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Abstract

Background: This randomized, double-blind, multi-center, non-inferiority trial was conducted to assess the efficacy and
safety of a cross-linked hyaluronate (XLHA, single injection form) compared with a linear high molecular hyaluronate
(HMWHA, thrice injection form) in patients with symptomatic knee osteoarthritis.

Methods: Two hundred eighty seven patients with osteoarthritis (Kellgren-Lawrence grade I to III) were randomized to
each group. Three weekly injections were given in both groups but two times of saline injections preceded XLHA
injection to maintain double-blindness. Primary endpoint was the change of weight-bearing pain (WBP) at 12 weeks after
the last injection. Secondary endpoints included Western Ontario and McMaster Universities Osteoarthritis index; patient’s
and investigator’s global assessment; pain at rest, at night, or in motion; OMERACT-OARSI responder rate; proportion of
patients achieving at least 20 mm or 40% decrease in WBP; and rate of rescue medicine use and its total consumption.

Results: Mean changes of WBP at 12 weeks after the last injection were −33.3 mm with XLHA and −29.2 mm with
HMWHA, proving non-inferiority of XLHA to HMWHA as the lower bound of 95% CI (−1.9 mm, 10.1 mm) was well
above the predefined margin (−10 mm). There were no significant between-group differences in all secondary
endpoints. Injection site pain was the most common adverse event and no remarkable safety issue was identified.

Conclusions: This study demonstrated that a single injection of XLHA was non-inferior to three weekly injections of
HMWHA in terms of WBP reduction, and supports XLHA as an effective and safe treatment for knee osteoarthritis.

Trial registration: ClinicalTrials.gov (NCT01510535). This trial was registered on January 6, 2012.
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Background
In the treatment of mild to moderate osteoarthritis (OA),
pharmacologic treatments including analgesics and non-
steroidal anti-inflammatory drugs (NSAIDs) are recom-
mended along with various non-pharmacologic modalities
such as exercise and weight reduction. However, most of
the currently available pharmacologic treatment has its
own limitations regarding tolerability and durability. In
the search of an alternative treatment option, attention
has turned to viscosupplementation, of which the concept
was based on the recognition that synovial hyaluronan
(HA) is decreased in its concentration and length of its
chain in OA patients [1]. HA is a natural viscoelastic sub-
stance known to play an important role in lubricating,
shock-absorbing, and maintaining the normal physiology
of articular cartilage [2].
Since late 1990s, many studies have investigated the effi-

cacy and safety of various intra-articular HA (IAHA)
preparations of various molecular weights (MW), espe-
cially for knee OA. The compiled available evidence [3–5]
suggests positive effect of IAHA preparations in pain re-
duction and functional improvement and a conditional
recommendation was given for IAHA to treat knee OA by
professional guidelines [6, 7]. Still, some controversies
exist on the clinical efficacy of the intra-articular injection
of various HA preparations [8–12]. Therefore, further in-
vestigations to gather qualitative data from randomized,
controlled trials of various comparisons are warranted.
In the light of this context, we had planned a randomized,

double-blind comparative study to investigate the efficacy
and safety of a cross-linked HA (XLHA) compared with
those of a linear high molecular weight HA (HMWHA).
Increase in the MW, stability, and viscosity of HA by
cross-linking has been known to result in an extended dur-
ation of action with less number of intra-articular injections
[13–15]. The present study was therefore designed to assess
the non-inferiority of the single injection of XLHA to three
weekly injections of HMWHA and to compare the efficacy
and safety of the two preparations in patients with mild to
symptomatic moderate knee OA.

Methods
Materials
A newly developed XLHA product with MW ≥
10000 kDa, LBSA0103 (LG life sciences, Iksan, South
Korea), and Hyruan Plus® (LG life sciences, Iksan, South
Korea), a linear HMWHA of mean MW of 3000 kDa
were used for this clinical trial. Both preparations are
derived from bacteria (Streptococcus zooepidermicus).
Hyruan Plus® has been used in more than 25 countries
with the indications of OA of the knee, shoulder, hip,
and ankle although specific indication may be different
in each country; and its efficacy and safety have been
published in several preclinical [16, 17] and clinical trials

[18, 19]. For LBSA0103, HA is modified to form a bigger
and more stable HA by using 1, 4-butanediol diglycidyl
ether (BDDE) as the cross-linker of which the safety and
metabolism have been well established [20].

Study design
This was a randomized, double-blind, multi-center (12 in-
vestigational sites) study to evaluate the efficacy and safety
of XLHA compared with HMWHA, in patients with
symptomatic knee OA. After going through screening at
Visit 1 and washout-period of 2 weeks, eligible patients
were randomized into each group (XLHA or HMWHA)
in a 1:1 ratio to receive three intra-articular injections of
the assigned intervention (Visit 2-Visit 4). Study group re-
ceived two placebo (saline) and one XLHA injections and
control group received three HMWHA injections. The
two injection of placebo in the study group was inevitable
to maintain the double blindness of this study. A block
randomization scheme with a block size of 4, stratified by
investigational site and involvement of unilateral or
bilateral knees, was generated using SAS® version 9.1 (SAS
Institute Inc., Cary, NC, USA). Patients were followed up
at 1 week, 6 weeks, and 12 weeks after the last injection
(Visit 5-Visit 7). Total study period (FPI-LPO) was
11 months (Dec. 2011-Oct. 2012).
Patients, investigators, and all study related personnel

including study monitors were blinded to the assigned
treatment. To maintain double-blind conditions, injections
were given only by a dedicated independent non-blinded
investigator and efficacy assessments were made by another
independent investigator in each site, who was also
concealed from the treatment information.
The study was coducted in accordance with the ethical

principles of Helsinki Declaration, good clinical practice,
and applicable local regulations. The government regula-
tory authority and the IRB of each investigational site
granted approval for the study and informed consent was
obtained from all individual participants included in the
study. The patients who enrolled in this clinical trial did
not receive any inappropriate financial compensation
except transportation fee.

Study population
Patients aged 40 years or older with knee OA that satis-
fies the diagnostic criteria of American College of
Rheumatology [21] and Kellgren-Lawrence [22] grade I
to III by X-ray were enrolled. All patients underwent
simple radiographs including standing anteroposterior
and lateral views, standing posteroanterior view with 45°
knee flexion (Rosenberg view), and merchant view. The
severity of OA based on Kellgren-Lawrence grade was
evaluated by two independent experienced radiologists
who were blinded to the assigned treatment. The
inclusion criteria were Kellgren-Lawrence grade I to III
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by X-ray, weight-bearing pain (WBP) ≥40 mm in the af-
fected knee by 100 mm visual analog scale (VAS), per-
sistent pain at least in one knee despite of treatments
with NSAIDs or other analgesics, and willing to discontinue
current OA treatments. The exclusion criteria were the fol-
lowings: body mass index (BMI) >32; rheumatoid arthritis
or other metabolic/inflammatory arthritis; septic arthritis;
skin lesion in the affected knee; secondary knee OA; dis-
eases accompanying severe pain such as Sudek’s atrophy,
Paget’s disease, or spinal disc herniation; polyarticular OA
that may hinder pain assessment of knee; significant loss of
patellofemoral joint space confirmed by X-ray; patients with
severe knee joint effusion; heart, liver, and kidney disorder;
need of anticoagulant medication except aspirin; pregnant
or lactating women; women with child-bearing potential
not willing to use effective contraception; history of surgical
procedures in the affected knee within 12 months; joint re-
placement surgery of the affected knee; use of previous OA
treatments that would interfere with study assessment such
as IAHA in the affected knee within 9 months, IAHA in
the other joints within 6 months, IA steroid injection
within 3 months, or oral steroids within a month; use of
contraindicated treatment (refer to 4.4) during washout
period; and use of any analgesics including acetaminophen
or aspirin within 24 h from randomization; administration
of anesthetics within 48 h from randomization.

Intervention
One dedicated independent investigator per institute per-
formed the injections. The study group received two times
of weekly injections of placebo (phosphate buffered saline,
18 mg/2 mL/injection) followed by an injection of XLHA
(60 mg/3 mL/injection), on the third week. The control
group received three weekly injections of HMWHA
(20 mg/2 mL/injection). Injections were given using 21G
needles with strict aseptic techniques. Any effusions, if
present, were aspirated into a separate syringe before the
administration of the XLHA or HMWHA, the same nee-
dle was left in place for the XLHA or HMWHA prefilled
syringe injection. During the entire study period, patients
were not allowed to use steroid, NSAIDs, chondroitin sul-
fate/glucosamine or other pain relieving methods includ-
ing physical therapy. Low dose aspirin (≤300 mg/day)
taken for a cardiovascular condition was allowed. Acet-
aminophen (≤4 g/day) taken as a rescue therapy was
allowed. However, these agents should be stopped 24 h
before each assessment visit.

Outcome measures
The primary endpoint was the change of weight-bearing
pain (WBP) assessed by 100 mm visual analogue scale
from baseline (Visit 2) to Visit 7. This variable was also
evaluated for Visit 5 and Visit 6 as secondary endpoints.
Changes in the following secondary endpoints were also

assessed at Visit 5, 6, and 7: Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
total score; WOMAC subscale (pain, function, stiffness)
score; patient’s global assessment; investigator’s global
assessment; pain at rest; pain at night; pain in motion;
severity of swelling and tenderness; range of knee joint
motion at baseline and follow-up visits; the proportion
of patients satisfying responder criteria suggested by the
Outcome Measures for Rheumatology Committee and
Osteoarthritis Research Society International Standing
Committee for Clinical Trials Response Criteria Initia-
tive (OMERACT-OARSI) [23]; WBP responder rate,
which was defined as the proportion of patients achiev-
ing at least 20 mm of decrease or 40% reduction from
baseline in WBP; and the proportion of patients using
rescue medicine (acetaminophen); total consumption of
the rescue medicine.
Safety was assessed by adverse events (AEs). All of the

AEs that occured during the study period were collected
at each visit by the investigator’s observation and also by
asking any experience of AEs to the patients. The AEs
were collected regardless of the severity or relationship to
the study drugs. The AEs were classified according to the
Medical Dictionary for Regulatory Activities (MedDRA
Ver. 15.0). Particular attention was paid to injection site
reactions (erythema, swelling, pain, or warmth), which
was collected by solicitation method using patients’ diary
cards for 7 days after each injection. The vital signs and la-
boratory tests were evaluated and clinically significant
change was collected as AEs during the study.

Statistical analysis
The primary purpose was to prove the non-inferiority of
XLHA to HMWHA in terms of decreasing the WBP. As-
suming a standard deviation of 24.3 based on the phase III
study of HMWHA and the non-inferiority margin of
−10 mm [24], the sample size needed for the non-
inferiority test was 93 per group, which would provide 80%
power at a significance level of 5%. The final sample size
was 266 (133 per group) to accommodate 30% drop-out or
protocol violation.
For the primary endpoint, two-sided 95% confidence

interval (CI) for between-group difference (HMWHA -
XLHA) was calculated; and if the lower bound of the CI
was greater than -10 mm, the non-inferiority of XLHA to
HMWHA was to be declared. Missing values of the pri-
mary endpoint were replaced by the last available data ac-
cording to the last observation carried forward approach.
For secondary endpoints, between-group differences and
the differences from baseline were tested. Depending on
the data normality of continuous variables, a two sample
t-test or a Wilcoxon's rank sum test was used for the
between-group comparison whereas a paired t-test or a
Wilcoxon’s signed rank test was used for the within-group
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comparison. For categorical variables, the between-group
comparison was tested using a Chi-square test or a Fish-
er’s exact test. All statistical analyses were performed using
SAS® software version 9.1 (SAS Institute, Cary, NC, USA).

Results
Patient population
During the study period, 310 patients were screened and
23 were excluded due to consent withdrawal (12) or non-
eligibility (11); 287 were randomized; 276 received
planned series of study treatments; 266 completed the
12 weeks of follow-up visits (Fig. 1). Excluding two pa-
tients who withdrew their consent before receiving an in-
jection, 285 patients were included in the safety analysis.
Among these 285 patients, two were never evaluated for
efficacy outcome after baseline and were excluded from
the efficacy analysis. Thus full analysis set (FAS) included
283 patients whereas per-protocol set (PPS) included 208
patients after exlcuding 75 patients with major protocol

violations. No between-group difference in the drop-out
or protocol violation rates was noted (Fig. 1). Patients
demographics and baseline characteristics were compar-
able between the two groups (Table 1).

Efficacy
The changes in WBP from baseline to Visit 5, 6, and 7
in PPS are shown in Fig. 2. Significant reduction in WBP
was observed at 1 week after the last injection and it
was further evident at week 6 and week 12. The changes
observed at 12 weeks after the last injection were still
significant in both groups and the two-sided 95% CI for
between-group difference was from −1.9 mm to
10.1 mm. Analysis with FAS also showed similar results:
−28 mm in HMWHA and. -32 mm in XLHA; 95% CI,
(−1.3 mm, 9.2 mm). As the lower bound of 95% CI was
greater than the preset margin (−10 mm), the non-
inferiority of XLHA to HMWHA was demonstrated.

Fig 1 Patient Distribution. The bars in the far left indicate each visit; however, the distance between each visit is not proportional to the actual
time because of the limited space. Patients randomized to the cross-linked hyaluronate (XLHA) group received two placebo injections before the
third injections, which was given as XLHA

Ha et al. BMC Musculoskeletal Disorders  (2017) 18:223 Page 4 of 10



Changes in secondary endpoints of continuous variables
at the three follow-up visits (Visit 5, 6, and 7) were all sig-
nificant (P < 0.001) and consistently indicated a general
improvement with both interventions (Table 2). The mag-
nitude of changes in these secondary endpoints was evi-
dent at 6 weeks after the last injection and it was
maintained at 12 weeks. No between-group difference was
observed in any of the secondary endpoints at every
follow-up point. The responder rate by OMERACT-
OARSI and by the predefined responder criteria on WBP
were slightly higher with XLHA than with HMWHA,
although the difference was not statistically significant
(Table 3). The severity of swelling or tenderness in the
knee joint and the proportion of patients with swelling or
tenderness showed meaningful improvement in both
groups throughout the follow-up period. No between-
group difference was observed (Table 2). The range of
knee motion was maintained thoughout the follow-up

period and no between-group difference was observed
(Table 2). Similar proportions of patients used the rescue
medicine: 81/111 (73%) in HMWHA group vs. 62/97
(64%) in XLHA group (P = 0.160). The consumption of
rescue medication during the study period was similar,
and there was a tendency that less proportion of patients
in XLHA group used the rescue medicine than those in
HMWHA group during the period of Visit 6 – Visit 7
(37% vs. 50%, P = 0.053).

Safety
Patients in both groups well tolerated the interventions.
General adverse events were spontaneously reported in
90 patients (32%) during the study: 42 patients (29%) in
HMWHA group experienced 63 adverse events whereas
48 patients (35%) in XLHA group experienced 73 ad-
verse events (P = 0.295). All general adverse events are
summarized by system organ class (Table 4) and adverse
events reported in more than 1% of any group at pre-
ferred term level were also presented (Table 5). Total of
8 patients experienced 9 adverse drug reactions (ADRs),
related with the study interventions; 1 patient (1 event)
in HMWHA group, 7 patients (8 events) in XLHA
group (Table 6). Between-group difference in the rate of
patients experiencing ADR was statistically significant;
however, the significance was not relevant after remov-
ing 3 events that occurred after placebo injections in
XLHA group (0.68% vs. 3.6%, P = 0.113, Fisher’s exact
test). All those 5 events assessed to be related with
XLHA injection did not require medical intervention to

Table 1 Patients demographics and baseline characteristics (Full
Analysis Set)

HMWHA XLHA P-value

(N = 146) (N = 137)

Sex

Male 26 (19%) 32 (22%) 0.54A

Female 111 (81%) 114 (78%)

Age, years 62.38 (8.43) 61.97 (8.64) 0.68B

BMI, kg/m2 24.82 (2.65) 25.14 (2.91) 0.52C

Affected knee, patients

Left 23 (15.75) 22 (16.06) 0.67A

Right 26 (17.81) 30 (21.90)

Bilateral 97 (66.44) 85 (62.04)

Duration of knee OA, years

Left 3.08 (0.08,26) 3.83 (0.08, 22.08) 0.98C

Right 3 (0.08, 26) 4 (0.08, 24.08) 0.19C

K-L grade, patients

Grade I 28 (19.18) 19 (13.87) 0.36A

Grade II 65 (44.52) 59 (43.07)

Grade III 53 (36.30) 59 (43.07)

100 mm VAS on WBP 61.01 (13.22) 61.79 (13.76) 0.68C

WOMAC index

Pain subscore 10.56 (3.31) 10.26 (3.05) 0.33C

Function subscore 34.53 (11.64) 33.75 (10.53) 0.56B

Stiffness subscore 3.97 (1.72) 3.87 (1.61) 0.72C

Total score 49.05 (16.01) 47.88 (14.18) 0.52C

BMI Body mass index, OA osteoarthritis, K-L Kellgren-Lawrence, VAS visual
analogue scale, WBP weight bearing pain, WOMAC Western Ontario and
McMaster Universities Osteoarthritis. Continuous variables are presented with
mean (SD) except duration of knee OA, which is presented with median
(min, max)
A, P-value obtained from Chi-square test; B, P-value obtained from two-sample
t-test; C, P-value obtained from Wilcoxon’s rank sum test

Fig 2 Mean Changes from Baseline in Weight-bearing Pain. Significant
reduction in WBP was observed at 1 week after the last injection
(−18 mm in HMWHA, P< 0.001 and −20 mm in XLHA, P< 0.001); and it
was further evident at week 6 week and week 12. The changes observed
at 12 weeks after the last injection were still significant in both groups
(−29 mm in HMWHA, P< 0.001 and −33 mm in XLHA, P< 0.001).
Reductions in WBP at V5, V6 and V7 from baseline were all significant
(P< 0.001, paired t-test) in both groups. V, Visit; W, Week; Vertical arrows
represent injections of investigational products; Error bars indicate 95%
confidence interval of mean change
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treat them; were mild in intensity except one event (joint
swelling of moderate intensity); and were resolved dur-
ing study period except one event (swelling of mild
intensity).
The incidence of local injection site reactions which

occurred within for 7 days after each injection were
similar in the two groups (P = 0.29-0.94, (Table 7)). The
proportions of patients experiencing local reactions after
HMWHA administration did not differ from those after
placebo administration in the XLHA group. In addition,
the rates did not increase with the subsequent injection
of XLHA on the third week. Those local reactions were
mild or moderate in most of the patients (80%-100%) in
both groups and lasted three to four days. No patients
required a medical treatment to treat them and none
were dropped out because of the local reactions. Two
serious adverse events (1 rib fracture, 1 malignant neoplasm
of lung) were reported during the study period and none
were assessed as related with study interventions. No
clinically significant changes were found in vital signs,
hematology, serum chemistry, and urinalysis.

Discussion
In this randomized, double-blind, controlled trial in 285
patients with symptomatic knee OA, a single intra-
articular injection of XLHA was not inferior to three
weekly injection of HMWHA on efficacy with favorable
safety profile. Patients in both groups showed significant
improvement from baseline throughout the 12-week
follow-up period with regard to WBP, pain in various

Table 2 Mean changes in secondary endpoints from baseline to
follow-up visits (Per-protocol Set)

HMWHA XLHA P-value

N = 111 N = 97

WOMAC

Pain subscore Visit 5 −3.2 (3.15) −2.77 (3.28) 0.51B

Visit 6 −3.87 (3.53) −3.39 (3.64) 0.54B

Visit 7 −4.23 (3.7) −3.96 (3.37) 0.59A

Function subscore Visit 5 −8.05 (9.73) −7.89 (10.23) 0.91A

Visit 6 −11.03 (11.84) −10.74 (10.84) 0.86A

Visit 7 −12.09 (12.47) −12.57 (9.58) 0.76A

Stiffness subscore Visit 5 −0.99 (1.67) −0.88 (1.6) 0.58B

Visit 6 −1.21 (1.72) −1.18 (1.59) 0.94B

Visit 7 −1.34 (1.84) −1.25 (1.59) 0.75B

Total score Visit 5 −12.18 (13.56) −11.54 (13.93) 0.74A

Visit 6 −16.02 (16.04) −15.31 (15) 0.74A

Visit 7 −17.57 (17.21) −17.77 (13.47) 0.92A

Patient’s global assessment

Visit 5 −15.11 (18.22) −17.51 (23.72) 0.91B

Visit 6 −23.15 (21.88) −24.64 (22.55) 0.86B

Visit 7 −26.91 (24.34) −30.1 (21.75) 0.32A

Investigator’s global assessment

Visit 5 −21.86 (20.07) −21.1 (22.08) 0.71B

Visit 6 −27.66 (19.75) −28.24 (23.44) 0.93B

Visit 7 −33.23 (20.92) −32.52 (22.89) 0.82A

100 mm VAS on pain

Rest pain Visit 5 −12.88 (22.64) −15.18 (24.51) 0.51B

Visit 6 −20.81 (22.75) −23.1 (24.43) 0.49A

Visit 7 −21.69 (24.53) −27.49 (23.69) 0.09A

Night pain Visit 5 −15.07 (23.5) −13.96 (23.28) 0.87B

Visit 6 −21.83 (26.37) −23.93 (22.41) 0.54A

Visit 7 −23.28 (27.72) −25.27 (21.16) 0.56A

Motion pain Visit 5 −15.83 (20) −17.06 (24.32) 0.59B

Visit 6 −22.67 (23.95) −25.86 (23.46) 0.34A

Visit 7 −25.93 (26.59) −29.62 (22.21) 0.28A

Range of Knee Motion (°)

Visit 5 135.39 (9.07) 134.02 (9.65) 0.27B

Visit 6 135.29 (8.88) 134.35 (9.25) 0.46B

Visit 7 135.71 (8.62) 134.99 (9.23) 0.51B

Swelling

Visit 5 18 (16.22) 22 (22.68) 0.24C

Visit 6 14 (12.61) 17 (17.53) 0.32C

Visit 7 16 (14.41) 12 (12.37) 0.67C

Tenderness

Visit 5 33 (29.73) 38 (39.18) 0.15C

Visit 6 31 (27.93) 28 (28.87) 0.88C

Table 2 Mean changes in secondary endpoints from baseline to
follow-up visits (Per-protocol Set) (Continued)

Visit 7 24 (21.62) 24 (24.74) 0.59C

Data are mean (SD) except for swelling and tenderness, both of which are
presented as number of patients (%)
A, P-value obtained from two-sample t-test; B, P-value obtained from Wilcoxon’s
rank sum test; C, P-value obtained from Chi-square test

Table 3 Responder rate (Per-protocol Set)

HMWHA XLHA P-valueA

N = 111 (%) N = 97 (%)

Decrease in weight-bearing pain
≥ 20 mm or ≥ 40% improvement

Visit 5 52 (46.85) 46 (47.42) 0.93

Visit 6 66 (59.46) 70 (72.16) 0.05

Visit 7 76 (68.47) 73 (75.26) 0.28

OMERACT-OARSI response

Visit 5 38 (34.23) 28 (28.87) 0.41

Visit 6 48 (43.24) 47 (48.45) 0.45

Visit 7 55 (49.55) 57 (58.76) 0.18
A, P-value obtained from Chi-square test
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activities, knee function, WOMAC total score and sub-
scale scores, patient’s and investigator’s global assess-
ments, and severity of swelling and tenderness in the
knee joint. No significant between-group difference in
the secondary efficacy endpoints was observed. Although
statistical significance was not identified, it was note-
worthy that OMERACT-OARSI responder rate (59% vs.
50%, P = 0.184) and WBP responder rate (75% vs. 68%,
P = 0.279) were slightly higher with XLHA than with
HMWHA.
The results of this study showed significant clinical

improvement with both treatments at 6 weeks after the
last injection. The improvement at 6 weeks was greater
than that observed at 1 week after the last injection, and
maintained until 12 weeks after the last injection. This

Table 4 Number of patients experiencing adverse events at
system organ class

System Organ Class HMWHA XLHA

N = 146
(%)

N = 139
(%)

Eye disorders 1 (0.7) 3 (2.2)

Gastrointestinal disorders 9 (6.2) 4 (2.9)

General disorders and administration site
conditions

4 (2.7) 9 (6.5)

Infections and infestations 9 (6.2) 13 (9.4)

Injury, poisoning and procedural
complications

2 (1.4) 3 (2.2)

Investigations 0 (0) 2 (1.4)

Metabolism and nutrition disorders 1 (0.7) 1 (0.7)

Musculoskeletal and connective tissue
disorders

15 (10.3) 12 (8.6)

Neoplasms benign, malignant and unspecified
(including cysts and polyps)

0 (0) 1 (0.7)

Nervous system disorders 6 (4.1) 5 (3.6)

Psychiatric disorders 1 (0.7) 0 (0)

Respiratory, thoracic and mediastinal disorders 4 (2.7) 2 (1.4)

Skin and subcutaneous tissue disorders 1 (0.7) 6 (4.3)

Surgical and medical procedures 1 (0.7) 1 (0.7)

Vascular disorders 1 (0.7) 1 (0.7)

Table 5 Number of patients experiencing common adverse
Events (>1% of Population)

Preferred Term HMWHA XLHA

N = 146 (%) N = 139 (%)

Diarrhoea 3 (2.1) 1 (0.7)

Dyspepsia 1 (0.7) 2 (1.4)

Injection site pruritus 2 (1.4) 1 (0.7)

Pain 1 (0.7) 4 (2.9)

Pyrexia 0 (0) 3 (2.2)

Cystitis 2 (1.4) 2 (1.4)

Nasopharyngitis 3 (2.1) 7 (5)

Upper respiratory tract infection 0 (0) 3 (2.2)

Joint swelling 0 (0) 2 (1.4)

Musculoskeletal pain 0 (0) 2 (1.4)

Pain in extremity 6 (4.1) 3 (2.2)

Plantar fasciitis 0 (0) 2 (1.4)

Headache 5 (3.4) 1 (0.7)

Paraesthesia 0 (0) 2 (1.4)

Cough 3 (2.1) 0 (0)

Erythema 0 (0) 2 (1.4)

Table 6 Adverse drug reactions

Adverse Drug Reactions HMWHA XLHA P-value

N = 146 N = 139

Injection site pruritus 1 (1) 1 (1)A 1.00

Pain 0 (0) 1 (2)A 0.49

Swelling 0 (0) 1 (1) 0.49

Injection site hemorrhage 0 (0) 1 (1) 0.49

Joint swelling 0 (0) 1 (1) 0.49

Erythema 0 (0) 2 (2)A 0.24

Total number 1 (1) 7 (8) 0.03

Data are number of patients experiencing adverse drug reaction and the
numbers in parenthesis are number of events
A, In XLHA group, 3 adverse drug reactions (each event of injection site
pruritus, pain, and erythema) occurred after placebo injection, which preceded
XLHA injection

Table 7 Number of patients experiencing solicited local reactions
at the injection site

HMWHA XLHA P-value

N = 146 (%) N = 139 (%)

After 1st Injection 58 (39.7) 52 (37.4) 0.69

Redness 27 (18.5) 21 (15.1) 0.45

Swelling 13 (8.9) 10 (7.2) 0.60

Pain 38 (26) 44 (31.7) 0.29

Warmth 23 (15.8) 23 (16.5) 0.86

After 2nd Injection 43 (29.9) 40 (29.4) 0.93

Redness 18 (12.5) 16 (11.8) 0.85

Swelling 6 (4.2) 5 (3.7) 0.83

Pain 30 (20.8) 27 (19.9) 0.84

Warmth 16 (11.1) 13 (9.6) 0.67

After 3rd Injection 38 (27.1) 40 (29.4) 0.68

Redness 17 (12.1) 14 (10.3) 0.63

Swelling 11 (7.9) 11 (8.1) 0.94

Pain 31 (22.1) 34 (25) 0.58

Warmth 12 (8.6) 17 (12.5) 0.29
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course of changes in the clinical efficacy is in agreement
with a meta-analysis of 54 clinical trials that included
data from 7545 patients [4], which showed IAHA was
efficacious by 4 weeks, reached its maximum efficacy by
8 weeks, and its efficacy was maintained up to 24 weeks.
Likewise, the degree of change in WBP observed in the
present study (−33.3 mm with XLHA and −29.2 mm
with Hyruan Plus® at 12 weeks) was similar to the previ-
ous studies using HMWHA [19] or other high molecular
weight (1000–7000 KDa) HA preparations (Orthovisc®
[25] and Artzal® and Synvisc® [26]). In the study with
Orthovisc®, IAHA was compared with methyl prednisol-
one acetate (MPA) and the results in terms of all pain
scores and Lequesne index at 3 month favoured IAHA
but no between-group difference was found at 6 month.
A BDDE cross-linked HA preparation (Durolane®) simi-
lar to XLHA was investigaed in patients with knee OA
against MPA; its efficacy in terms of WOMAC pain re-
sponder rate at 12 weeks was non-inferior to that of
MPA; and the benefit of IAHA was maintained up to
26 weeks while that of MPA was reduced [27]. It is note-
worthy that a single injection of the cross-linked HA
(60 mg) was enough to maintain its effect until 26 weeks
whereas repeated injections of the linear HA (30 mg/in-
jection) were needed to obtain similar efficacy brought
by the same number of injections of MPA [27]. Unlike
the un-modified HA, which undergoes rapid degradation
enzymatically [28] or by oxidation [29], the cross-linked
HA has slow degradation rate and increased elastovis-
cous properties, thus extended durability at the injection
site [1]. As injection procedure itself bears risks of infec-
tion, pain and/or bleeding, reducing the injection num-
bers while obtaining comparable efficacy is a reasonable
ground for choice of a cross-linked HA unless safety is-
sues come up with cross-linking agents. The LBSA0103
is produced using BDDE as the cross-linking agent,
which has reactive epoxide groups in either side of chain
but these are neutralized after forming stable ether
bonds with alcohol in the HA backbone [30] and the
amount of unreacted BDDE is negligible. Therefore,
safety risk associated with chemical states of BDDE
present after cross-linking reaction is very low and the
safety and metabolism of BDDE cross-linked HA have
been well established.
No remarkable safety issue was identified in this study

and the safety profile obtained was consistent with those
observed with other IAHA preparations [31]. The inci-
dence of solicited local injection site reactions and the
incidence of treatment-emergent adverse events were
similar in both groups. Both IAHA preparations used in
this study are non-animal origin, which may have con-
tributed to the favourable safety profile due to low risk
of developing immunological response. In a double-
blind, randomized study comparing fermented (bacterial

origin) HA with avian origin HA, injection site effusions
were less frequent with fermented HA than with avian-
origin HA (0.6% vs. 8.1%, P = 0.002) [32].
Despite the wealth of available data, efficacy of IAHA is

still in debate and available guidelines [6, 7, 33] do not
present consistent recommendation. Several studies using
placebo comparator showed contradictory results and this
made the data interpretation challenging [8, 9, 29, 34–38].
In a study by Jørgensen et al. [35], 337 patients with mod-
erate to severe knee OA received five injections of a low
MW HA (Hyalgan®) or saline and were followed up at 3,
6, 9 and 12 months after the treatment. But IAHA did not
show better improvement in pain, function, acetamino-
phen consumption, or other efficacy parameters than sa-
line injections. Another study where the same product
was compared with placebo and naproxen (500 mg orally
twice a day) in 495 patients with knee OA, however,
showed significantly greater improvement with IAHA in
pain on the 50-foot walk than placebo and more IAHA–
treated patients (48%) had slight pain or were pain free
than placebo-treated (33%) or naproxen-treated (37%) pa-
tients at 26 weeks after the treatment [34]. In studies using
high MW HA in comparison with placebo, some degree
of placebo effect was also observed; however, IAHA had
better results than placebo for certain efficacy endpoints
(WOMAC pain sub-score on walking [36] and efficacy
durability by Kaplan–Meier analysis [29]). Even in several
meta-analyses in which data from most of representative
placebo-controlled trials of IAHA were combined, a de-
finitive conclusion was not made and mixed results were
presented [8, 9, 37, 38] like following: IAHA did not prove
clinically significant efficacy and showed greater risk of ad-
verse events than placebo [8]; small efficacy observed with
IAHA might have been overestimated due to publication
bias and high molecular weight HA was more effacious
than low molecular weight HA but heterogeniety of the
studies limited the definite conclusion [9]; IAHA had
moderate efficacy compared with placebo until 10 weeks
but not at 15 to 22 weeks [37]; or significant improvement
in pain and functional outcomes were observed with
IAHA but the efficacy was overestimated in low methodo-
logical quality of studies [38]. This inconclusive results
may be mainly attributed to variety in the IAHA products,
variable disease severity, difference in study designs, injec-
tion regimens, outcomes evaluation criteria, and rescue
medication used in the studies included or not in the ana-
lyses. Further studies are needed to answer the question
on the efficacy of IAHA considering various factors men-
tioned above.
Some limitations of the present study need to be

addressed. First, two injections of placebo saline were
mixed in the study arm. As HMWHA requires three
weekly injections whereas XLHA only needs to be injected
once, placebo injections in the study arm were inevitable
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to maintain double-blind status which was critical to
maintain objectiveness of this study. Second, the period of
3 months follow-up may seem to be short. There have
been some studies that evaluated the effect of hyaluronate
in patients with knee OA about 3 months and the effect
of HA is known to be shown between 5 and 12 weeks
[39–41]. In addition, the extension of follow-up period
could increase a drop-out rate, which might increase the
bias obtaining optimal data in this kind of clinical trial.
Based on these points, the evaluation period of this clin-
ical trial was determined by a consensus with the govern-
ment regulatory authority and IRBs of the participating
institutions. Finally, 12 centers may seem to be too many.
However, all investigators adhered to the protocol of this
clinical trial without major violations. As this study evalu-
ated a novel XLHA substance for a single injection ther-
apy, multi-centers were needed to enroll the more than
300 subjects in a reasonable study period.

Conclusions
The present study demonstrated that a single injection
of XLHA was non-inferior to three weekly injections of
HMWHA in terms of WBP reduction, and supports
XLHA as an effective and safe treatment for patients
with mild to moderate knee OA. Although this study
has provided an evidence regarding the efficacy of
IAHA, generalisation of the results of this study could
be made after obtaining more supporting data from fur-
ther researches that will focus on the durability of IAHA
beyond 12 weeks and comparative study on the efficacy
of variable IAHA preparations.

Abbreviations
ADRs: Adverse drug reactions; AEs: Adverse events; BDDE: Butanediol
diglycidyl ether; CI: Confidence interval; HA: Hyaluronan; HMWHA: High
molecular weight HA; IAHA: Intra-articular HA; MW: Molecular weight;
NSAIDs: Non-steroidal anti-inflammatory drugs; OA: Osteoarthritis; OMERACT-
OARSI: Osteoarthritis Research Society International Standing Committee for
Clinical Trials Response Criteria Initiative; WBP: Weight-bearing pain;
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index;
XLHA: Cross-linked HA.

Acknowledgements
We thank the medical writer Hye-Ryon Kim for her dedicated work for the
editorial support and Dr. Seung-Suk Seo for his role in managing patients at
Busan Paik Hospital which this study was conducted.

Funding
This study was funded by LG Life Sciences, Ltd. The funding sources had no
involvement in the study design, collection, analysis, interpretation of the
data, writing of the manuscript, or in the decision to submit the manuscript
for publication.

Availability of data and materials
The datasets generated and/or analysed during the current study are not publicly
available due to individual privacy but are available from the corresponding
author on reasonable request.

Authors’ contributions
CWH, YBP and MCL have been involved in drafting the manuscript or revising it
critically for important intellectual content. CHC, HSK, JHL, JDY, JHY, CHC, CWK,

HCK, KJO, and SIB made acquisition of data and analysis and interpretation of
data and helped to draft and critically revise the manuscript. All authors made
substantial contributions to conception and design and approved the final
version for submission.

Competing interests
The authors declare that they have no competing interest.

Consent for publication
Not applicable.

Ethical approval and consent to participate
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.
The institutional review boards of each investigational site granted approval
for the study and patients gave their written informed consents before they
actually were involved in any study related procedure.
List of institutional review boards
Institutional review boards of Samsung Medical Center
Institutional review boards of Gangnam Severance Hospital
Institutional review boards of Kyungpook National University Hospital
Institutional review boards of Chonbuk National University Hospital
Institutional review boards of Ewha Womans University Mockdong Hospital
Institutional review boards of National Health Insurance Corporation Ilsan
Hospital
Institutional review boards of Hanyang University Hospital
Institutional review boards of Busan Paik Hospital
Institutional review boards of Bundang CHA Hospital
Institutional review boards of KonKuk University Medical Center
Institutional review boards of Asan Medical Center
Institutional review boards of Seoul National University Hospital

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Department of Orthopedic Surgery, Stem Cell and Regenerative Medicine
Institute, Samsung Medical Center, Sungkyunkwan University School of
Medicine, 81, Irwon-ro, Gangnam-gu, Seoul, South Korea. 2Department of
Orthopedic Surgery, Chung-Ang University Hospital, Chung-Ang University
College of Medicine, 102, Heukseok-ro, Dongjak-gu, Seoul, South Korea.
3Department of Orthopedic Surgery, Gangnam Severance Hospital, Yonsei
University College of Medicine, 211, Eonju-ro, Gangnam-gu, Seoul, South
Korea. 4Department of Orthopedic Surgery, School of Medicine, Kyungpook
National University, 130, Dongdeok-ro, Jung-gu, Daegu, South Korea.
5Department of Orthopedic Surgery, Chonbuk National University Hospital,
Research Institute of Clinical Medicine, Chonbuk National University Medical
School, 20, Geonji-ro, Deokjin-gu, Jeonju-si, Jeollabuk-do, South Korea.
6Department of Orthopedic Surgery, Ewha Womans University Mockdong
Hospital, 1071, Anyangcheon-ro, Yangcheon-gu, Seoul, South Korea.
7Department of Orthopedic Surgery, National Health Insurance Corporation
Ilsan Hospital, 100, Ilsan-ro, Ilsandong-gu, Goyang-si, Gyeonggi-do, South
Korea. 8Department of Orthopedic Surgery, Hanyang University College of
Medicine, 222-1, Wangsimni-ro, Seongdong-gu, Seoul, South Korea.
9Department of Orthopedic Surgery, Busan Paik Hospital, College of
Medicine, Inje University, 75, Bokji-ro, Busanjin-gu, Busan, South Korea.
10Department of Orthopedic Surgery Bundang CHA Hospital, College of
Medicine, CHA University, 59, Yatap-ro, Bundang-gu, Seongnam-si,
Gyeonggi-do, South Korea. 11Department of Orthopedic Surgery, KonKuk
University Medical Center, KonKuk University School of Medicine, 120-1,
Neungdong-ro, Gwangjin-gu, Seoul, South Korea. 12Department of
Orthopedic Surgery, University of Ulsan, College of Medicine, Asan Medical
Center, 88, Olympic-ro 43-gil, Songpa-gu, Seoul, South Korea. 13Department
of Orthopaedic Surgery, Seoul National University College of Medicine, 101
Daehak-ro, Jongnogu, Seoul 110-744, Republic of Korea.

Ha et al. BMC Musculoskeletal Disorders  (2017) 18:223 Page 9 of 10



Received: 13 December 2016 Accepted: 18 May 2017

References
1. Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment

of osteoarthritis. J Rheum Suppl. 1993;39:3–9.
2. Benke M, Shaffer B. Viscosupplementation treatment of arthritis pain. Curr Pain

Headache Rep. 2009;13(6):440–6.
3. Bannuru R, Natov N, Dasi U, Schmid C, McAlindon T. Therapeutic trajectory

following intra-articular hyaluronic acid injection in knee osteoarthritis–
meta-analysis. Osteoarthr Cartil. 2011;19(6):611–9.

4. Bannuru RR, Natov NS, Obadan IE, Price LL, Schmid CH, McAlindon TE.
Therapeutic trajectory of hyaluronic acid versus corticosteroids in the
treatment of knee osteoarthritis: A systematic review and meta‐analysis.
Arthritis Care Res. 2009;61(12):1704–11.

5. Bellamy N, Campbell J, Welch V, Gee TL, Bourne R, Wells GA:
Viscosupplementation for the treatment of osteoarthritis of the knee.
Cochrane Database Syst Rev. 2006;19(2):CD005321.

6. Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan J,
Towheed T, Welch V, Wells G, Tugwell P. American College of
Rheumatology 2012 recommendations for the use of nonpharmacologic
and pharmacologic therapies in osteoarthritis of the hand, hip, and knee.
Arthritis Care Res. 2012;64(4):465–74.

7. Zhang W, Nuki G, Moskowitz R, Abramson S, Altman R, Arden N, Bierma-
Zeinstra S, Brandt K, Croft P, Doherty M. OARSI recommendations for the
management of hip and knee osteoarthritis: part III: Changes in evidence
following systematic cumulative update of research published through
January 2009. Osteoarthr Cartil. 2010;18(4):476–99.

8. Arrich J, Piribauer F, Mad P, Schmid D, Klaushofer K, Müllner M. Intra-
articular hyaluronic acid for the treatment of osteoarthritis of the knee:
systematic review and meta-analysis. Can Med Assoc J. 2005;172(8):1039–43.

9. Lo GH, LaValley M, McAlindon T, Felson DT. Intra-articular hyaluronic acid in
treatment of knee osteoarthritis: a meta-analysis. Jama. 2003;290(23):3115–21.

10. Rutjes AW, Jüni P, da Costa BR, Trelle S, Nüesch E, Reichenbach S.
Viscosupplementation for osteoarthritis of the knee: a systematic review and
meta-analysis. Ann Intern Med. 2012;157(3):180–91.

11. Jevsevar D, Donnelly P, Brown GA, Cummins DS. Viscosupplementation for
Osteoarthritis of the Knee: A Systematic Review of the Evidence. J Bone
Joint Surg Am. 2015;97(24):2047–60.

12. Campbell KA, Erickson BJ, Saltzman BM, Mascarenhas R, Bach Jr BR, Cole BJ,
Verma NN. Is Local Viscosupplementation Injection Clinically Superior to
Other Therapies in the Treatment of Osteoarthritis of the Knee: A Systematic
Review of Overlapping Meta-analyses. Arthroscopy.
2015;31(10):2036–45. e2014.

13. Berenbaum F, Grifka J, Cazzaniga S, D'Amato M, Giacovelli G, Chevalier X,
Rannou F, Rovati LC, Maheu E. A randomised, double-blind, controlled trial
comparing two intra-articular hyaluronic acid preparations differing by their
molecular weight in symptomatic knee osteoarthritis. Ann Rheum Dis.
2012;71(9):1454–60.

14. Chou C-W, Lue K-H, Lee H-S, Lin R-C, Lu K-H. Hylan GF 20 has better pain
relief and cost-effectiveness than sodium hyaluronate in treating early
osteoarthritic knees in Taiwan. J Formos Med Assoc. 2009;108(8):663–72.

15. Strand V, Baraf HS, Lavin P, Lim S, Hosokawa H. A multicenter, randomized
controlled trial comparing a single intra-articular injection of Gel-200, a new
cross-linked formulation of hyaluronic acid, to phosphate buffered saline for
treatment of osteoarthritis of the knee. Osteoarthr Cartil. 2012;20(5):350–6.

16. Kim SB, Lee KW, Ha NJ, Lee JH, Kim YD, Joe YL, Kim DC. Comparison of the
Effects between Growth Hormone and Hyaluronic Acid on Degenerative
Cartilage of Knee in Rabbit. J Korean Acad Rehabil Med. 2008;32(3):247–52.

17. Lee JG, Lee SC, Kim YC, Lim YJ, Shin JH, Kim JH, Park SH, Choi YR, Sim WS.
Effects of low and high molecular weight hyaluronic acids on peridural
fibrosis and inflammation in lumbar laminectomized rats. Korean J Pain.
2011;24(4):191–8.

18. Kim Y-S, Park J-Y, Lee C-S, Lee S-J. Does hyaluronate injection work in
shoulder disease in early stage? A multicenter, randomized, single blind
and open comparative clinical study. J Shoulder Elb Surg. 2012;21(6):722–7.

19. Lee P, Kim Y, Lim Y, Lee C, Sim W, Ha C, Bin S, Lim K, Choi S, Lee S.
Comparison between high and low molecular weight hyaluronates in knee
osteoarthritis patients: open-label, randomized, multicentre clinical trial.
J Int Med Res. 2006;34(1):77–87.

20. Boulle K, Glogau R, Kono T, Nathan M, Tezel A, Roca‐Martinez JX, Paliwal S,
Stroumpoulis D. A Review of the Metabolism of 1, 4‐Butanediol Diglycidyl
Ether–Crosslinked Hyaluronic Acid Dermal Fillers. Dermatol Surg. 2013;
39(12):1758–66.

21. Altman R, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, Christy W, Cooke TD,
Greenwald R, Hochberg M, et al. Development of criteria for the classification
and reporting of osteoarthritis. Classification of osteoarthritis of the knee.
Diagnostic and Therapeutic Criteria Committee of the American Rheumatism
Association. Arthritis Rheum. 1986;29(8):1039–49.

22. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.
Ann Rheum Dis. 1957;16(4):494–502.

23. Pham T, van der Heijde D, Altman R, Anderson J, Bellamy N, Hochberg M,
Simon L, Strand V, Woodworth T, Dougados M. OMERACT-OARSI initiative:
Osteoarthritis Research Society International set of responder criteria for
osteoarthritis clinical trials revisited. Osteoarthr Cartil. 2004;12(5):389–99.

24. Wagenitz A, Mueller EA, Frentzel A, Cambon N. Comparative efficacy and
tolerability of two sustained-release formulations of diclofenac: results of a
double-blind, randomised study in patients with osteoarthritis and a
reappraisal of diclofenac's use in this patient population. Curr Med Res
Opin. 2007;23(8):1957–66.

25. Tascιoglu F, Öner C. Efficacy of intra-articular sodium hyaluronate in the
treatment of knee osteoarthritis. Clin Rheumatol. 2003;22(2):112–7.

26. Karlsson J, Sjögren L, Lohmander L. Comparison of two hyaluronan drugs
and placebo in patients with knee osteoarthritis. A controlled, randomized,
double‐blind, parallel‐design multicentre study. Rheumatology.
2002;41(11):1240–8.

27. Leighton R, Åkermark C, Therrien R, Richardson J, Andersson M, Todman M,
Arden N, Group DS. NASHA hyaluronic acid vs methylprednisolone for knee
osteoarthritis: a prospective, multi-centre, randomized, non-inferiority trial.
Osteoarthr Cartil. 2014;22(1):17–25.

28. Kreil G. Hyaluronidases–a group of neglected enzymes. Protein Sci.
1995;4(9):1666.

29. Šoltés L, Mendichi R, Kogan G, Schiller J, Stankovska M, Arnhold J.
Degradative action of reactive oxygen species on hyaluronan.
Biomacromolecules. 2006;7(3):659–68.

30. Schanté CE, Zuber G, Herlin C, Vandamme TF. Chemical modifications of
hyaluronic acid for the synthesis of derivatives for a broad range of
biomedical applications. Carbohydr Polym. 2011;85(3):469–89.

31. Hamburger MI, Lakhanpal S, Mooar PA, Oster D: Intra-articular hyaluronans:
a review of product-specific safety profiles. In: Seminars in arthritis and
rheumatism: 2003: Elsevier. Semin Arthritis Rheum. 2003;32(5):296–309.

32. Kirchner M, Marshall D. A double-blind randomized controlled trial
comparing alternate forms of high molecular weight hyaluronan for the
treatment of osteoarthritis of the knee. Osteoarthr Cartil. 2006;14(2):154–62.

33. Treatment of Osteoarthritis of the Knee - 2nd edition. In.: American Academy
of Orthopaedic Surgeons (AAOS); Updated May 18, 2013. http://www.aaos.org/
research/guidelines/TreatmentofOsteoarthritisoftheKneeGuideline.pdf.

34. Altman R. Intra-articular sodium hyaluronate (Hyalgan®) in. J Rheumatol.
1998;25:2203–12.

35. Jørgensen A, Stengaard-Pedersen K, Simonsen O, Pfeiffer-Jensen M, Eriksen C,
Bliddal H, Pedersen NW, Bødtker S, Hørslev-Petersen K, Snerum LØ:
Intra-articular hyaluronan is without clinical effect in knee osteoarthritis:
a multicentre, randomised, placebo-controlled, double-blind study of
337 patients followed for 1 year. Ann Rheum Dis. 2010;69(6):1097–102.

36. Kul-Panza E, Berker N. Is hyaluronate sodium effective in the management
of knee osteoarthritis? A placebo-controlled double-blind study. Minerva Med.
2010;101(2):63–72.

37. Modawal A, Ferrer M, Choi HK, Castle JA. Hyaluronic acid injections relieve
knee pain. J Fam Pract. 2005;54(9):758.

38. Wang C-T, Lin J, Chang C-J, Lin Y-T, Hou S-M. Therapeutic effects of
hyaluronic acid on osteoarthritis of the knee. J Bone Joint Surg.
2004;86(3):538–45.

39. Modawal A, Ferrer M, Choi HK, Castle JA. Hyaluronic acid injections relieve
knee pain: this meta-analysis shows good therapeutic effect for between
5 and 12 weeks. J Fam Pract. 2005;54(9):758–68.

40. Petrella RJ, Petrella M. A Prospective, Randomized, Double-Blind, Placebo
Controlled Study to Evaluate the Efficacy of Intraarticular Hyaluronic Acid for
OA of the Knee. J Rheumatol. 2006;33(5):951–6.

41. Galluccio F, Barskova T, Cerinic MM. Short-term effect of the combination of
hyaluronic acid, chondroitin sulfate, and keratin matrix on early
symptomatic knee osteoarthritis. Eur J Rheumatol. 2015;2(3):106.

Ha et al. BMC Musculoskeletal Disorders  (2017) 18:223 Page 10 of 10

http://www.aaos.org/research/guidelines/TreatmentofOsteoarthritisoftheKneeGuideline.pdf
http://www.aaos.org/research/guidelines/TreatmentofOsteoarthritisoftheKneeGuideline.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Materials
	Study design
	Study population
	Intervention
	Outcome measures
	Statistical analysis

	Results
	Patient population
	Efficacy
	Safety

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethical approval and consent to participate
	Publisher’s Note
	Author details
	References

