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Abstract

Background: The hyaluronic acid (HA) injections are widely used in knee osteoarthritis (OA) patients. We
conducted the study comparing the efficacy and safety of single injection of Crosslinked Hyaluronic Acid Platform
Hyaluronan (CHAP-HA) with 3-injection of linear hyaluronan in knee OA patients.

Methods: This was a randomized two-arms, evaluator-blinded, controlled, single-center study. Participants with
knee OA received single CHAP-HA or three-injection of linear-HA. The 140 patients aged 35-85 years with
radiographically confirmed knee OA were enrolled. At week 4, 12, 26, 39, and 52, visual analog scale (VAS) pain
score, Western Ontario and McMaster Universities Osteoarthritis (WOMAC) index, timed up and go (TUG) and
subject’s adverse events (AE) of these 2 groups were recorded. Primary outcome of the differences of VAS pain
score at week 26 between groups was analyzed with analysis of covariance (ANCOVA). At week 52, those who met
the inclusion criteria could receive a CHAP-HA injection and being followed-up for the adverse events for 4 weeks.

Results: The trial was conducted from September 2015 to April 2017. A total 140 subjects were available for
analysis (71 in the CHAP-HA group and 69 in the linear-HA group). At 26th week, there were significant more
improvements in VAS pain scores in CHAP-HA compared with linear-HA. Both CHAP-HA and linear-HA showed
significant improvements in the VAS pain score at week 26 compared with the baseline, and the occurrence of
adverse events during the study period showed no between-group difference. In subjects with KL =2, both groups
showed significant improvements in VAS pain scores within 26 weeks. In patients with KL = 3, only CHAP-HA group
showed significant improvement in VAS pain from 4 to 39 weeks. No unexpected or severe AEs were reported.
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Level of Evidence: Therapeutic Level I.

Conclusions: A single injection of CHAP-HA may be safe and more effective for 26 weeks in patients with knee OA
by comparing to linear-HA; moreover, the pain relief effect of CHAP-HA may remain until 52 weeks. For patients
with more severe OA, CHAP-HA was demonstrated to be more preferable to relieve OA pain. Furthermore, repeat
treatment of CHAP-HA or using CHAP-HA after a three-injection HA was proved to be safe.

Trial registration: ClinicalTrials.gov: NCT03643588. Date: August 23, 2018 (retrospectively registered).

Keywords: WOMAC, Knee osteoarthritis, Hyaluronic acid, Viscosupplementation

Background

Osteoarthritis (OA) is a structural pathology of the joints. It
involves proteolysis starting from the edges of joints and
cartilage, resulting in lesions, and a decrease in the level of
proteoglycans. This pathological change causes cartilage
softening and cartilage inflammation [1, 2]. Proteoglycans
were found to polymerize with hyaluronic acid (HA) during
normal cartilage metabolism but not in degenerated cartil-
age [3]. Both in vivo and in vitro studies have shown that
exogenous HA can induce the polymerization and synthesis
of proteoglycans [4, 5], formation of endogenous HA [4],
modulation of the inflammatory response [4, 6], reduction
of the activity of inflammatory factors, and removal of re-
active oxygen species [7]. Intraarticular HA injections can
effectively help relieve pain and prevent the deterioration of
OA [8-10]. Thus, HA injection is a major option for the
treatment of OA pain.

Currently, intraarticular HA treatments are com-
mercially available in five-, three-, and single-
injection products. Multiple injections result in a
substantial burden to patients because of the time
and expense caused by additional hospital visits and
the pain associated with each injection. Single-
regimen intraarticular HA injection products have
therefore become more popular, and their clinical
safety and efficacy have been demonstrated [11].
Single-injection regimens involve a higher concentra-
tion of HA or antidegradation ability owing to the
crosslinked structure of the HA used. Of the various
HA crosslinking techniques, use of the crosslinking
agent BDDE is safe with a well-established metabol-
ism [12]. One of the BDDE-crosslinked products
available in Taiwan is a patented Crosslinked Hya-
luronic Acid Platform HA (CHAP-HA). Owing to its
crosslinking process, the degradation resistance of
CHAP-HA is increased and the molecular weight is
elevated to infinity.

There is no clinical trial has focused on the safety
and effectiveness between BDDE-crosslinked single-
injection products and three-injection products. The
present study compared the efficacy and safety over
52 weeks (12 months) of CHAP-HA (HYAJOINT-Plus;
SciVision Biotech Inc., Taiwan) with one of the most

used three-injection linear HA products in Taiwan
(HYALGAN; Fidia Pharma USA, Italy) in patients
with knee OA.

Methods

Study design

The trial was conducted from September 2015 to April
2017 at China Medical University Hospital, Taichung, in
accordance with the International Council for Harmoni-
sation’s Good Clinical Practice Guidelines and the tenets
of the Declaration of Helsinki. The study was approved
by the China Medical University & Hospital Research
Ethics Committee (Approval number: CMUH104-
REC2-039) and registered with ClinicalTrials.gov (Iden-
tifier: NCT03643588).

This study was a single-center, randomized, two-arm,
evaluator-blinded clinical trial. In all, 140 patients with
radiographically confirmed knee OA were enrolled in
2015 and 2016. The recruited patients provided written
informed consent prior to enrollment. The inclusion cri-
teria were as follows: aged 35-85 years, knee OA pain
for 6 months under conventional nonpharmacologic
therapy or analgesics, average knee visual analog scale
(VAS) pain score > 30 mm on a 100-mm scale, Kellgren—
Lawrence (KL) grade 2 or 3 knee OA, and contralateral
knee OA pain VAS score < 30 mm. In addition, subjects
must be able to understand the study purpose and fol-
low the requirements during the study. The exclusion
criteria were as follows: hip OA; KL grade 4 on target
knee; leakage, deformity, infection, inflammation, and
other active symptoms in the target knee on the injec-
tion day; surgery or intraarticular HA injections in the
target knee within the past 6 months; intraarticular ster-
oid injections in the target knee within the past 3
months; and allergy to any HA implant. The subjects
were asked not to take any analgesic drugs and non-
pharmaceutical therapies for the target knee during the
study. After applying the inclusion and exclusion criteria,
the patients were randomly divided into the CHAP-HA
group (single injection, 60 mg/3 mL crosslinked HA) or
the linear-HA group (three injections, 20 mg/2 mL). The
randomized numbers were generated via Microsoft Excel
2010, and the allocation was performed by one
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unblinded investigator. Participants took an opaque en-
velope within a paper labeled with a randomized num-
ber, and then the unblinded investigator administered
the treatment product according to the allocated inter-
vention. Because patients were aware of their allocations,
they were reminded by the blinded study coordinator
prior to every visit that they should not inform the
evaluator of their allocations.

All patients were followed up by one blinded evaluator
for 52 weeks (with visits at 4, 12, 26, 39, and 52 weeks)
posttreatment for the evaluation of the safety and effi-
cacy of the treatment.

After the 52-week visit, patients with knee VAS pain
scores of 230 mm and KL grade of 2 or 3 could choose
to receive a single CHAP-HA injection in the target
knee. These patients were followed up for another 4
weeks to assess the safety of the repeat treatment and
check for cross-reactions between the three-injection
and single-injection HA treatments. At weeks 4, 12, 26,
39, and 52, the Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC), VAS pain score,
VAS stiffness score, VAS satisfaction score, timed up
and go (TUG) test, and adverse events (AEs) were re-
corded for both groups. The AEs included all the symp-
toms reported by the patients or signs noticed by the
blinded investigator. If an AE was reported by the same
patient more than once, the incidence was still counted
as 1 and the longer of the two durations was considered.
The primary endpoints were the occurrence of any AEs
during the study, as well as the subjective assessment of
VAS pain at 26 weeks because both products claim 6-
month efficacy. A response to treatment was defined as
a>20-mm decrease in the VAS compared with baseline.

Statistical analysis

SPSS SamplePower 3.0 software (IBM, Armonk, NY,
USA) was used to calculate the sample size for this
study. Regarding the study purpose, through
independent-samples one-way analysis of covariance
(ANCOVA) using baseline data for the outcome variable
as the covariate, the required sample size was estimated
to be 59 participants per group to detect an effect with
the power of 0.8 and alpha of 0.05. Because no prelimin-
ary data were available, a medium-level Cohen’s d effect
size of 0.09 for the R? for the covariate and a medium-
level effect size of 0.25 for analysis of variance (ANOVA)
were chosen.

All the data were collated into Microsoft Excel 2010
and analyzed with SPSS 12.0 (IBM). The patients’ base-
line characteristics in the two groups were compared
using independent-sample ¢ tests for continuous data or
a chi-square test for categorical data. Intention-to-treat
analysis was used for the outcome assessments. The last
observation carried forward was used for addressing
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missing data. The differences between baseline and post-
treatment within a group were analyzed using repeated-
measures one-way ANOVA. Although some posttest
data contradicted the normal distribution assumption of
independent samples one-way ANCOVA, based on the
central limit theory we could obtain the asymptotically
robust results from ANCOVA due to large samples.
Therefore, ANCOVA and the Bonferroni post hoc test
were used to evaluate intergroup difference in follow-up
after controlling the baseline data. Subgroup analysis
was conducted to assess intergroup differences in VAS
pain, WOMAC pain scores, and WOMAC total scores
with KL grade 2 or 3; P<0.05 denoted statistical
significance.

Results

Demographic data

A total of 140 patients were enrolled and assigned ran-
domly to one of the two groups (71 in the CHAP-HA
group and 69 in the linear-HA group). Total 26 patients
(13 patients in each group) dropped out of the study due
to lost of their contacts or withdrawal of consent (Fig. 1).
Table 1 presents the demographic profile of both groups.
No significant differences were observed in patient char-
acteristics between groups. The mean age of the patients
was 56.3years +11.2years (range: 36-81years), with
67.9% women. The sites of injection were evenly divided
between the patients. Notably, three-quarters (75.7%) of
the patients had OA KL grade 2. Most of the patients
had mild- (43.6%) to moderate-level (50.7%) status, and
only a few (5.7%) had a heavy work level. The patients’
mean Body Mass Index (BMI) was 25.1 +4.0 kg/m>.
Moreover, 78.9 and 76.8% of patients in the CHAP-HA
and linear-HA groups, respectively, received a second in-
jection of CHAP-HA after the 52-week follow-up.

Efficacy

Table 2 displays the descriptive statistics for the efficacy-
related parameters throughout the study period. No sig-
nificant differences were observed between the baseline
values of the dependent variables for the two groups.
The VAS pain score was significantly lower in the
CHAP-HA group than that in the linear-HA group
(21.48 +21.51 for CHAP-HA and 37.04 +24.51 for
linear-HA; P<0.05) with an effect size f of 0.346 at
weeks 26; the VAS pain score at weeks 39, and 52 were
also significantly lower in the CHAP-HA group than
that in the linear-HA group (33.31 +20.40 for CHAP-
HA and 48.99+21.94 for linear-HA at weeks 39;
43.10 £ 18.45 for CHAP-HA and 51.45 + 22.33 for linear-
HA at weeks 52; P <0.05, P = 0.012, respectively) with an
effect size f of 0.565, 0.390 after controlling the baseline
data as a covariate in ANCOVA. In the CHAP-HA
group, the values of VAS pain were significantly lower at
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Fig. 1 Flow of participants through the trial

all follow-ups compared with baseline (52.90 + 18.21 at
baseline, 25.63 + 18.44 at weeks 4, 22.42 + 18.21 at weeks
12, 21.48 + 21.51 at weeks 26, 33.31 + 20.40 at weeks 39,
and 43.10 + 18.45 at weeks 52; P <0.05). However, the
VAS pain score in the linear-HA group showed a signifi-
cant reduction compared with baseline was observed
only up to 26 weeks (53.19 + 13.98 at baseline, 29.65 +
20.56 at weeks 4, 29.39 + 23.50 at weeks 12, and 37.04 +
24.51 at weeks 26; P <0.05). VAS stiffness was not sig-
nificantly different between the groups at any follow-up.
Comparing to baseline, both CHAP-HA group and
linear-HA group has significantly improved in the VAS
stiffness scores until 26 weeks (CHAP-HA: 42.87 + 22.56
at baseline, 22.61 + 18.82 at weeks 4, 21.52 +20.01 at
weeks 12, and 25.52 +21.60 at weeks 26; linear-HA:
44.78 £20.77 at baseline, 28.58 +22.08 at weeks 4,
26.09 + 19.11 at weeks 12, and 32.97 + 24.48 at weeks 26;
P <0.05). The CHAP-HA group were shown statistical
significant improvement in each WOMAC subscore, as
well as WOMAC total score compared to the linear-HA
group at week 26 and 39 (WOMAC pain subscore:
3.14 + 3.33 for CHAP-HA and 4.91 + 2.96 for linear-HA
at weeks 26, as well as 4.75+3.47 for CHAP-HA and
6.07 + 3.16 for linear-HA at weeks 39; WOMAC stiffness
subscore: 1.46 + 1.36 for CHAP-HA and 2.36 + 1.40 for

linear-HA at weeks 26, as well as 1.76 + 1.53 for CHAP-
HA and 2.61 + 1.58 for linear-HA at weeks 39; WOMAC
joint function subscore: 22.37 + 11.04 for CHAP-HA and
29.99 + 10.67 for linear-HA at weeks 26, as well as
24.68 + 11.61 for CHAP-HA and 33.54 + 11.10 for linear-
HA at weeks 39; WOMAC total score: 26.97 + 15.12 for
CHAP-HA and 37.26 + 14.34 for linear-HA at weeks 26,
as well as 31.18 + 16.03 for CHAP-HA and 42.22 + 15.05
for linear-HA at weeks 39; P <0.05). In the CHAP-HA
group, the values of WOMAC joint function, and
WOMAC total scores were significantly lower at all
follow-ups compared with baseline (WOMAC joint
function: 35.52+11.69 at baseline, 23.27 +10.19 at
weeks 4, 23.44 +10.85 at weeks 12, 22.37 +11.04 at
weeks 26, 24.68 + 11.61 at weeks 39, and 30.69 + 12.62 at
weeks 52; WOMAC total scores: 45.80 + 16.17 at base-
line, 28.69 + 13.94 at weeks 4, 28.35 + 14.48 at weeks 12,
26.97 + 15.12 at weeks 26, 31.18 + 16.03 at weeks 39, and
39.24 +17.47 at weeks 52; all P<0.05); while the same
results were found in WOMAC pain and WOMAC stiff-
ness except for the values at week 52 (WOMAC pain:
7.34 + 3.69 at baseline, 3.96 + 3.31 at weeks 4, 3.49 + 2.96
at weeks 12, 3.14 + 3.33 at weeks 26, and 4.75 + 3.47 at
weeks 39; WOMAC stiffness: 2.94 + 1.67 at baseline,
1.46 + 1.30 at weeks 4, 1.42 +1.23 at weeks 12, 1.46 =
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Table 1 Demographic data
Variable Total CHAP-HA Linear-HA
(N=140) (N=71) (N=69)
Age, years (Mean + SD) 563+11.2 566+ 126 56.0+97
Age group, n (%)
<45 years 15 (21.1) 15 (21.1) 12(174)
45-64 years 32 (45.1) 32 (45.1) 41 (594)
2 65 years 24 (33.8) 24 (33.8) 16 (23.2)
Sex, n (%)
Male 45 (32.1) 25 (35.2) 20 (29.0)
Female 95 (67.9) 46 (64.8) 50 (71.0)
Site, n (%)
Left 71 (50.7) 37 (52.1) 34 (49.3)
Right 69 (49.3) 34 (47.9) 35 (50.7)
OA KL grade, n (%)
2 106 (75.7) 52 (73.2) 54 (78.3)
3 34 (24.3) 19 (26.8) 15 (21.7)
Work status, n (%)
Mild 61 (43.6) 28 (394) 33 (47.8)
Moderate 71 (50.7) 37 (52.1) 34 (49.3)
Heavy 8 (5.7) 6 (8.5) 2 (29
BMI, kg/m? 25.1+40 255+42 247+38
Weight status, n (%)
Underweight 204 1(14) 1(14)
Normal 59 (42.1) 27 (38.0) 32 (46.4)
Overweight 39 (27.9) 22 (31.0) 17 (24.6)
Obese 40 (28.6) 21 (29.6) 19 (27.5)
Systolic BP (mmHg) 1285+ 167 1295+ 159 1275+176
Diastolic BP (mmHg) 748+ 106 750+9.7 745+116
Heart rate (beat/min) 748 +9.1 745+09.1 752 +9.1
Second injection, n (%)
Non-injection 31 (22.1) 15 (21.1) 16 (23.2)
Left 9 (64) 7 (9.9) 2 (29
Right 429 0(0.0) 4(5.8)
Both knee 96 (68.6) 49 (69.0) 47 (68.1)

OA KL: Osteoarthritis Kellgren and Lawrence grade
BMI: Body Max Index
BP: Blood pressure

1.36 at weeks 26, and 1.76 + 1.53 at weeks 39; P < 0.05).
In the linear-HA group, a significant reduction in the
scores of WOMAC variables was observed until 26
weeks compared with the baseline values (WOMAC
pain: 7.17 £2.94 at baseline, 3.94+249 at weeks 4,
343 +2.30 at weeks 12, and 4.91 +2.96 at weeks 26;
WOMAC stiffness: 3.09 + 1.47 at baseline, 1.88 + 1.27 at
weeks 4, 1.59+1.14 at weeks 12, and 2.36+1.40 at
weeks 26; WOMAC joint function: 36.38 + 10.76 at base-
line, 24.83 +9.48 at weeks 4, 23.52 + 8.79 at weeks 12,
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and 29.99+10.67 at weeks 26; WOMAC total score:
46.64 £ 14.08 at baseline, 30.65+12.39 at weeks 4,
28.55 + 11.53 at weeks 12, and 37.26 + 14.34 at weeks 26;
P <0.05). A significant lower result was found in the
linear-HA group for TUG at weeks 4 when comparing
to the CHAP-HA (9.61 £ 1.99 for linear-HA group and
10.95 +3.27 for CHAP-HA group; P<0.05). The TUG
time showed significant shortened in the CHAP-HA
group at week 4, 12 and 26 compared with baseline
(11.93 + 3.65 at baseline, 10.95 + 3.27 at weeks 4, 10.37 =
3.21 at weeks 12, and 10.42 + 3.80 at weeks 26; P < 0.05),
whereas in the linear-HA groups, participants had sig-
nificantly better TUG at week 4 and 12 follow-ups com-
pared with baseline (11.05 + 3.03 at baseline, 9.61 + 1.99
at weeks 4, and 9.33 + 2.13 at weeks 12; P < 0.05).

The response rate in the CHAP-HA group was signifi-
cantly higher than that in the linear-HA group at weeks
26 (74.6% vs. 44.9%, respectively, P<0.001) and 52
(38.0% vs. 18.8%, respectively, P =0.012).

No significant differences were observed in terms of
satisfaction between the two groups at weeks 4 and 12
(Table 3), but patients began to significantly favor treat-
ment with CHAP-HA from week 26 until the end of the
study (73.4+22.7 for CHAP-HA and 63.5+26.5 for
linear-HA at weeks 26; 72.3 +22.4 for CHAP-HA and
52.1+23.2 for linear-HA at weeks 39; 61.7 +22.0 for
CHAP-HA and 37.5+23.1 for linear-HA at weeks 52;
P <0.05). The CHAP-HA group reported an overall over
60% satisfaction at week 52. The linear-HA group re-
ported about 60% satisfication at week 26, but then the
satisfication gradually decreased at week 39 and 52 (52.1
and 37.5%, respectively).

Table 4 shows the VAS pain of both products for dif-
ferent levels of OA severity. In the CHAP-HA group, the
improvements within 26 weeks achieved a significant
level in both KL grades 2 and 3 (19.96+ 2093 for
CHAP-HA and 32.70 £ 23.02 for linear-HA in KL grades
2; 25.63 £23.09 for CHAP-HA and 52.67 +24.04 for
linear-HA in KL grades 3 at weeks 26; P < 0.05). How-
ever, in the linear-HA group, patients with KL grade 3
did not appear to benefit as much as those with KL 2
grade. Among patients with KL grade 3 OA, those in the
CHAP-HA group exhibited significantly higher pain re-
lief than those in the linear-HA group in an earlier treat-
ment time (1-6 months), but among those with KL
grade 2 OA, the significant difference was found at a
later treatment time (6-12 months; P < 0.05). Posterior
powers of VAS pain were above 0.8 at week 26 and 39
in KL grade 2 as well as at week 4, 12, and 26 in KL
grade 3 similarly. Because of the small sample number
of the subjects, there were some data not normal distrib-
uted in OA KL =3. The data of week 4, 26, and 52 for
CHAP-HA group were not normal distributed (median:
20.00, interquartile range (IQR): 40.00 at 4-week follow-



Huang and Tsai BMC Musculoskeletal Disorders (2021) 22:572 Page 6 of 10
Table 2 Observational mean and standard deviation of efficacy-related parameters
CHAP-HA (N=71) Linear-HA (N = 69) PP
Variable Mean SD P? Mean SD P?
VAS pain
Baseline 5290 1821 - 53.19 1398 - 0917
4th week 2563 1844 <0001* 2965 2056 <0001* 0216
12th week 2242 1821 <0001 2939 2350 <0001* 0052
26th week 2148 2151 <0001* 37.04 2451 <0001* <0001*
39th week 3331 2040 <0001* 4899 2194 1.000 <0001
52th week 4310 1845 0.001* 5145 2233 1.000 0012°
VAS stiffness
Baseline 42.87 2256 - 44.78 20.77 - 0.603
4th week 2261 1882 <0001* 2858 2208 <00071* 0.103
12th week 2152 2001 <0001* 26.09 19.11 <0001 0.196
26th weeks 2552 2160 <0001* 3297 2448 0.023" 0.069
39th weeks 36.83 2093 0.555 39.86 2288 1.000 0491
52th weeks 4148 2088 1.000 4457 2321 1.000 0479
WOMAC pain
Baseline 7.34 369 - 7.7 294 - 0.771
4th week 3.96 331 <0001* 3.94 249 <0001* 0952
12th week 349 296 <0001* 343 230 <0001* 0944
26th week 3.14 333 <0001* 491 296 <0001* <0001*
39th week 475 347 <0001* 6.07 316 0360 0014
52th week 596 384 0117 6.84 388 1.000 0.126
WOMAC stiffness
Baseline 294 167 - 3.09 147 - 0592
4th week 146 130 <0001* 188 127 <0001* 0061
12th week 142 123 <0001* 159 1.14 <0001* 0454
26th week 146 136 <0001* 236 140 0.020° <0001*
39th week 176 153 <0001* 261 158 0544 0.002°
52th week 259 157 1.000 283 168 1.000 0477
WOMAC joint function
Baseline 3552 11.69 - 3638 10.76 - 0653
4th week 23.27 1019 <0001* 2483 948 <0001* 0415
12th week 2344 10.85 <0001* 2352 879 <0001 0906
26th week 2237 11.04 <0001* 29.99 1067 0.003" <0001
39th week 2468 1161 <0001* 33.54 11.10 1.000 <0001*
52th week 3069 12,62 0.030" 3667 12,98 1.000 0.006*
WOMAC total score
Baseline 4580 1617 - 46.64 1408 - 0.745
4th week 2869 13.94 <0001* 3065 12.39 <0001 0414
12th week 2835 1448 <0001* 2855 1153 <0001* 0986
26th week 2697 15.12 <0001* 37.26 1434 <0001* <0001*
39th week 3118 16.03 <0001* 4222 15.05 0711 <0001
52th week 39.24 1747 0.044" 4633 17.91 1.000 0016
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Table 2 Observational mean and standard deviation of efficacy-related parameters (Continued)
CHAP-HA (N=71) Linear-HA (N =69) p°
Variable Mean SD P? Mean SD P?
TUG (second)
Baseline 11.93 3.65 - 11.05 3.03 - 0.120
4th week 1095 327 0018 961 1.99 <0001* 0.009*
12th week 10.37 3.21 <0001* 933 213 <0001* 0.108
26th week 1042 3.80 0.006" 10.30 235 0.091 0372
39th week 1091 383 0.159 10.78 222 1.000 0.374
52th week 11.59 450 1.000 11.35 227 1.000 0.657

VAS: Visual Analogue Scale

WOMAC: Western Ontario and McMaster Universities Arthritis Index
TUG: Timed Up and Go Test

a, corrected P value between post-injections and baseline;

b, P value between groups;

%, significant, P < 0.05

up; median: 20.00, IQR: 35.00 at 26-week follow-up; me-
dian: 45.00, IQR: 45.00 at 52-week follow-up). Aside
from CHAP-HA group, the data of linear-HA group in
OA KL =3 were normal distributed at each timepoint.
Other than VAS pain, it is also found that in the
WOMAC pain subscore in KL grade 2 subgroup ana-
lysis, the CHAP-HA group had significant improvement
comparing to linear-HA group at week 26 (2.73 + 3.31
for CHAP-HA, 4.61 + 2.88 for linear-HA, P =0.002; pos-
terior powers >0.8). In WOMAC total score, between
group comparison had shown significantly reduced in
CHAP-HA with KL grade 2 at week 26 as well as 39
(CHAP-HA: 24.33 + 14.46, linear-HA: 35.30 + 13.52,
P <0.05 at week 26; CHAP-HA: 29.94 + 15.60, linear-
HA: 39.87 + 14.30, P=0.001 at week 39; posterior pow-
ers > 0.8, respectively). Also, in KL grade 3 at week 39,
the WOMAC total score for CHAP-HA was
34.58 + 17.12, lower than 50.67 + 15.14 of linear-HA
group (P = 0.002; posterior powers > 0.8).

Adverse events

Table 5 lists the AEs that occurred at the time of the
first injection in each study group. No unexpected or se-
vere AEs were reported. The most frequent AEs re-
corded in the CHAP-HA group were joint pain (29.6%),
joint swelling (19.7%), paresthesia (2.8%), and stiffness

Table 3 Patient satisfaction in time interval

Time CHAP-HA Linear-HA P value
(N=71) (N=69)

4th week 664 + 224 684 + 24.7 0622

12th week 732+ 234 711 + 252 0,601

26th week 734 + 227 635 + 265 <0018

39th week 723+ 224 521+ 232 <0001*

52th week 61.7 + 220 375+ 231 <0001*

# indicates a significant difference between groups (P < 0.05)

(1.4%). The most frequent AEs recorded in the linear-
HA group were joint pain (18.8%), pruritus (1.4%), joint
swelling (8.7%), and paresthesia (2.9%). No significant
differences were noted between the groups in terms of
AEs. Table 5 also summarizes the AEs that occurred at
the time of the second injection of CHAP-HA. Both
CHAP-HA and linear-HA groups reported joint pain
(4.2% vs. 4.3%), joint swelling (2.8% vs. 1.4%), and
paresthesia (2.8% vs. 4.3%). Most of the AEs were re-
solved within 1-2 weeks.

Discussion
The results of the present study reflect the efficacy of a
single-dose HA injection in the treatment of knee OA.
The observed reduction in pain was clinically relevant in
this study because a reduction in pain intensity >30%
means clinical difference in knee OA (13, 14]. In
addition, the result showed that CHAP-HA was clinically
superior to linear-HA based on a medium to large effect
size (>0.25). The accepted threshold for clinically rele-
vant improvement in pain based on VAS score is >10-
30mm and is 14 mm on average [15]. In the present
study, response to treatment was considered with VAS
pain score improvement of =20 mm; accordingly, the re-
sponse was significantly higher at weeks 26 and 52 in
the CHAP-HA group than it was in the linear-HA
group, especially at week 26. Thus, BDDE-crosslinked
HA can achieve clinically significant pain relief for knee
OA. The within-group analysis also revealed improve-
ments in VAS pain and WOMAC total scores consist-
ently over 52weeks in patients who received BDDE-
crosslinked HA, indicating that the treatment might be
beneficial for longer than the claim (6 months). How-
ever, such an indication remains unclear and requires
further research.

In this trial, the recorded AEs were mild and self-
limiting. Most of the AEs were pain and swelling and
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Table 4 The comparison between groups according to Osteoarthritis Kellgren and Lawrence grade
OAKL=2 OAKL=3
Variables CHAP-HA (N=52) Linear-HA (N =54) pP° CHAP-HA (N=19) Linear-HA (N=15) PP
Mean  SD P Mean  SD P Mean  SD P Mean  SD P
VAS pain
Baseline 51.50 1930 - 50.19 13.53 0.685 56.74 14.59 6400 986 0.109
4th week 27.02 1794 <0001F 2465 1902  <0001¥ 0579 21.84 1974 <0001F 4767 1545  0031%  0001*
12th week 2158 1712 <0001 2357 2053 <0001° 0591 2474 2124 <0001F 5033 2208 0497  0007*
26th week 1996 2093  <0001% 3270 2302 <0001 0003* 2563 2309 <0001" 5267 2404 0934  0009*
39th week 3038 1888 <0001F 4685 2140 1.000 <0001F 4132 2272 0059 56.67 2289  1.000 0.241
52th week 4125 1836 0012 4889 2199 1.000 0034 4816 1820 0225 6033 2224  1.000 0.389

OA KL: Osteoarthritis Kellgren and Lawrence grade

VAS: Visual Analogue Scale

a, corrected P value between post-injections and baseline;
b, P value between groups;

%, significant, P < 0.05

were comparable between the two HA injections, indi-
cating that both treatment options are safe. Most
treatment-related AEs were reported within 2 days after
injection in both groups. However, the incidence was
slightly higher in patients treated with BDDE-
crosslinked HA. It has been reported that approximately
20% of patients develop arthralgia after intraarticular
HA injection [16-18]. One 26-week, multicenter, ran-
domized, double-blinded study demonstrated that the
rates of knee joint pain in patients treated with a single
injection of NASHA, which is also a BDDE-crosslinked
HA, and those treated with saline were 6.4 and 2.9%, re-
spectively [19]. In a 26-week clinical trial, the incidence
of AEs was slightly higher in patients receiving single 6-
mL intraarticular hylan G-F 20 compared with in those
receiving placebo (5.7% vs. 3.1%) [20]. Althought both
studies showed no statistically significance, it seems that
crosslinked HA might cause a higher incidence of AEs,
even though patients could tolerate these discomforts
because of their overall effects. Lower incidence of AEs
may explain the higher satisfaction with linear HA in the
first 4 weeks follow-up, but the satisfaction with BDDE-
crosslinked HA increased later in our study. The mech-
anism has not been clarified but higher occurance of
transient local reactions were inferred to result from the
injection procedure which might be owing to the higher
extrusion pressue associated with the viscous property of
crosslinked HA [21-23]. Nevertheless, patients should
be warned of these side-effects when choosing these
products. In the group receiving the second injection of
hylan G-F 20, one patient (1.3%) experienced treatment-
related AEs [20]. In the present study, the incidence of
AEs with the second injection of CHAP-HA was lower
than that with the first injections, implying that patients
may have become aware of these AEs and found them
more tolerable. Furthermore, the incidence of AEs in pa-
tients who received linear HA and BDDE-crosslinked

HA were similar to those who received BDDE-
crosslinked HA twice, indicating no cross-reactions be-
tween the two products.

This study also found that pain relief with BDDE-
crosslinked HA was significantly better than that with
linear HA from week 26. Several studies have demon-
strated the higher the molecular weight of the synovial
fluid supplement, the greater their effectiveness, which
probably depends on the improved viscoelastic proper-
ties and antiinflammation ability [24—26]. However, the
present study lacked a placebo control, and thus the effi-
cacy of the crosslinked HA beyond 6 months requires
more clinical evidence.

The study also found that patients with higher KL grade
seemed to obtain an earlier pain relief benefit with the
BDDE-crosslinked HA treatment, whereas those with
lower KL grade obtained the benefits relatively later. This
might be correlated with a higher incidence of local dis-
comforts, particularly in patients with lower KL grade, be-
cause of the higher viscosity or lower fluidity of the
product. Thus, patients with better OA conditions may
not obtain considerable benefits from BDDE-crosslinked
HA in the beginning. As the product degrades, HA may
modulate biological factors to achieve its pain reduction
effects. The pain reduction effect of HA is likely mediated
through interaction with cellular receptors, such as opioid
receptors, nociceptors, and CD44 [5, 27-29], and the initi-
ation of further signaling pathways of PGE, downregula-
tion and COX-2 generation [27, 29]. Although those
studies have focused on linear products, crosslinked prod-
ucts degrade into a linear form over time, and owing to
the longer degradation time, these pain-relieving effects
may last longer. On the other hand, patients with higher
KL grade had better and earlier pain relief likely due to
the very low amount of viscofluid in the joints, thereby
allowing the highly viscous BDDE-crosslinked HA to
achieve its intended treatment from the beginning.
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Table 5 Adverse event at injection
Adverse event CHAP-HA Linear-HA P value
First Injection (N=71) (N=69)
Joint swelling 14 (19.7) 6 (8.7) 0.062
0-3 days 3 4
4-7 days 7 2
8-14 days 3 0
> 14 days 1 0
Joint pain 21 (296) 13 (18.8) 0.139
0-3 days 7 4
4-7 days 6 6
8-14 days 7 0
> 14 days 1 3
Joint disorder 6 (8.5) 1(14) 0.057
0-3 days 3 1
4-7 days 2 0
8-14 days 0 0
> 14 days 1 0
Pruritus 0 (0.0) 1014 0493
0-3 days 0 1
Paraesthesia 2 (2.8) 2 (29) 0977
0-3 days 1 1
8-14 days 1 1
Pain in limb 1(14) 0 (0.0) 0.322
8-14 days 1 0
Myasthenia 104 0 (0.0) 0322
4-7 days 1 0
Fatigue 2 (2.8) 0 (0.0) 0.160
0-3 days 2 0
Stiffness 1(14) 0 (0.0) 0.322
0-3 days 1 0
Sore 104 2 (29) 0.543
0-3 days 1 2
Second Injection (N=56) (N=53) P value
Joint swelling 2(2.8) 1(1.4) 0.576
0-3 days 1 0
4-7 days 1 0
> 14 days 0 1
Joint pain 3(4.2) 3(43) 0971
0-3 days 3 0
4-7 days 0 3
Paraesthesia 2(2.8) 3(4.3) 0626
0-3 days 0 1
4-7 days 2 2
Joint disorder 1(14) 0(0.0) 0322
4-7 days 1 0

The values are given as the number of patients with the percentage

in parentheses
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The present study had several limitations. First, we did
not include a placebo treatment (ie., saline injection),
and thus we could not clinically confirm the > 6-month
effectiveness of BDDE-crosslinked HA. Second, we did
not recruit patients with KL grade 4 OA. Third, because
of the comparison between single and three injections,
patients could not be blinded, which may have led to
subjective outcome bias. Finally, We performed various
analyses on many parameters, but we focused the results
on primary endpoint VAS. However, the problem of in-
creased type I error due to multiple testings for the dif-
ferences in other secondary parameters should be
cautioned.

Conclusions

In conclusion, our results demonstrated clinical im-
provement in both pain and function with BDDE-
crosslinked HA lasting for 52 weeks, and the improve-
ment was preferable compared with linear HA from 6 to
12 months. In the future, we hope to recruit patients
with KL grade 4 OA to investigate the effects of intraar-
ticular injection of crosslinked HA in that group and to
more accurately identify patients who can benefit from
this treatment.
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