follow-up. In the HA group, patients received a 
single-shot injection of 4 ml HA. In the HA&CS group, patients 
received a co-injection of 3 ml compound betamethasone solu-
tion and 4 ml HA. Visual analog scale (VAS), Western Ontario 
and McMaster University Osteoarthritis Index (WOMAC) 
and knee flexion motion were assessed as primary outcomes. 
Patients in the HA&CS group exhibited better pain relief 
and knee function at the time points of week 1, month 1 and 
month 3 (P<0.05). For the last follow-up at month 6, the values 
did not differ significantly between these two groups. Patients 
in both groups exhibited improvement in pain, knee function, 
and range of motion following injection. For the final follow‑up 
at month 6, the mean VAS score, WOMAC score and knee 
flexion motion were still superior to that prior to treatment, 
but the values did not differ significantly. The co‑injection of 
HA and CS provided a rapid improvement in pain relief, knee 

function, and range of motion, but did not differ significantly 
from that of HA alone in the long term effect.

Introduction

Osteoarthritis (OA) is one of the most prevalent chronic arthritic 
diseases and typically occurs in middle aged and elderly 
patients (1). A recent study revealed that OA is a leading cause 
of disability, with 10% of men and 13% of women over 60 years 
of age suffering from symptomatic OA of the knee (2). The 
incidence of OA is higher in women compared with men, and 
aging, obesity, genetics and biomechanical predisposing factors 
are risk factors for the initiation and progression of OA (3,4).

At present, the conservative therapies available for OA 
include oral analgesics, non-steroidal anti-inflammatory 
drugs (NSAIDs) and viscosupplementation, which provide 
short-term treatment effects (5). For patients with cardiovas- (5). For patients with cardiovas-(5). For patients with cardiovas-
cular or gastrointestinal comorbidities, a number of systemic 
drugs, including analgesics and NSAIDs are not recommended 
due to their cardiovascular side effects (6). As such, injection 
of therapeutic agents directly into the OA joint may be more 
advantageous for reducing systemic complications. 

A number of clinicians have confirmed that hyaluronic 
acid (HA) and corticosteroid (CS) supplementation is an 
effective means of controlling the symptoms of OA in the 
knee (7-9). However, the recent OA treatment guidelines from 
the American Academy of Orthopedic Surgeons strongly 
discourage the use of HA, while there is little conclusive 
evidence to support the use of CS injections (10). More clarity 
on the intra-articular supplementation of HA and CS should 
be determined by future studies regarding the discrepancies.

Recently, a number of studies have demonstrated that HA 
and CS injections are safe and effective treatments that can 
reduce pain and improve joint functionality in patients with OA 
of the knee (11-13). CS has been reported to be more effective in 
reducing acute pain compared with HA, due to its anti‑inflam-
matory effect. However, the duration of pain relief is shorter in 
CS compared with HA (14). As such, the combined use of HA 
and CS may be more effective and have longer-lasting anal-
gesic effects than either agent used alone. However, long-term 
use and a high frequency of injections of either agent may 
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cause unnecessary injury and even infection in the arthritic 
joint. Furthermore, it has been reported that CS increases the 
apoptotic progression of cartilage cells when injected into the 
OA joint (15). Clinicians must therefore delicately balance the 
amount of CS used to avoid doing more damage than good. 

The aim of the present study was to determine whether 
a single-shot co-injection of HA and CS resulted in a longer 
duration of pain relief and better functional improvement 
compared with the use of HA alone. 

Materials and methods

Study design. The present study was designed as a single-center, 
prospective, randomized, double blind trial with parallel 
groups. The Ethics Committee of The Affiliated Zhongda 
Hospital of Southeast University (Nanjing, China) approved 
the present study prior to patient enrollment (approval 
no. 2017zdSYLL012-Y01). The study protocol was registered 
at ClinicalTrials.gov (registration no. NCT03047096). All 
enrolled subjects provided informed written consent prior to 
inclusion in the study. The investigation was performed at The 
Affiliated Zhongda Hospital of Southeast University (Nanjing, 
China) between February and November 2017.

Samples. Patients that presented themselves to the Department 
of Orthopaedics at The Affiliated Zhongda Hospital of Southeast 
University with knee pain were diagnosed radiographically 
and those who were suffering from knee OA with a duration 
of >3 months were graded as stage II-IV by a senior radiologist 
based on the Kellgren-Lawrence (KL) grade (16). Symptomatic 
knee OA was diagnosed based on the American Rheumatism 
Association classification criteria for knee OA (17). Patients 
were excluded if they had a diagnosis of rheumatoid arthritis 
or other inflammatory OA, trauma or pain‑causing diseases, 
had received treatment with oral medications within 3 days, or 
had received physiotherapy or intra-articular injections of HA 
or CS within 6 months. Participants with severe diabetes were 
excluded due to the increased risk of developing serious side 
effects. Participants who were allergic to any of the medica-
tions used in the present study or were diagnosed with current 
systemic infection were also excluded.

Interventions. A total of 120 patients met the inclusion criteria 
and were randomized into two groups (n=60/group) via the 
following method. The age range of the enrolled patients was 
45-80 years (mean, 63.05±6.40 years) and 75% of the patients 
were female (90/120). A computer-generated list of random 
numbers was used. This method created 120 study cards, 
which were titled as either HA&CS or HA. Each card was 
sealed in an opaque envelope. An assistant nurse opened each 
envelope and assigned patients to the corresponding group. The 
disposition of the patients in the present study was processed 
according to a Consolidated Standards of Reporting Trials 
flow diagram (Fig. 1). In the HA group, 4 ml high molecular 
weight (600,000-1,500,000 g/mol) HA (Shandong FREDA 
Pharmaceutical Industry Group Co., Ltd., Jinan, China) was 
administered to patients. In the HA&CS group, 4 ml HA was 
administered, followed by 3 ml compound betamethasone 
solution (Schering-Plough Labo NV, Heist-op-den-Berg, 
Belgium), which comprised 1 ml compound betamethasone 

(2 mg betamethasone sodium phosphate and 5 mg betametha-
sone dipropionate) and 2 ml 0.9% normal saline. 

All procedures were performed in the injection room of the 
Orthopedic Department at The Affiliated Zhongda Hospital 
of Southeast University. An experienced orthopedic surgeon 
administered injections. Patients were placed in sitting posi-
tion with the eyes covered. Knees were flexed to ~90 degrees 
and sterilized prior to injection. A 22-gauge needle (external 
diameter, 0.71 mm) was used to puncture the lateral soft spot 
above the joint line into the joint capsule. A small amount 
of air was injected to ensure that the needle was accurately 
positioned in the joint capsule. The 22-gauge needle was left 
in the injection spot for further synovial fluid aspiration and 
drug delivery. The effusion, if present, was removed using the 
inserted 22-gauge needle prior to administration. 

In the present study, both the evaluators and patients were 
blinded. Evaluators were not informed of the patient alloca-
tions to reduce bias in the assessment. Patients were blinded 
using an eye mask during the injection process and were 
unaware which group they were assigned to. The use of any 
additional medications associated with OA, including NSAIDs 
and analgesics, was prohibited following treatment. 

Measures. The primary outcomes of treatment were evalu-
ated at a 6-month follow-up. Pain in the knee with OA was 
measured using a 100-mm visual analog scale (VAS), whereas 
knee function was measured using 3 dimensions of the 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) (18). The WOMAC score was validated in 
Chinese language. VAS and WOMAC questionnaires were 
completed at the baseline (prior to treatment), and at week 1 
and months 1, 3 and 6 following treatment. An independent, 
blinded therapist assessed the active flexion motion of the 
treated knees using a goniometer at the baseline, week 1 and 
months 1, 3 and 6.

Statistical analysis. A calculation was performed as previ-
ously described to determine the sample size needed to 
provide 80% power to demonstrate a difference of >1.2 points 
in the VAS score at the 5% significance level in a 2‑sided 
hypothesis test (19). A total of 50 patients were required 
from each group to ensure adequate power to detect a similar 
between-group difference. As such, the study was designed 
to enroll 120 participants at the baseline (n=60/group), antici-
pating that 20% may drop out. The analysis was performed 
on the intention-to-treat populations. Data are presented as 
mean ± standard deviation in tables and as mean ± standard 
error of the mean in figures. Demographic variables were 
tested using a χ2 test. VAS score, WOMAC score and the range 
of motion observed at each time point was evaluated using 
independent Student's t-tests. Comparisons in each group prior 
to the injection and 6 months following the injection were 
performed using paired Student's t-tests. Data were analyzed 
using SPSS 19 (IBM Corp., Armonk, NY, USA). P<0.05 was 
considered to indicate a statistically significant difference. 

Results

Patient characteristics and follow‑up. A total of 120 patients 
were enrolled in the present study and allocated to the HA 
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or HA&CS treatment groups (n=60/group). No significant 
differences were observed in basic characteristics, including 
sex distribution, mean age, mean VAS score, mean body mass 
index, mean WOMAC score and mean knee range of motion, 
between the groups (Table I). At the end of the trial, the 
majority of enrolled patients underwent clinical assessments 
(57 patients in the HA&CS group and 56 patients in the HA 
group). In the HA&CS group, 3 patients were lost to follow-up 
at month 6. In the HA group, 2 patients were lost to follow-up 
at month 3 and 2 patients were lost to follow-up at month 6. 

Pain relief and VAS score. Prior to treatment, no significant 
difference in VAS score was observed between the HA&CS and 
HA groups (7.45±2.05 vs. 7.30±1.96, respectively; Table II). 
Following treatment, the VAS score in the HA&CS group 
decreased significantly compared with the HA group (Fig. 2). 
At month 6, the mean VAS score in both groups increased 
and were not significantly different. Patients in both groups 
exhibited decreased VAS scores following injection; however, 
there was no significant difference in the VAS score at month 6 
compared with the baseline in either group (Table III). 

Functional improvement and WOMAC score. The mean 
WOMAC score were markedly decreased in the HA&CS 
and HA groups for 6 months following treatment, compared 
with baseline (Fig. 3). In terms of pain, stiffness and physical 
function, better knee function was observed in the HA&CS 
group compared with the HA group during the first 3 months 
post‑injection (P<0.05). However, no significant differences 
in WOMAC score were observed between groups at month 6. 
WOMAC scores were improved in both groups post-injection; 
however, the mean WOMAC score at month 6 was not signifi-
cantly different to the baseline score in either group (Table III). 

Active flexion motion of the knee. Patients in both groups 
reported improved flexion compared with the baseline for the 
first 3 months post‑injection. No significant difference in mean 
flexion angle of the knee was observed between groups at any 
time point (Fig. 4). There was no significant difference in the 
mean flexion angle at month 6 compared with the baseline in 
either group (Table III).

Adverse events. No severe systemic or local adverse events 
were observed in either group. 

Discussion

In the present study, prompt pain relief was clearly observed 
in the HA&CS group, whereas the VAS score was decreased 
gradually in the HA group. At month 6, the mean change in 
VAS score was not significantly different between groups. The 
fast action of intra-articular CS injection is well recognized, 
however the long-term outcome of repetitive injections remains 
unknown (11). CS is able to block the synthesis and activation 
of matrix metalloproteinases, slowing down decomposition of 
the cartilage matrix (15,20). However, a repetitive high dose of 
CS can hinder the regeneration of articular cartilage by down-
regulating proteoglycan and HA synthesis. Intra-articular 
CS injection typically reduced pain associated with OA for 
3-4 weeks (21), whereas HA has been reported to have a 
greater efficacy beyond week 8 (22). A clinical trial revealed 
that HA controls pain better at 12 and 26 weeks compared to 
CS (23). A similar trend in pain experience and VAS scores 
was observed in the present study. However, the duration of 
pain relief was less than 6 months regardless of the use of 
combined treatment with HA&CS or HA alone. In the present 
study, the indication for intra-articular CS and HA injection is 

Figure 1. Consolidated Standards of Reporting Trials flow diagram in the present study. HA, hyaluronic acid; CS, corticosteroids.
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symptomatic knee OA, which is mainly associated with pain, 
stiffness, joint warmth and swelling. However, as knee joint 
puncture is an invasive operation, patients with severe diabetes 
or systemic infection should be excluded due to the risk of skin 
and joint capsule infection.

The anti‑inflammatory effects of CS may serve an impor-
tant role in alleviating the acute symptoms of OA. Patients 
with knee OA typically present with joint inflammation, 
including morning stiffness, warmth, pain and joint effusions, 
which occur in part due to synovial thickening or synovial 
fluid effusion (3,24,25). CS has a powerful anti‑inflammatory 
effect and is able to reduce edema, capillary expansion and 

leukocyte infiltration in the early stages of the inflammatory 
reaction (26,27). A patient who dropped out of the study due 
to unsatisfactory pain control (lost to follow-up at month 6 
following HA injection) later went on to have a total knee 
arthroplasty (TKA) in The Affiliated Zhongda Hospital of 
Southeast University. Pathological sections and radiographic 
images of the joint synovium were obtained, revealing chronic 
synovial inflammation and degenerative changes to the knee 
joint. For patients with OA and acute synovitis, HA injection 
alone is typically insufficient to control the inflammation and 
alleviate pain. As such, co-administration of a CS injection 
may be necessary to achieve the desired outcome (28).

Figure 2. The mean VAS score over time for the HA&CS group and the HA 
group in the intention-to-treat population. The error bars indicate standard 
error of the mean. *P<0.05 vs. HA. VAS, visual analog scale; HA, hyaluronic 
acid; CS, corticosteroids.

Table I. Baseline demographic data and clinical parameters of patients.

Parameters HA&CS group (n=60) HA group (n=60) P-value

Sexa   0.833
  Female 46 (76.67) 44 (73.33) 
  Male 14 (23.33) 16 (26.67) 
Ageb 63.60±6.24 62.50±6.55 0.348
Body mass index (kg/m2)b 25.30±3.22 26.00±4.15 0.304
Smokinga   1.000
  Yes  5 (8.33) 6 (10.00) 
  No  55 (91.67) 54 (90.00) 
Living situationa   1.000
  Live with partner/spouse 54 (90.00) 55 (8.33) 
  Live alone 6 (10.00) 5 (91.67) 
Kellgren-Lawrence gradea   0.872
  II 12 (20.00) 10 (16.67) 
  III 37 (61.67) 39 (65.00) 
  IV 11 (18.33) 11 (18.33) 
VAS pain (mean points)b 7.13±1.00 7.15±0.99 0.927
WOMAC score (mean points)b 40.95±8.016 41.08±6.828 0.922
Active knee range of motion (mean flexion˚)b 126.40±6.35 125.93±6.31 0.455

aData are presented as n (%), evaluated by χ2 test; bData are presented as the mean ± standard deviation, evaluated by Student's t-test. HA, 
hyaluronic acid; CS, corticosteroids; VAS, visual analog scale; WOMAC, Western Ontario and McMaster University Osteoarthritis Index.

Figure 3. The mean WOMAC score over time for the HA&CS group and the 
HA group in the intention-to-treat population. The error bars indicate standard 
error of the mean. *P<0.05 vs. HA. WOMAC, Western Ontario and McMaster 
University Osteoarthritis Index; HA, hyaluronic acid; CS, corticosteroids.
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The results of the present study revealed that combined 
treatment with HA and CS resulted in a greater improvement 
knee function compared with HA alone for the first 3 months 
post‑injection. However, at month 6 there was no significant 
difference in WOMAC scores between groups. These results 
suggest that, in the long-term, combined treatment with HA 

and CS is not superior to HA alone. For patients with acute 
pain, however, the use of HA and CS together may provide 
more effective immediate pain relief. Usually, the use of 
cross-linked HA results in a significant reduction in pain 
and improved knee function from 6->12 months (29,30), as 
cross-linking is a proven means for prolonging the intra-artic-
ular residence time of HA (31). In the present study, a linear 
HA was used, which has a shorter degradation half-life 
compared with cross-linked HA. The shorter effect duration 
may be due to the intrinsic characteristic of the viscosupple-
mentation injected. In future studies, researchers should 
evaluate the efficacy of co‑application of cross‑linked HA and 
CS, which may have better clinical outcomes.

Figure 4. The mean flexion angle of the knee over time for the HA&CS group 
and the HA group in the intention-to-treat population. The error bars indicate 
the standard error of the mean. HA, hyaluronic acid; CS, corticosteroids.

Table II. Differences in mean outcome scores between groups.

Treatment HA&CS group (n=60) HA group (n=60) P-value

VAS pain (points)   
  Baseline 7.13±1.00 7.15±0.99 0.927
  1 week 3.77±1.23 6.82±1.10 <0.001
  1 month 4.60±1.20 6.40±0.96 <0.001
  3 months 5.30±1.11 6.07±1.06 <0.001
  6 months 7.07±0.73 7.13±0.81 0.638
WOMAC score (points)   
  Baseline 40.95±8.02 41.08±6.83 0.922
  1 week 19.42±4.49 30.67±6.37 <0.001
  1 month 21.27±5.00 29.52±6.31 <0.001
  3 months 22.65±7.01 27.43±8.12 0.008
  6 months 39.02±6.88 40.95±7.70 0.150
Flexion motion of knee (˚)   
  Baseline 126.37±6.35 125.50±6.31 0.455
  1 week 129.83±4.73 129.16±4.53 0.432
  1 month 130.17±4.78 129.63±4.40 0.526
  3 months 132.20±4.71 131.93±4.58 0.754
  6 months 126.90±4.52 126.73±4.29 0.559

Data are presented as the mean ± standard deviation. HA, hyaluronic acid; CS, corticosteroids; VAS, visual analog scale; WOMAC, Western 
Ontario and McMaster University Osteoarthritis Index.

Table III. Differences in mean outcome scores over time.

 HA&CS HA
Treatment group (n=60) group (n=60)

VAS pain (points)  
  Baseline 7.13±1.00 7.15±0.99
  6 months 7.07±0.73 7.13±0.81
  P-value 0.677 0.927
WOMAC score (points)  
  Baseline 40.95±8.02 41.08±6.83
  6 months 39.02±6.88 40.95±7.70
  P-value 0.129 0.915
Flexion motion of knee (˚)  
  Baseline 126.37±6.35 125.50±6.31
  6 months 126.90±4.52 126.73±4.29
  P-value 0.494 0.201

Data are presented as the mean ± standard deviation. HA, hyaluronic 
acid; CS, corticosteroids; VAS, visual analog scale; WOMAC, 
Western Ontario and McMaster University Osteoarthritis Index.
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With regards to the knee range of motion, patients in 
both groups reported improved flexion for the first 3 months 
post-injection. At month 6, the mean change was greater in 
the HA&CS group compared with the HA group, however 
there was no statistical significance. For patients with limited 
knee extension, a compound betamethasone solution (1 ml 
compound betamethasone in 4 ml 1% lidocaine hydrochloride) 
was used for local injection into the posterior joint capsule and 
gastrocnemius tendons. The majority of patients reported a 
prompt improvement in extension capabilities, even from the 
second day following the injection. However, this procedure 
may cause unnecessary injury to the posterior tibial nerve and 
blood vessels, and patients who underwent this treatment were 
not included in the present study.

Prolonging the interval between injections and decreasing 
the dosage of CS used may reduce the risk of injury and 
drug-related adverse events. In the present study, HA and CS 
were used in combination and patients were followed up for 
6 months. The CS used in the present study was a compound 
betamethasone, which is primarily composed of betametha-
sone sodium phosphate and betamethasone dipropionate. 
Following administration, the soluble betamethasone sodium 
phosphate is rapidly absorbed and often reaches a peak 
plasma concentration within 1 h, relieving acute pain within 
6 h. Fat-soluble betamethasone dipropionate was absorbed 
slowly in the knee joint capsule, prolonging the duration of 
pain management. Betamethasone was injected directly 
into the OA knee and the majority of patients experienced 
rapid pain relief and improved knee function within 3 days. 
However, the duration of pain relief varied significantly among 
patients, especially in those diagnosed with advanced knee 
OA (KL grading III-IV). In a recent systematic review and 
meta-analysis, Jüni et al (32) concluded that CS injection had 
a negligible effect after 6 months. Due to the potential cardio- months. Due to the potential cardio-months. Due to the potential cardio-
vascular side effects and cartilage erosion associated with CS, 
single CS injections are not recommended in the Department 
of Orthopaedics at The Affiliated Zhongda Hospital of 
Southeast University. The results of the present study suggest 
that, even when combined with HA, CS is unable to maintain 
pain relief for >6 months. As such, co-injection of HA and CS 
once every 6 months may be an effective treatment for patients 
with knee OA. The combined use of HA and CS can provide 
short-term and comparative long-term effects in terms of pain 
relief and knee function improvement. Meanwhile, HA may 
serve to protect the cartilage from CS erosion by adhering to 
the joint cartilage, thus improving the safety of CS application. 

In the present study, no local anesthetic was used in the 
injection spot, as the injection of local anesthetic itself often 
causes unnecessary pain that lasts longer than the joint capsule 
penetration process. According to clinical observations, patients 
who received prompt puncture of the needle into the joint 
capsule experienced minor or acceptable pain experience. The 
use of a thinner needle also alleviated the pain of penetration. 
Therefore, a 22-gauge needle (external diameter, 0.71 mm), 
instead of a commonly used 21-gauge needle (external diameter, 
0.81 mm) (19), was used in the present study. The adverse events 
and pain experience in this study proved minimal. However, a 
patient in the HA&CS group experienced CS-induced facial 
flushing and dizziness. This patient recovered from the symp-
toms within 24 h without any pharmaceutical interventions.

No placebo group was used in the present study, as it has 
previously been demonstrated that the use of HA and/or CS is 
superior compared with a placebo injection (33-35). One limi- (33-35). One limi-(33-35). One limi-
tation of the present study was that the effect of a combined 
use of HA and CS treatment on the cartilage metabolism 
was not investigated. Further basic studies are required to 
determine whether co-treatment with CS and HA can cause 
the long-term cartilage deterioration. The CS injections used 
in the present study were able to induce prompt analgesia for 
acute pain, thus prolonging the necessity for possible surgical 
interventions. However, prior intra-articular injection of CS 
was reported to be associated with an increased infection risk 
for subsequent TKA (36,37). 

In conclusion, patients who received co-treatment with 
HA and CS experienced pain relief and improved knee func-
tion faster than those who received HA alone. However, the 
combined use of HA and CS was not overall superior to HA 
in terms of pain control, knee function and range of motion 
at month 6 post-injection. By adhering to the joint cartilage, 
HA may protect the cartilage from CS erosion, improving the 
safety of CS application. However, further in vivo studies are 
required to investigate the biological mechanisms underlying 
this protective effect. 
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