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Abstract

Background. This study aimed to compare the efficacy and safety of intra-articular hyaluronic acid (HA) injection with
different molecular weights (MWs) for treating hip osteoarthritis (OA). Methods. A systematic literature search for
relevant studies was conducted in 3 electronic databases, including PubMed, BM] Journals, and Cochrane Library, from
inception to April 2020. Extracted outcomes included visual analogue scale (VAS) (I, 3, and 6 months), Lequesne index (3
and 6 months), and adverse effects. HAs were classified into low-molecular-weight (LMW), moderate-molecular-weight
(MMW), high-molecular-weight (HMW), and ultra-high-molecular-weight (UHMW) groups. Meta-analysis was performed
using Review Manager 5.3. Results. A total of 15 studies with 614 patients were included. Our meta-analysis showed that
the HMW HA group had the best improvement in VAS and Lequesne index compared with other HA groups for all the
follow-up visits. Moreover, the HMW group demonstrated significantly better improvement than the other groups in VAS
at 6-month follow-up and in Lequesne index at 3- and 6-month follow-ups. Analysis for adverse effects revealed low rates
of systemic adverse effects (=0.6%) in all groups and similar rate of local adverse effects (around 10%) among the groups
except for UHMW HA group (37.5%). Conclusion. Among different MWs of HA for treating hip OA, HMW HA injection
demonstrated the best efficacy for up to 6 months after treatment without increased risk of adverse effects. Further
studies with more comprehensive data and a higher level of evidence are required to prove our results.
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Osteoarthritis (OA) is recognized as a “serious” disease in
that it causes progressive disability and increased risk of
death.! With estimated 240 million people affected by OA
across the world currently, its prevalence is expected to rise
due to aging of the population and increased incidence of
obesity.!? The surge of disease burden embodies in the
years lived with disability for OA, which has increased by
31.4% from 2007 to 2017.> Despite more and more people
suffering from symptomatic OA, there is still no known
curable strategy to stop, prevent, or even reduce its pro-
gression. Current pharmacological treatments for OA are
limited to symptomatic control, including acetaminophen,
nonsteroidal anti-inflammatory drugs (NSAID), and intra-
articular (IA) hyaluronic acid (HA) or steroid.* NSAIDs
are commonly prescribed to alleviate joint pain and inflam-
mation, but they are associated with an increased risk of
gastrointestinal and cardiovascular adverse effects.’ In
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contrast, IA-HA injection can relieve joint pain with few
systemic side effects, it thus has been developed and widely
used in the past 20 years.®

Within affected joints, chronic inflammatory process
gives rise to reduced molecular weight (MW) and concen-
tration of HA, impairing the lubricating and protecting
effects of synovial fluid.” Physically, viscosupplementation
with IA-HA injection could directly restore the rheologic
properties of the synovial fluid and decrease the joint fric-
tion to prevent cartilage degradation.® The MW is positively
correlated to rheologic properties and residence time.’
Correspondingly, efficacy of different HA products is found
to vary by MW with accumulating evidence.'%-

Besides supplementation for viscoelasticity of synovial
fluid, IA-HA may act through additional cellular modify-
ing mechanisms, including anti-oxidative, anti-inflamma-
tory, and analgesic effects.'> The biologic effects of HA
also vary widely with its MW.'* An in vitro study revealed
the correlation between MW and macrophage activation:
HA with MW less than 5 kDa induced phenotypic changes
of macrophage facilitating pro-inflammatory response;
while HA with MW more than 800 kDa enhanced changes
leading to pro-resolving response.!> HA with MW of 2000
to 4000 kDa was found to inhibit interleukin-6 (IL-6)-
induced matrix metalloproteinases production from human
chondrocytes, repressing proteoglycan degradation in
articular cartilage.'®

Clinically, the impact of MW on the effects of HA
treatment has been extensively explored for knee OA. A
recent meta-analysis evaluating the efficacy and safety of
currently used IA treatments (HAs, platelet-rich plasma,
and extended-release or standard release corticosteroids)
demonstrated that HA with higher MW had more compre-
hensive therapeutic effects on both pain and function,
outperforming other IA treatments.!' Another meta-analy-
sis assessing the efficacy and safety of different HA prod-
ucts for knee OA suggested that HA with MW more than
3000 kDa leads to lower incidence of discontinuation due
to treatment-related adverse effects (0.77%), compared
with 2.20% for HA with MW lower than 1500 kDa.'? On
the basis of studies in knee OA, it seems that HAs of dif-
ferent MWs work with distinguishing features, and they
should not be categorized as a single group.

Although hip joint is the second common affected site of
OA, literature regarding the efficacy of viscosupplementa-
tion for treating hip OA is much lesser than that of knee OA,
presumably because it is relatively difficult to access the hip
joint.!” Previous investigations indicated amelioration of
pain and function after viscosupplementation treatment for
hip OA, but the efficacy of different MWs of HA remains
unclear. Due to limited analyses and inconclusive opinions
on HA of different MWs for treating hip OA, we therefore
conducted this meta-analysis to make clear the role of MW
in clinical therapeutic effects on hip OA.

Method
Search Strategy

We conducted this systematic review and meta-analysis by
following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Three
electronic databases were adopted to screen relevant arti-
cles from inception to April 2020, including PubMed, BMJ
Journals, and Cochrane Library. The following key terms
with Boolean operators were used to search articles: (“hip”
AND (“osteoarthritis” OR “arthritis” AND (“hyaluronic
acid” OR “viscosupplementation”)). For the searching pro-
cedure, duplicates in the identified articles were removed.
Then, titles and abstracts of the remaining articles were
screened for potential studies. Finally, full-texts of the
potential studies were further examined. The searching
procedure was performed independently by 2 reviewers
(Y.Z.W. and C.L.S.). Any discrepancy was resolved after
discussion by the 2 reviewers until a consensus was reached.
We also manually searched the reference lists of related
reviews and the included articles to include additional rele-
vant articles.

Inclusion and Exclusion Criteria

Studies that met the following criteria were included: (1)
clinical trials using IA-HA injection to treat patients with
hip OA, without restriction to prospective or retrospective
design; (2) diagnosis of hip OA confirmed by clinical or
radiographical assessment; (3) explicit description of the
type of HA used, dosage, and treatment course; and (4) clin-
ical outcomes recorded using visual analogue score (VAS)
or Lequesne index. The exclusion criteria were as follows:
(1) HA treatment in combination with manual therapy,
(2) lack of description of the brand name or MW of HA, and
(3) lack of quantitative data for analysis, such as sample
size, mean, or standard deviation.

Type of Outcome

For evaluating the therapeutic effect on hip OA, several
scales or indices were commonly used, including VAS,
Lequesne index, Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score, and Harris hip score.
After collecting data from potential studies, we decided to
adopt VAS and Lequesne index due to well-documented
records for most included studies.

VAS is a tool for the measurement of pain level, which
contains a line with a fixed length of 10 cm or 100 mm. The
left end anchored with 0 cm represents “no pain,” and the
right end anchored with 10 cm for “the worst pain.” It is a
continuous scale, and any point on the line between the
ends can be selected. To standardize VAS among included
studies, we used the unit of cm. We retrieved VAS data at
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follow-up time of 1, 3, and 6 months after initial injection,
and we adopted the VAS while walking or in activity.

Lequesne index consists of 3 components, including
evaluating discomforts, maximal walking distance and
ability for daily activity. Scoring of each part ranges from
0 to 8, and the maximum total score is 24. Data of Lequesne
index were retrieved at 3- and 6-month follow-ups after
initial injection.

Data Extraction

The main characteristics of included studies were extracted,
including the first author’s name, publication year, study
design, treatment implementation (type of HA used, dos-
age, and course of injection), demographics of enrolled
patients (sample size, male-to-female ratio, mean age, and
OA radiographic grade), type of outcome, follow-up time,
and adverse effects.

Quality Assessment

We evaluated the quality of all the included studies using
Downs and Black checklist for its applicability to random-
ized and nonrandomized studies.'® There are 27 items with
1 point for each item, but there is an exceptional item: Up
to 2 points can be given for the question regarding distri-
butions of principal confounders in the reporting section.
After scoring, the quality of articles can be classified as
poor (score: 0-14), fair (score: 15-19), and good (score:
20-28).19:20

Data Synthesis and Analysis

For comparing the efficacy among different MWs of HA,
HAs were grouped into low-molecular-weight (LMW),
moderate-molecular-weight (MMW), high-molecular-weight
(HMW), and ultra-high-molecular-weight (UHMW) with ref-
erence to previous studies through minor adjustments. 122!
The detailed classifications based on MWs and brand are
shown in Table 1.

All statistical analyses were conducted by Review
Manager (version 5.3). Data were subgrouped based on
MW classifications and follow-up time. VAS and Lequesne
index were both continuous variables and were evaluated
using a mean difference (MD) with 95% confidence inter-
vals (CIs). Tau, chi-square test and /? statistics were used to
assess the heterogeneity. Noticeable heterogeneity was con-
sidered if any of the following criteria was met: Tau square
test >0.1, P value of chi-square test <0.05, or 7 > 50%.
Due to varied treatment courses among the included stud-
ies, we decided to adopt a random-effects model for all
analyses, regardless of heterogeneity. A P value <0.05 was
considered statistically significant for all analyses.

Results

Study Selection

The flow diagram of the selecting process is shown in
Figure 1. Initially, 545 relevant articles were identified
from the electronic databases. After removing duplicates,
titles and abstracts of 362 articles were screened, and 34 of
them were considered as eligible. We further reviewed the
full texts of the remaining studies, and 14 studies met our
inclusion criteria. Otherwise, an additional study was
included by manually searching the reference lists of
related reviews. Finally, a total of 15 studies were included
for meta-analysis.

Study Characteristics

The main characteristics of the included studies are shown
in Table 2. A total of 614 patients with 633 symptomatic
hips were included in this meta-analysis, and 61% of the
patients were female. Mean age of the participants ranged
from 54.7 to 73.6 years. The severity of hip OA was
assessed by Kellgren-Lawrence (KL) grade, and patients
with grade II to IIT OA accounted for 68% to 100% of
participants. The treatment course was scheduled accord-
ing to the features of HA products, with additional injec-
tions performed at follow-ups if clinically necessary. For
available clinical outcomes, we extracted VAS at follow-
up time of 1, 3, and 6 months, as well as Lequesne index
at 3 and 6 months. All of these studies reported VAS, and
9 of them reported Lequesne index.

Quality Assessment

The detailed quality assessment for each study is shown
in Table 3. In the reporting section, most of the included
studies briefly reported adverse effects, and all the stud-
ies did not provide a complete list of possible adverse
effects. Only 1 study reported statistical power calcula-
tion. Overall, the scores of the included studies ranged
from 16 to 25, which were considered as fair to good
quality.

Meta-Analysis

Visual Analogue Scale. The results of VAS at 1-, 3- and
6-month follow-ups are shown in Figures 2, 3, and 4,
respectively. Moreover, the results of VAS at all 3 follow-
ups are shown together in Figure 5 according to the classi-
fication by MW.

All the 3 HA groups had a significant improvement in
VAS at the 1-month follow-up when compared with the base-
line level (trial = 1, MD = 1.20, 95% CI = 0.47-1.93, P =
0.001 for LMW group; trial = 4, > = 72%, MD = 2.07, 95%
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Table |. Hyaluronic Acid Classified by Molecular Weight.

Classification Grouping Standard (kDa) Bank of HA Molecular Weight (kDa) Crosslinking
LMW HA <1,200 Hyalgan 500-730
Adant 600-1,200
MMW HA 1,200-3,600 Ostenil 1,200-1,400
Hyalubrix 1,500-3,200
Hyalubrix 60 1,300-3,600
Synocrom Averaging 1,600
HMW HA 3,600-10,000 Hylan G-F 20 Averaging 6,000-7,000
UHMW HA > 10,000 Durolane Averaging >10,000
Fermathron S Not quantifiable

HA = hyaluronic acid; LMW = low-molecular-weight; MMW = moderate-molecular-weight; HMW = high-molecular-weight; UHMW = ultra-high-
molecular-weight.
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Figure |. Flow diagram of study selecting process.

CI = 1.29-2.84, P < 0.00001 for MMW group; trial = 4, in improvement among these 3 HA groups (P = 0.05), they
P = 0%, MD = 2.42,95% CI = 1.77-3.07, P < 0.00001 for had a possible trend in variance for efficacy, in which HMW
HMW group). Although there were no significant differences HA was the best, MMW the second, and LMW the worst.
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Table 3. Quality of the Included Studies Assessed by Using Downs and Black Checklist.
Downs and Black Checklist
Reporting  External Bias  Confounding Power  Total

Study Study Design (rn Validity (3) 7 (6) (n (28) Quality
Brocgq et al. (2002)% Prospective 9 3 6 3 0 2l Good
Conrozier et al. (2003)# Prospective 10 2 6 3 0 2l Good
Caglar-Yagci et al. (2005)* Not mentioned 9 3 6 3 0 21 Good
Migliore et al. (2005)% Prospective 10 3 6 3 0 22 Good
Migliore et al. (2005)2¢ Not mentioned 9 2 6 3 0 20  Good
Tikiz et al. (2005)% Prospective 10 3 7 4 0 24  Good
van den Bekerom et al. (2008)% Prospective 7 3 6 4 0 20  Good
Conrozier et al. (2009)% Prospective 10 3 6 3 0 22 Good
Migliore et al. (2009)%° Prospective 9 3 7 5 0 24  Good
Richette et al. (2009)3' Prospective 10 2 7 6 0 25  Good
Battaglia et al. (2013)3? Prospective 8 3 7 5 I 24  Good
Di Sante et al. (2016)3 Prospective 10 2 6 4 0 22 Good
Doria et al. (2017)% Prospective 10 3 7 5 0 25  Good
Abate and Salini (2017)%* Retrospective 8 I 6 I 0 6  Fair
Clementi et al. (2018)% Prospective 10 3 6 5 0 24  Good

1 month follow-up (VAS)

Baseline After treatment Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV. Random, 95% ClI IV. Random. 95% CI

1.1.1LMW

Van Den Bekerom et al. 2008 51 23 91 39 27 91 147% 1.20(0.47,1.93] -

Subtotal (95% Cl) 91 91 147% 1.20 [0.47,1.93] <& Legend

Heterogeneity: Not applicable

Test for overall effect: Z= 3.23 (P = 0.001)

For a study

142 MMW

Battaglia etal. 2013 597 0.25 50 358 031 50 21.9% 2.39(2.28,2.50] - mean

Sante etal. 2016 832 17 22 527 16 22 116%  105[007,203) — difference

Tikiz et al. 2005 72 15 32 41 26 32 109%  310[206,414) —

Van Den Bekerom et al. 2008 43 22 20 28 23 20 78% 1.40(0.01,2.79] T o | Q5% (C|emeememnnnad .

Subtotal (95% Cl) 124 124 52.3% 2.07 [1.29, 2.84] L 4 95%Cl

Heterogeneity: Tau®= 0.42; Chi*=10.90, df= 3 (P = 0.01), F=72%

Test for overall effect: Z= 5.20 (P < 0.00001) For a group

1.1.3 HMW mean .. .ccceiens

Brocq etal. 2002 554 149 22 307 222 22 101%  2.47(1.35359) S difference 2

Caglar-Yagci et al. 2005 7.735 1.347 14 4892 2162 14 8.2% 2.84[1.51,4.18] o ’.

Tikiz et al. 2005 87 17 24 44 23 24 99%  230[116,344) —— . L

Van Den Bekerom et al. 2008 4.7 26 15 3 29 15 47% 1.70[-0.27, 3.67] i T 95% Cl srnmasiagsad

Subtotal (95% Cl) 75 75 33.0% 242[1.77,3.07] L 2

Heterogeneity: Tau*= 0.00; Chi*= 0.95, df= 3 (P = 0.81); = 0%

Test for overall effect: Z=7.32 (P < 0.00001)

Total (95% CI) 290 290 100.0% 2.06 [1.58, 2.55] *

Heterogeneity: Tau®= 0.28; Chi*= 21.67, df= 8 (P = 0.006); F= 63% 5 £ :

Testfor overall effect Z= 8.36 (P < 0.00001) ! Favours [Baseline] Favours [After treatment]

Testfor subgroup diflerences: Chi*= 617, df= 2 (P = 0.05); F'= 67.6%

Figure 2. Forest plots of meta-analysis in comparison of VAS score improvement before and after treatment at the |-month follow-
up for LMW, MMW, and HMW groups. VAS, visual analogue scale; LMWV, low-molecular-weight; MMW, moderate-molecular-weight;

HMW, high-molecular-weight.

All the 3 HA groups had a significant improvement in VAS
at the 3-month follow-up when compared with the baseline
level (trial = 4, > = 1%, MD = 1.12,95% CI = 0.73-1.52, P
< 0.00001 for LMW group; trial = 3, 2 = 0%, MD = 2.17,
95% CI = 2.07-2.28, P < 0.00001 for MMW group; trial =
4, P = 74%, MD = 3.08,95% CI = 1.98-4.19, P < 0.00001
for HMW group). There was a significant difference among
these 3 groups (P < 0.00001). The HMW or MMW group

had a significantly better improvement than LMW group
(HMW vs. LMW, P = 0.001; MMW vs. LMW, P < 0.00001).
There was no significant difference between the HMW and
MMW groups (P = 0.11). These groups had a possible trend
in variance for efficacy, in which HMW was the best, MMW
the second, and LMW the worst.

All the 4 HA groups had a significant improvement in
VAS at the 6-month follow-up when compared with the
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3 month follow-up (VAS)

Baseline After treatment
Study or Subgroup Mean SD Total Mean
1.21 LMW
Abate etal. 2017_group1 45 1 20 33 08 20 11.7%
Abate etal. 2017 _group2 4.4 15 20 35 1.3 20 9.8%
Migliore et al. 2005h 65 21 19 44 21 19 7.2%
Richette et al. 2009 584 118 42 506 249 42 10.0%
Subtotal (95% CI) 101 101 38.7%
Heterogeneity: Tau®= 0.00; Chi*= 3.03, df= 3 (P=0.39), F=1%
Test for overall effect: Z= 5.57 (P < 0.00001)
1.2.2 MMW
Battaglia etal. 2013 597 025 50 38 03 50 13.4%
Migliore et al. 2008 64 194 17 43 258 17 6.2%
Tikiz et al. 2005 72 15 32 46 25 32 9.0%
Subtotal (95% Cl) 99 99  28.6%
Heterogeneity: Tau*= 0.00; Chi*= 0.70, df= 2 (P = 0.71), F= 0%
Test for overall effect: Z= 39.70 (P < 0.00001)
1.2.3 HMW
Brocq et al. 2002 554 149 22 304 222 17 7.7%
Caglar-Yagci et al. 2005 7.735 1374 14 2857 1.987 14 75%
Conrozier etal. 2003 693 119 56 395 295 56  10.0%
Tikiz et al. 2005 6.7 1.7 24 47 27 24 75%
Subtotal (95% CI) 116 111 32.7%
Heterogeneity: Tau?= 0.93; Chi*= 11.42, df= 3 (P = 0.010); F=74%
Test for overall effect: Z= 5.47 (P < 0.00001)
Total (95% CI) 316 311 100.0%
Heterogeneity: Tau*= 0.52; Chi*=52.17, df=10 (P < 0.00001); F=81%
Test for overall effect: Z= 7.98 (P < 0.00001)
Test for subgroup differences: Chi*= 28.26, df= 2 (P < 0.00001); F= 92.9%

Mean Difference
SD_Total Weight IV. Random, 95% CI

Mean Difference
IV, Random, 95% ClI

1.20 (0.64,1.76]
0.90 (0.03,1.77]
2.10(0.76, 3.44]
0.78 [-0.05,1.61)
1.12[0.73,1.52]

0*\“

217 (2.06, 2.28)
2.10(0.57, 3.63]
2.60 [1.59, 3.61]
2417 [2.07, 2.28]
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4.88(3.61,6.14)
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Figure 3. Forest plots of meta-analysis in comparison of VAS score improvement before and after treatment at the 3-month follow-
up for LMW, MMW, and HMW groups. VAS, visual analogue scale; LMW, low-molecular-weight; MMW, moderate-molecular-weight;

HMW, high-molecular-weight.

baseline level (trial = 3, > = 20%, MD = 1.68, 95% CI =
1.15-2.22, P < 0.00001 for LMW group; trial = 4, I = 0%,
MD = 1.93,95% CI = 1.82-2.04, P < 0.00001 for MMW
group; trial = 3, 7 = 0%, MD = 2.98, 95% CI = 2.24-3.73,
P < 0.00001 for HMW group; trial = 2, > = 23%, MD =
1.81,95% CI = 1.15-2.46, P < 0.00001 for UHMW group).
There was a significant difference among these 4 groups
(P = 0.03). The efficacy of HMW group was significantly
better than the LMW (P = 0.005), MMW (P = 0.006), or
UHMW group (P = 0.02). However, there were no signifi-
cant differences among the LMW, MMW, and UHMW
groups (P = 0.63).

Overall, HMW group had the best improvement in VAS
at all the 3 follow-ups, and it had a significantly better
performance than other groups at 6-month follow-up.
Moreover, the improvement of VAS score reached its peak
between 1 and 6 months in both MMW and HMW groups,
whereas no peaking was found in that of LMW group within
6 months after initial injection.

Lequesne Index. The results of Lequesne index at 3- and
6-month follow-ups are shown in Figures 6 and 7, respec-
tively. Furthermore, the results of Lequesne index at both

follow-ups are shown together in Figure 8 according to the
classification by MW.

Among the LMW, MMW, and HMW groups, the
MMW and HMW groups had a significant improvement
in Lequesne index at the 3-month follow-up when com-
pared with the baseline level (trial = 3, > = 73%, MD =
1.85,95% CI = —0.62 to 4.33, P = 0.14 for LMW group;
trial = 3, > = 55%, MD = 3.19, 95% CI = 1.09-5.29,
P = 0.003 for MMW group; trial = 3, I = 0%, MD =
5.64,95%CI = 5.15-6.13, P < 0.00001 for HMW group).
There was a significant difference in improvement among
the 4 groups (P = 0.001). The efficacy of HMW group
was significantly better than the LMW (P = 0.003) or
MMW group (P = 0.03). However, there was no signifi-
cant difference between the LMW and MMW groups
(P = 0.42). These groups had a possible trend in variance
for efficacy, in which HMW was the best, MMW the sec-
ond, and LMW the worst.

There were 4 HA groups at the 6-month follow-up,
including LMW, MMW, HMW, and UHMW groups. They
had a significant improvement in Lequesne index when
compared with the baseline level except for the LMW group
(trial = 3, > = 46%, MD = 1.69, 95% CI = —0.06 to 3.45,
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6 month follow-up (VAS)

Baseline After treatment Mean Difference Mean Difference
Study or Subgroup Mean _ SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.3.1 LMW
Abate etal. 2017_group1 45 1 20 25 08 20 135% 2.00[1.44, 2.56) -
Abate etal. 2017_group2 44 15 20 32 1.2 20 7.6% 1.20 (0.36, 2.04) —
Migliore et al. 2005b 85 21 19 5 23 19 32% 1.50(0.10, 2.90] e
Subtotal (95% Cl) 59 59 24.3% 1.68 [1.15, 2.22] L 4
Heterogeneity: Tau®= 0.05; Chi*= 2.52, df= 2 (P = 0.28), F= 20%
Test for overall effect: Z=6.21 (P < 0.00001)
1.3.2 MMW
Battaglia etal. 2013 597 025 50 4.04 031 50 341% 1.93(1.82, 2.04) .
Doriaetal. 2017 78 18 40 63 29 40 51% 1.50(0.43, 2.57)
Migliore et al. 2009 64 194 17 45 196 17 386% 1.90 [0.59, 3.21)
Tikiz et al. 2005 72 15 32 46 25 32 56% 2.60(1.59, 3.61) T
Subtotal (95% Cl) 139 139 48.4% 1.93 [1.82, 2.04) ‘
Heterogeneity: Tau®= 0.00; Chi*= 2.30, df= 3 (P = 0.51); F= 0%
Testfor overall effect: Z= 34.83 (P < 0.00001)
1.3.3 HMW
Brocq etal. 2002 554 1.49 22 247 1.1 " 4.3% 3.07 [1.88, 4.26] I
Migliore et al. 2005a 6.85 2.08 30 426 3.04 30 35% 2.59(1.27,3.91] ——
Tikiz et al. 2005 67 1.7 24 34 3 24 33% 3.30[1.92,4.68] =
Subtotal (95% Cl) 76 65 11.0% 2.98[2.24,3.73] <>
Heterogeneity: Tau®= 0.00; Chi*= 0.56, df= 2 (P = 0.75), F= 0%
Test for overall effect: Z= 7.87 (P < 0.00001)
1.3.4 UHMW
Clementi etal. 2018 64 17 23 5 15 23 65% 1.40(0.47,2.33) -
Conrozier et al. 2009 519 2.08 34 311 041 34 98% 2.08[1.37,2.79) =
Subtotal (95% Cl) 57 57 16.3% 1.81 [1.15, 2.46] L 4
Heterogeneity: Tau®= 0.05; Chi*=1.30, df=1 (P = 0.25), F= 23%
Test for overall effect: Z=5.42 (P < 0.00001)
Total (95% Cl) 331 320 100.0%  1.98[1.72,2.24] ¢
Heterogeneity: Tau®= 0.05; Chi*= 15.31, df=11 (P = 0.17); F= 28% Ko * : t o

Test for overall effect: Z=14.90 (P < 0.00001)

Test for subgroup differences: Chi*= 8.65,df=3 (P=0.03), #= 65.3%

Favours [Baselinel] Favours [After treatment]

Figure 4. Forest plots of meta-analysis in comparison of VAS score improvement before and after treatment at the 6-month
follow-up for LMW, MMW, HMW, and UHMW groups. VAS, visual analogue scale; LMW, low-molecular-weight; MMW, moderate-

molecular-weight; HMW, high-molecular-weight; UHMW, ultra-high-molecular-weight.

Total (95% Cl)
Heterogeneity: Tau*= 5.19; Chi*= 59.67, df= 8 (P < 0.00001); F=87%
Test for overall effect: Z= 4.29 (P < 0.0001)
Test for subgroup differences: Chi*=13.07, df= 2 (P = 0.001); F=84.7%

Subtotal (95% CI) 59
Heterogeneity: Tau®*= 3.40; Chi*=7.36, df=2 (P=0.03), F=73%
Test for overall effect. Z=1.47 (P=0.14)

2.1.2 MMW

Clementi etal. 2018 115 44 27
Migliore et al. 2009 7.09 378 17
Tikiz et al. 2005 114 46 32

Subtotal (95% CI) 76
Heterogeneity: Tau*=1.88; Chi*=4.41,df=2 (P=0.11), F=55%
Test for overall effect: Z= 2.97 (P = 0.003)

2.1.3 HMW

Brocg et al. 2002 116 41 22
Caglar-Yagci et al. 2005 1257 055 14
Tikiz et al. 2005 18 33 24

Subtotal (95% CI) 60
Heterogeneity: Tau®= 0.00; Chi*= 0.05, df= 2 (P = 0.97); F= 0%
Test for overall effect: Z= 22.55 (P < 0.00001)
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3 month follow-up (Lequesne index)

5.1
46
59

Baseline
Study or Su Mean SD Total Mean
21.1 LMW
Abate etal. 2017_group1 54 33 20
Abate etal. 2017_group2 55 31 20
Migliore et al. 2005b 113 67 19

3
26
4.4

93 35
515 515
62 48

57 42
693 081
63 43

After treatment
SD_Total Weight IV. Random

20 11.7%
20 12.0%
19 81%
59 32.8%

27 11.4%
17 95%
32 11.0%
76 31.9%

17 10.3%
14 137%

24 11.3%
55 35.3%

190 100.0%
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Mean Difference
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0.30 [-1.65, 2.29)
0.90[-0.87,2.67)
5.40[2.16, 8.64)
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1.94[-1.10,4.99)
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Figure 5. Improvement of visual analogue scale (VAS) score versus time.
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6 month follow-up (Lequesne index)

221 LMW

Abate et al. 2017_group1 54 33 20 49 29 20 10.0%
Abate et al. 2017_group2 55 31 20 39 25 20 10.6%
Migliore et al. 2005b 113 57 19 69 53 18 58%
Subtotal (95% CI) 59 59 26.4%
Heterogeneity: Tau®= 1.08; Chi*= 3.69, df= 2 (P = 0.16); F= 46%

Test for overall effect: Z=1.90 (P = 0.06)

2.2.2 MMW

Clementi etal. 2018 115 44 27 96 34 27 95%
Migliore et al. 2009 709 378 17 394 258 17 92%
Tikiz et al. 2005 114 46 32 62 58 32 81%
Subtotal (95% CI) 76 76 26.7%

Heterogeneity: Tau®= 1.22; Chi*= 3.81, df= 2 (P = 0.15), F= 48%
Test for overall effect: Z= 3.57 (P = 0.0004)

2.2.3 HMW

Brocg et al. 2002 116 441 22 56 39 1 7.3%
Migliore et al. 2005a 11.59 4.41 30 615 4.45 30 9.0%
Tikiz et al. 2005 118 33 24 59 54 24 82%
Subtotal (95% CI) 76 65 24.4%

Heterogeneity: Tau*= 0.00; Chi*=0.12, df=2 (P = 0.94); F=0%
Test for overall effect: Z= 7.75 (P < 0.00001)

2.2.4 UHMW

Clementi etal. 2018 125 441 23 97 3 23 95%
Conrozier et al. 2008 8.9 3 34 69 05 34 129%
Subtotal (95% ClI) 57 57 22.4%

Heterogeneity. Tau®= 0.00; Chi*= 0.46, df=1 (P = 0.50), F= 0%
Test for overall effect: Z= 4.61 (P < 0.00001)

Total (95% ClI) 268 257 100.0%
Heterogeneity: Tau®= 2.15; Chi*= 30.48, df=10 (P = 0.0007); F=67%

Test for overall effect: Z= 5.90 (P < 0.00001)

Test for subgroup differences: Chi*= 19,16, df= 3 (P = 0.0003);, F= 84.3%

Baseline After treatment Mean Difference
Study or Subgroup Mean _SD Total Mean _ SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

0.50 [-1.43,2.43)
1.60[-0.15,3.35)

4.40(0.90, 7.90]
1.69 [-0.06, 3.45]

1.90 [-0.20, 4.00)
3.15(0.97,5.33]
5.20(2.64,7.76)
3.30 [1.49,5.10]

6.00 (3.13,8.87)
5.4 (3.20, 7.68)
5.90 3.37, 8.43)
5.73 [4.28,7.18]
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2.00(0.98,3.02]
2.16 [1.24,3.07]
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Figure 6. Forest plots of meta-analysis in comparison of Lequesne index improvement before and after treatment at the 3-month
follow-up for LMW, MMW, and HMW groups. LMW, low-molecular-weight; MMW, moderate-molecular-weight; HMW, high-

molecular-weight.

Improvement of VAS score versus time
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Figure 7. Forest plots of meta-analysis in comparison of Lequesne index improvement before and after treatment at the 6-month
follow-up for LMW, MMW, HMW, and UHMW groups. LMW, low-molecular-weight; MMW, moderate-molecular-weight; HMWV,

high-molecular-weight; UHMW, ultra-high-molecular-weight.

P = 0.06 for LMW group; trial = 3, > = 48%, MD = 3.30,
95% CI = 1.49-5.10, P = 0.0004 for MMW group; trial =
3,2 = 0%, MD = 5.73,95% CI = 4.28-7.18, P < 0.00001
for HMW group; trial = 2, > = 0%, MD = 2.16,95% CI =

1.24-3.07, P < 0.00001 for UHMW group). There was a
significant difference among these groups (P = 0.0003).
The efficacy of HMW group was significantly better than
LMW (P = 0.0005), MMW (P = 0.04), or UHMW group
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Figure 8. Improvement of Lequesne index versus time.

(P < 0.0001). There was a possible trend in variance for
efficacy, in which higher MW of HA had better efficacy
except for the UHMW group.

As a whole, HMW group had significantly better
improvement in Lequesne index at both follow-ups.
Moreover, the mean improvement of Lequesne index
remained stationary from 3- to 6-month follow-ups in
LMW, MMW, and HMW groups.

Adverse Effects. All the included studies reported adverse
effects of HA treatment, and their results are summarized in
Table 4. Of the 614 patients included, only 2 cases were
reported having systemic adverse effects after injection. One
patient suffered from aseptic arthritis with fever after injection
of HMW HA (Hylan G-F 20), and the symptoms resolved
within 2 days under treatment of NSAIDs alone; the other had
pruritus after injection of LMW HA (Adant), but no further
description of the involved area or treatment course was
recorded. The incidence of local adverse effects was relatively
higher, ranging from 5% to 37.5%. Most of the local adverse
effects were transient local pain or hematoma, which usually
resolved within hours or days. UHMW HA group had a rela-
tively high rate of local adverse effects (37.5%) when com-
pared with the other groups (8.2%-12.2%).

Discussion

With growing disease burden of hip OA, it is imperative to
develop appropriate options for conservative treatment. The
use of [A-HA to treat hip OA gets more and more common,
but the efficacy of HA with different MWs remains unclear.
Our study aimed to figure out how the MW of HA deter-
mines its therapeutic effects. The meta-analysis for efficacy
revealed a clear trend that was consistently observed in both
VAS and Lequesne index: improvement of the outcomes

increased from LMW, MMW to HMW groups, then
decreased from HMW to UHMW groups, regardless of the
follow-up time within 6 months after initial injection.
Moreover, analysis for safety of HA showed rare systemic
adverse effects (=0.6%) in all groups and similar rate of
local adverse effects (LMW 4/42,9.5%; MMW 4/49, 8.2%;
HMW 11/90, 12.2%) among the groups except for UHMW
group (15/40, 37.5%).

Although the effective mechanisms of IA-HA injection
in hip OA were still not fully understood, we tried to inter-
pret our findings on the basis of current knowledge of HA,
in which relevant researches in knee OA served as particu-
larly useful references. The efficacy of HA would be dis-
cussed below in time order since the injected HAs were so
short-lived within the joints that the mechanisms of action
probably varied with time. It was reported that Hyalgan
(LMW HA) had a half-life of 17 hours in the joints, Hylan
G-F 20 (HMW HA) 8.8 days, and Durolane (UHMW HA)
around 1 month.>’® Therefore, the physical properties of
the injected HA might just partially affect the outcomes at
I-month follow-up, whereas the outcomes at 3- and
6-month follow-ups were solely the results of its subse-
quent reactions.

Before considerable degradation of the injected HA, it
directly changed the rheologic properties of the synovial
fluid, and its physiological concentration and MW were the
main determinants.* For concentration, it was expected that
higher HA concentration led to better viscoelasticity, but the
clinical effects could not be proved in our analysis due to lack
of relevant measurement in our included studies. On the other
hand, from the aspect of the MW, our meta-analysis showed
that the improvement in VAS at 1-month follow-up rose from
LMW, MMW, to HMW groups. However, we did not place a
high value on the direct effect by MW itself of the injected
HAs for the following 2 reasons. One is that the residence
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time of HAs in the joints was not long enough to provide a
sustained physical change. The other is that the HMW HA
group had the peaked improvement in VAS and Lequesne
index after 1 month-follow up, suggesting that the change
caused by physical properties of the injected HA was not the
most important mechanism of action. Besides, 2 randomized
control trials researching into the efficacy of Durolane
(UHMW HA) in knee OA also showed an improvement in
outcome from 2 to 6 weeks, further confirming our point of
view. 4041

After most of the injected HA was degraded, we could
see from our analysis that the superior efficacy in HMW
HA group remained at 6-month follow-up. It was thus rea-
sonable to take into account the possible subsequent bio-
logical reactions that HMW HA brought about, such as
endogenous HA synthesis by synovial fibroblast and
immunomodulary effects that impeded the progression of
early-stage OA.*** To better understand the different bio-
logical effects of HA with different MWs, further studies
were needed to shed light on the mechanisms contributing
to long-term effects of HMW HA.

Regarding the relevant experience in knee OA as valu-
able reference, we compared the results of our analysis with
those already studied in knee OA. Similar results were
reported by Rutjes et al?' and Altman et al.'” They both
showed an increasing pooled effect size in pain improve-
ment from lower MW (<1500 kDa) to higher MW HAs
(>3000 or 6000 kDa) over placebo, indicating that IA-HA
with larger MW was more effective than placebo.'>?!
Although a recent meta-analysis with level I evidence
revealed that there were no significant differences between
cross-linked hylan (HMW HA) and linear hyaluronic acid
(LMW or MMW HA) in the improvement of VAS and
Lequesne index, the results of the study may be blurred by
the variety of LMW and MMW HAs.* Compared with the
aforementioned 3 studies for knee OA with each including
at least 3,000 patients, our study for hip OA included only
614 patients; thus, the power of our study could not match
them. However, our study used a clearly defined MW clas-
sification of HA. Furthermore, we reported the clinical effi-
cacy of IA-HA for OA at 1, 3, and 6 months, demonstrating
the effects of HA over time within the first 6 months instead
of evaluating a chosen timepoint as the previous studies
did.'>?'% That is, our results provided stronger reasoning
for the relationship between varied efficacy of HAs and
their MWs.

Besides the efficacy of HA, adverse effects caused by
HA were also reviewed carefully. Systemic adverse effects
were rare (=0.6%), but the rate of local adverse reactions
ranged from 5% to 37.5% in our included studies.
Compared with the incidence of local adverse events in
knee OA (0.6%, 31/5241 in Rutjes et al.?'; flare-up at the
injection site 9.5%, 459/4846 in Altman et al.'?), it seemed
to be slightly higher in hip OA, which may be related to

difficulty in approaching the joint space of hip.'%!7:2146

Our study further showed that the rates of local adverse
events were comparable (8.2%-12.2%) among the groups
with different MWs except for UHMW HA group (37.5%).
In terms of the few available data for adverse effects in our
included studies, it was noteworthy that the results might
not be representative of the population. Despite the fact
that the linker (1,4-butanediol diglycidyl ether) used for
Durolane and Fermathron S (UHMW HAs) was a concern
for adverse effects in cosmetic use due to its causing
higher resistance to enzyme degradation, Durolane was
not found to induce more tissue responses or antibodies
specific to bacterial products than Hylan G-F 20 for visco-
supplementation in a mice model, and it was reported hav-
ing acceptable adverse effects (12%-22%) in the previous
studies treating knee OA.*"* Therefore, we thought that
the low rate of systemic adverse effects among all the
groups with different MWs was the mainstay of their
safety, but more data were needed to get a clear idea of the
difference in rate of local adverse effects among them.

Considering the efficacy and adverse effects clinically,
the aim of our study was to point out an optimal IA-HA
injection with high and long-lasting efficacy so that ideal
therapeutic effect and reduced injection times could be
simultaneously achieved, decreasing the times of approach-
ing the hip joint while injection and the risk of adverse
events. The results of our study showed that the HMW HA
group had the best performance in the improvement of out-
comes without obvious increased risk of adverse events,
HMW HA was therefore considered the most appropriate
choice of HA to treat hip OA.

There are several limitations in our analysis. First,
because our goal was to find studies that compared the
assessment under the posttreatment to baseline condi-
tions, we did not restrict the study design to randomized
controlled trials, and patient’s preference and/or bias for
treatment thus could not be avoided. Second, there was
some variance in patients’ OA severity and treatment
course (e.g., injection times) among the studies, which
may be important factors affecting the results. Third,
there were a few subgroups that included no more than 2
trials, and the sample size of some trials was no more
than 20, making our conclusions less convincing. Fourth,
we analyzed the effects of HA in hip OA up to 6 months,
but the effects in the long run could not be learned.
Finally, HA concentrations could affect the efficacy of
HA treatment for hip OA. However, this was not consid-
ered in our meta-analysis and may generate bias in our
results.

Conclusion

Overall, our study showed that HMW HA was a potentially
optimal choice for pain relief and functional improvement
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in the first 6 months of IA-HA treatment for hip OA, with-
out additional risk of adverse effects. Our finding suggested
that HAs could not be classified as a single group, and it
was necessary for guideline makers to consider this point.
The American Academy of Orthopaedic Surgeons currently
does not support the use of [A-HA in symptomatic hip OA
because no better performance over placebo in improving
symptoms was proved.>® We hoped that our study would be
helpful for recognizing the difference among HAs with dif-
ferent MWs, and HMW HA could be viewed as a potential
candidate for recommended conservative treatment. In
terms of several limitations in our study, further studies
with more comprehensive data and a higher level of evi-
dence for this topic are needed.
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