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Abstract
Background: Synovial hypertrophy is one of the pathological characteristics of knee osteoarthritis (OA),
which is associated with the in�ammation process and disease severity. Ultrasonography (US) is a
practical tool to monitor disease progression and the response to treatment. Intra-articular hyaluronic
acid (IAHA) is one of the commonly-used alternative treatments for knee OA. In this study, we used US to
assess the effects of cross-linked hyaluronic acid, in terms of minimizing in�ammation, by comparing
synovial thickness before and after IAHA.

Methods: Seventy-nine OA patients (107 knees, KL II-III and KL IV with surgery refusal) were treated with
cross-linked IAHA and underwent US before IAHA at 4-week and 3-month follow-up visits after injection.
Comparisons of synovial thickness before and after injection were analyzed. Clinical outcomes were also
evaluated by the recording of the visual analog scale for pain (pain VAS).

Results: The overall synovial thickness was signi�cantly decreased after IAHA at 4 weeks (p=0.01). The
thickness was signi�cantly reduced in KL II (p=0.01), but not signi�cant in KL III and IV (p=0.096 and
0.083, respectively). In KL IV, the thickness was signi�cantly increased at 3 months after IAHA
(p=0.02).The pain VAS improved gradually at 4 weeks and 3 months after IAHA, signi�cantly (p < 0.001)
in all KL stages.

Conclusion: Cross-linked hyaluronic acid injection provided pain relief in all KL stages at 4 weeks and
lasted at least 3 months. However, its anti-in�ammation action was temporary and predominated only in
patients with early-stage OA knee. Concerning in�ammation as a major risk factor for OA progression,
adjunct intervention after IAHA should be added to enhance the therapeutic effect and prevent further
joint destruction.

IRBRTA: R074h/62

Background
The synovium of the osteoarthritic knee shows signi�cant changes, even before visible cartilage
degeneration has occurred, with in�ltration of mononuclear cells, thickening of the synovial lining layer
and the production of in�ammatory cytokines.1 Several cohort studies have shown a positive correlation
between synovial pathology and disease progression.2–4 Therefore, synovitis or synovial hypertrophy
have been proven to be a potential biomarker for the in�ammatory process, disease severity, and
therapeutic response in osteoarthritis (OA) of the knee.5

Ultrasonography (US) has been widely used to detect synovial hypertrophy and effusion in OA knees.
Compared to clinical examination, US is more sensitive and well correlated with the histological
�ndings.6–9 Some studies reported equivalent sensitivity of synovitis detection by US compared to
magnetic resonance imaging (MRI).10,11 Moreover, this tool is non-invasive, relatively inexpensive, and
involves a short examination time, as well as having no radiation burden and good patient
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acceptability.12 Synovial thickness, which can be detected by US, is a practical biomarker to monitor
in�ammation, disease progression and therapeutic response to interventions.

Among the various treatments for osteoarthritis, viscosupplement with intra-articular injection of
hyaluronic acid (IAHA) has been widely and successfully used. IAHA is a less invasive intervention that
may be an effective alternative treatment instead of surgery. The effects of IAHA have been reported to
not only improve the viscoelasticity of synovial �uid, but also minimize in�ammation and disease
progression.13,14 However, few studies have been conducted about cross-linked hyaluronic acid with
higher molecular weight concerning its mechanisms and effects, especially in terms of anti-in�ammation
and pain control.

The purpose of this study was to evaluate the anti-in�ammation effect of cross-linked hyaluronic acid
injection in patients with OA knees, as well as compare the synovial thickness detected by US between
before and after injection. The pain control effect was also monitored for 3 months.

Methods
Our institutional ethics committee approved this study prior to enrollment of the �rst patient (R074h/62).
All patients provided written informed consent before participation in this trial. This study was designed
as a cohort study.

Patients who visited the orthopedic out-patient clinic at Phramongkutklao Hospital from October 2019 to
November 2019 with a chief complaint of knee pain were evaluated. The inclusion criteria were unilateral
or bilateral knee OA according to 2016 American College of Rheumatology (ACR) clinical classi�cation
criteria for early diagnosis of knee OA15 and dissatisfaction with conservative treatment or an inability to
take analgesic medication with the following condition; knee OA with Kellgren-Lawrence (KL) II-III, KL IV
with refusal for surgery, contraindication for nonsteroidal anti-in�ammatory drugs (NSAIDs) or
contraindication for surgery.13 The exclusion criteria comprised patients who had a history that
contributed to secondary knee OA, such as post-infection or in�ammatory joint disease, viscosupplement
treatment within the previous 6 months, intra-articular corticosteroid injection within the previous 3
months or hypersensitivity to hyaluronic acid.

All of the patients underwent US measurement for synovial thickness before intra-articular injection of
cross-linked HA, at 4 weeks, and 3 months after injection. Standing knee radiographs (anteroposterior and
lateral views) were applied to classify disease severity with KL classi�cation.16

An ultrasonogram machine (GE Healthcare model LOGIQ® e); preset: musculoskeletal – knee in B mode,
12L-RS wideband linear probe (12-MHz) was used. The patients were set in a supine position on an
examination table with knees maintained in a �exed but relaxed position at 30 degrees. (Fig. 1) A midline
scanning technique was used by vertically applying a linear probe at just proximal to the superior pole of
the patella.17− 19 The quadriceps were identi�ed as parallel lines of muscle �bers originating from the
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superior pole of the patella. Suprapatellar pre-femoral fat pad, which would be identi�ed as a
heterogenous fatty streak, was located just proximally to the anterior region of the femoral condyles. The
homogenous echoic layer of tissue overlying the fat pad was the synovium.20,21 The thickest part of the
synovium was measured in millimeters to one decimal. (Fig. 2)

All patients received a single intra-articular injection of cross-linked hyaluronic acid; Hyruan ONE (LG
Chem, Ltd. Jeollabuk-Do, Republic of Korea). Injection was performed in a supine position. The knee was
�exed approximately 90 degrees and prepared in a sterile fashion, after which 2 mL of 2% lidocaine
hydrochloride with 1:80,000 epinephrine was in�ltrated into the skin and subcutaneous tissue at the
lateral soft spot of the knee joint just inferior to the lower pole of the patella with a 21-gauge needle. The
accuracy of the injection was assessed by an unobstructed injection of lidocaine into the knee joint. In
cases of joint effusion, the �uid would be aspirated into a separate syringe. The same needle was left in
place and then a syringe pre�lled with 60 mg/3 mL of cross-linked HA was injected.22 All patients were
under the same post-injection pain control protocol with a prescription of tramadol and acetaminophen.
The patients were advised not to take any other medications relevant to the treatment of the knee or
arthritis.

Statistical analysis
Synovial thickness, detected by US measurement of the knee OA patients in each KL classi�cation, was
recorded as the baseline characteristic before IAHA. At 4 weeks and 3 months after injection, the US
measurements were repeated to observe changes in the synovial thickness. Knee pain was also
evaluated at every visit by recording the visual analog scale for pain (pain VAS).

All data were given as means ± standard deviation (SD). Statistical comparisons were performed using
paired Student’s t-test for comparison of synovial thickness before and after IAHA. The synovial thickness
changes in different groups of knee OA patients, according to KL classi�cation, were assessed by
unpaired t-test. A signi�cant level was p-value < 0.05. Statistical analysis was performed with
STATA/MP12.

Results
Seventy-nine participating patients with 107 knees diagnosed as osteoarthritis were included in this
study. The demographic data of the subjects are described in Table 1.
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Table 1
Demographic data

Characteristic Data

Sex, N (%)  

Male 21 (26.6%)

Female 58 (73.4%)

KL stage, N (%)  

I 0 (0%)

II 43 (40%)

III 49 (45%)

IV 15 (15%)

Age (years) 64.62 ± 9.21 (range, 44–87)

Weight (kg) 66.68 ± 12.90 (range, 42–103)

Height (cm) 158.75 ± 7.40 (range, 144–178)

BMI (kg/m2) 26.38 ± 4.30 (range, 19.17–38.86)

The mean (SD) synovial thickness of all knee joints decreased signi�cantly at 4 weeks after IAHA (p = 
0.01). (Table 2) At 3 months, the mean (SD) synovial thickness of all knee joints increased markedly from
2.28 mm (0.76) to 2.41 mm (0.77) (p = 0.047).

Table 2
Comparison of synovial thickness before IAHA, 4 weeks and 3 months after

injection

  Mean ± SD* Minimum Maximum p-value

1st visit 2.28 ± 0.76 1.00 5.10 0.01

4 weeks after IAHA 2.20 ± 0.83 1.00 5.10

1st visit 2.28 ± 0.76 1.00 5.10 0.047

3 months after IAHA 2.41 ± 0.77 1.20 5.10

* Synovial thickness (mm)

Considering the different groups of knee OA, only the synovial thickness in the KL II group decreased
signi�cantly at 4 weeks after IAHA but was not different at 3 months after IAHA. The synovial thickness
in the KL III group was not signi�cantly different at either 4 weeks or 3 months after IAHA. In the KL IV
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group, the synovial thickness was not signi�cantly different at 4 weeks after IAHA, while there was a
signi�cant increase at 3 months after IAHA. (Table 3 and Fig. 3)

Table 3
Synovial thickness in different groups of knee OA

  Mean ± SD* Median Min Max p-value

1st vs. 4 wk

p-value

1st vs. 3 mo

KL II 1st visit 2.02 ± 0.67 1.85 1.00 3.70 0.01 0.582

4 weeks 1.88 ± 0.64 1.70 0.80 3.60

3 months 2.10 ± 0.62 2.10 1.20 3.60

KL III 1st visit 2.40 ± 0.75 2.20 1.20 4.90 0.096 0.127

4 weeks 2.34 ± 0.87 2.20 1.00 4.90

3 months 2.62 ± 0.77 2.40 1.50 5.00

KL IV 1st visit 2.75 ± 0.86 2.40 1.80 5.10 0.083 0.020

4 weeks 2.80 ± 0.84 2.45 1.70 5.10

3 months 2.81 ± 0.88 2.50 1.90 5.10

* Synovial thickness (mm)

The overall pain VAS was signi�cantly decreased after IAHA at 4 weeks and 3 months follow-up (p < 
0.001). (Table 4)

Table 4
Comparison of visual analog scale for pain before and after IAHA

  Pain VAS

Mean ± SD

p-value

1st vs. 4 wk

p-value

1st vs. 3 mo

p-value

4 wk vs. 3 mo

1st visit 4.9 ± 1.39 < 0.001 < 0.001 < 0.001

4 weeks 3.13 ± 1.49

3 months 1.9 ± 1.55

The pain VAS in different groups of knee OA at 4 weeks and 3 months after IAHA were also signi�cantly
decreased. (Table 5)
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Table 5
Comparison of visual analog scale for pain in different groups of knee OA after

IAHA

  Pain VAS

Mean ± SD

p-value

1st vs. 4 wk

p-value

1st vs. 3 mo

p-value

4 wk vs. 3 mo

KL II 1st visit 4.84 ± 1.35 < 0.001 < 0.001 < 0.001

4 weeks 3.29 ± 1.33

3 months 1.9 ± 1.57

KL III 1st visit 5.08 ± 1.53 < 0.001 < 0.001 < 0.001

4 weeks 2.84 ± 1.3

3 months 1.88 ± 1.16

KL IV 1st visit 4.86 ± 1.41 0.009 < 0.001 0.003

4 weeks 3.57 ± 1.83

3 months 2.29 ± 2.2

Discussion
Current studies on knee OA treatment tend to be mainly based on clinical outcomes such as knee pain or
functional improvement, but well-designed studies should also be conducted with intra-articular
biomarkers, which may indicate long-term treatment results.

IAHA is known to have clinical effects that can decrease the pain related to knee OA. Similarly, we found
in our study that cross-linked IAHA provided pain relief in all KL stages at 4 weeks and lasted at least 3
months. Moreover, our study also evaluated the intra-articular biomarker, which comprised synovial
thickness measured by US as well. Even though the role of US in detecting synovitis (synovial
hypertrophy or synovial thickness) is well known, it is di�cult to establish a cut-off between healthy
synovial thickness and synovitis in patients with knee OA. Recent studies have suggested that synovial
thickness greater than 2 mm was well-correlated with in�ammation and disease severity.23,24 In our study,
the results showed that IAHA has a temporary effect of in�ammatory reduction, especially in patients
with early-stage knee OA. In the advanced stage of knee OA, the synovium was thicker than early-stage
OA and showed no response to IAHA.

In�ammation is known to be a major risk of knee OA and disease progression. Although the IAHA caused
signi�cantly decreased in�ammation in the early-stage knee OA patients, our study showed its effect for
a short period (4 weeks), so we suggest that all knee OA patients should add any adjunct medication or
intervention to prevent further joint destruction and structural damage.
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Cross-linked IAHA showed a longer effect of pain reduction, but the anti-in�ammatory effect was limited.
Therefore, monitoring the treatment response for knee OA with pain symptom or function might not be
appropriate or su�cient. The evaluation of biomarkers, such as synovitis, could be useful and more
reliable.

There were some limitations in our study. Firstly, there was no placebo group, so it cannot be ruled out
that IAHA has superior e�cacy compared with a placebo injection. Secondly, the follow-up period was
relatively short. Long-term results should be evaluated in future research. Third, many patients in this
study had early and moderate OA (KL II and III), while a small portion of the sampling had advanced OA
(KL IV).

Conclusion
Cross-linked IAHA had a temporary anti-in�ammatory effect in the early stage of knee OA, supported by
synovial thickness that was decreased only in KL II at 4 weeks after injection. Concerning in�ammation
as a major risk factor for OA progression, adjunct intervention after IAHA should be added to enhance the
therapeutic effect and prevent further joint destruction.

Abbreviations
OA: osteoarthritis, US: ultrasonography, MRI: magnetic resonance imaging, IAHA: intra-articular hyaluronic
acid, ACR: American College of Rheumatology, KL: Kellgren-Lawrence, NSAIDs: nonsteroidal anti-
in�ammatory drugs, VAS: visual analogue scale, SD: standard deviation
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Figures

Figure 1

Synovial thickness in different groups of knee OA
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Figure 2

Ultrasonogram imaging and measurement of synovial thickness (S=synovial hypertrophy, E=effusion,
FC=femoral condyle, Q=quadriceps, F=pre-femoral fat pad, and P=patella)
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Figure 3

Ultrasonography with mid-line scanning technique using a linear probe


