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INTRODUCTION

Osteoarthritis (OA) of the hip joint is a relatively common 
progressive degenerative joint disease. It involves the slow 
deterioration of the joint with a gradual increase in pain and 
loss of function and ability to perform the activities of daily 
living.1) In Japan, the major cause of hip OA is acetabular 
dysplasia.2) The onset of pain occurs in younger patients 
with dysplastic hips than in those with non-dysplastic hips.2) 
Younger patients tend to choose non-operative treatment ow-
ing to the limited durability of hip implants. In some younger 

patients, parenting, parental care, and work are prioritized, 
and conservative treatments are chosen rather than surgery. 
In such cases, non-operative treatment of younger patients 
aims to prolong the time to operative therapy.

For non-operative treatment, oral agents, physical 
therapy, and intra-articular injection (IA) are commonly 
used. Oral agents such as acetaminophen or non-steroidal 
anti-inflammatory drugs (NSAIDs) are useful for pain relief 
and improvement in daily activities. However, oral NSAIDs 
are not a satisfactory treatment because long-term use may 
cause adverse events and may accelerate the progression of 
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Objectives: We investigated the efficacy and safety of Hylan G-F 20 for the treatment of hip 
osteoarthritis in Japanese patients. Methods: Twenty-nine patients with hip osteoarthritis (OA) 
received Hylan G-F 20 injection into the hip. The visual analog scale of pain during gait (VAS-G), 
VAS of pain at rest, hip joint function evaluated by the Japanese Orthopaedic Association (JOA) 
score, health-related quality of life (HRQoL), and adverse events were evaluated before, imme-
diately after, and at 4, 8, and 12 weeks after injection. Patients were categorized according to the 
severity of OA (mild and severe OA groups) and dysplasia (dysplastic and non-dysplastic groups) 
and these groups were compared. Results: After the injection, VAS-G improved significantly 
for 12 weeks. VAS-G was lower (less pain) in the mild OA group than in the severe OA group at 
each time point. There were no differences in VAS-G between the dysplastic and non-dysplastic 
groups throughout the observation period. VAS-G improved significantly in the dysplastic group 
after the injection. The JOA score and HRQoL demonstrated the same tendency as VAS-G. Three 
patients experienced worsening of local pain immediately after the injection; however, the pain on 
the following day was less than that before the injection in all three hips. Conclusions: Hylan G-F 
20 injection into the hip joint was effective in reducing hip pain and can be used as a non-operative 
treatment option for hip OA in the Japanese population.
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hip joint disease.3) Physical therapy such as muscle exercise 
and stretching is effective in reducing pain and dysfunction 
in the short-term1); however, its long-term effect on prevent-
ing OA progression is unknown.

For IA therapy, local anesthetic drugs, corticosteroids, 
and hyaluronic acids (HA) are used. Local anesthetics are 
effective for a short duration only, and may be cytotoxic4); 
therefore, their use alone is questionable. IA of steroids may 
also provide short-term pain relief and reduce dysfunction; 
however, the long-term effects are unknown, and there is 
a concern about septic arthritis.5) Therefore, IA of steroids 
cannot be used repeatedly.

In OA joints, the rheological properties of the synovial 
fluid have deteriorated owing to a decrease in HA concentra-
tion and a reduction in the molecular weight of HA com-
pared with healthy joints.6) IA of HA (IA-HA) improves the 
rheological properties of the synovial fluid of the OA joint 
and restores its lubricating and shock-absorbing properties. 
IA-HA has been widely used for the treatment of knee OA. 
The strength of recommendation of IA-HA for OA knees 
in the Osteoarthritis Research Society International 2019 
guidelines was 60–74% (Level 2)7); in contrast, that in the 
Japanese guidelines was 87%.8) The American Academy of 
Orthopaedic Surgeons guidelines do not recommend the use 
of IA-HA to the knee.9) This inconsistency in the strength 
of recommendations among the international guidelines may 
result from differences in the indications in Japan and those 
in European countries and the United States.8) IA-HA for 
knee OA is applied only in advanced cases in Europe and 
the United States, whereas it is used from the early stages of 
disease in Japan, and therefore the effects obtained may be 
different in different countries.8)

For hip OA, several studies have reported that pain is re-
duced in the short-term by IA-HA, and function disability is 
improved.10–16) These reports are from Europe and the United 
States, because the use of HA for hip OA is not covered by 
insurance in Japan and is therefore rarely used. Hylan G-F 
20 is a cross-linked sodium hyaluronate with a high average 
molecular weight of 6 million Dalton.17) It has been used in IA 
for hip OA in Europe and the United States, but not in Japan, 
and, therefore, there are no data available in the literature on 
the clinical benefits of such viscosupplementation for hip OA 
in the Japanese population. Most Japanese OA patients have 
secondary OA resulting from hip dysplasia,2) and the type of 
OA is therefore different from that most commonly seen in 
Europe and the United States. As discussed above, different 
degrees of recommendation are given for IA-HA owing to 
differences in indications and/or characteristics of OA in dif-

ferent counties; therefore, it is necessary to provide evidence 
according to the indications applied in each country. We 
conducted a prospective case-series study to investigate the 
efficacy and safety of Hylan G-F 20 for the treatment of hip 
OA in Japanese patients.

MATERIALS AND METHODS

Thirty patients with hip OA were recruited for this study. 
The required sample size was calculated to be 20 by a priori 
power analysis for paired t-tests using parameters with an 
effect size of 0.67 (difference of average 10, standard devia-
tion 15), an alpha error of 0.05, and a beta error of 0.20. The 
inclusion criteria were: (1) patients diagnosed with OA of the 
hip joint by plain radiographs, (2) outpatients who can walk, 
(3) patients aged 20–84 years,2,18) and (4) patients who sub-
mitted the consent form for this study. The exclusion criteria 
were: (1) patients lacking the ability to agree or to express 
agreement appropriately for participation in this study; (2) 
pregnancy or the possibility of pregnancy; (3) patients breast-
feeding children; (4) patients with hypersensitivity to HA, 
avian protein, feathers, or eggs; (5) patients with stagnation 
of venous blood or lymph in lower limbs at the injection site; 
(6) patients with serious liver damage or a medical history 
of serious liver damage; (7) patients with skin disease or 
infection around the injection area; (8) patients with seri-
ous comorbidities (heart disorder, renal disease, malignant 
tumor, or compromised host such as immunodeficiency); and 
(9) patients judged unsuitable by the attending doctor. All 
patients provided written informed consent before inclusion.

Anteroposterior (AP) radiographs taken with the subject 
in the supine position and Lauenstein 1 radiographs of the 
hip joint were obtained. The radiographic severity of hip OA 
was classified into four stages (i.e., pre-OA and initial, ad-
vanced, and terminal stages) according to the guidelines of 
the Japanese Orthopaedic Association.18,19) We divided these 
severities into two groups, i.e., a mild OA group (pre and 
initial OA) and a severe OA group (advanced and terminal 
OA), which correspond to grades 0–2 and 3–4, respectively, 
of the Kellgren and Lawrence system for classification of 
OA. The center-edge angle (CE angle) was evaluated using 
AP radiographs of the hip.20) Hips with a CE angle less than 
20° were defined as dysplastic hips.

Single intra-articular preparation of 2 ml of Hylan G-F 20 
(Synvisc®; Sanofi K.K., Tokyo, Japan) was injected into each 
patient’s affected hip in an out-patient setting after confirma-
tion of the needle position using an air arthrogram21); arthro-
centesis was performed before the injection, when feasible. 
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After the injection, patients were allowed to resume normal 
activities and to continue any routine conservative therapies 
such as oral analgesics and physiotherapy. All patients were 
followed up at 4, 8, and 12 weeks after the injection. After 
completion of the 12-week evaluation, a second injection was 
performed if the patient requested it.

The primary endpoint was the severity of hip pain during 
gait (VAS-G) and at rest (VAS-R) evaluated at each visit by 
0–100 mm visual analog scale scores (0 and 100 represent 
“no pain” and “the worst pain imaginable,” respectively).22) 
Secondary endpoints were pain provocation test results for 
hip osteoarthritis (the number of patients with three or more 
positive signs on pain provocation tests), hip joint function 
evaluated using the Japanese Orthopaedic Association 
scoring system (JOA score),2,23) and health-related quality 
of life (HRQoL) evaluated using the EuroQol-5D (EQ-5D) 
questionnaire. Adverse events were recorded on the day of 
the injection and at each follow-up visit. If adverse events 
were suspected between visits, patients were advised to visit 
earlier or to consult by phone. The results at each time point 
after the injection were compared with those before the in-
jection. After the optional second injection, VAS, JOA score, 
and HRQoL were evaluated at 4, 8, and 12 weeks.

Four pain provocation tests24,25) for hip pathologies were 
applied to patients at each visit (before, immediately after, 
and at 4, 8, and 12 weeks after the injection). The flexion, 
abduction, and external rotation (FABER) test24) was 
performed by moving the hip joint in flexion, abduction, 
and external rotation with the knee flexed (figure-of-four 
position); the test was regarded as being positive if groin 
or buttock pain was evident. In the flexion, adduction, and 
internal rotation (FADIR) test,24) the hip joint was passively 
flexed, adducted, and internally rotated, and judged positive 
if groin or buttock pain resulted. The resistive straight leg 
raising (rSLR) test24) was conducted in the manner described 
below. The hip joint was actively flexed to approximately 30° 
with the knee extended and the subject in the supine posi-
tion; the examiner applied pressure on the lower extremity 
just above the knee toward the examination table. The result 
was regarded as positive if groin or buttock pain occurred. 
Tenderness at Scarpa’s triangle25) was also recorded. Patients 
were categorized into two groups: those with three or more 
positive pain provocation tests results and those with less 
than three.

The clinical score of the hip joints was assessed using the 
JOA score.22,23) The JOA scoring system is composed of 
four categories: pain (0–40 points), range of motion (ROM: 
flexion/extension and abduction/adduction [0–20 points]), 

walking ability (0–20 points), and activities of daily living 
(0–20 points). A total score of 100 indicates maximum hip 
function. Quality of life was assessed by the HRQoL score 
at each visit. All patients were interviewed using the EQ-5D 
questionnaire. The Japanese version of the HRQoL score 
was used and scores were calculated as described in the 
literature.26)

Changes in VAS scores and HRQoL scores during the 
study period were analyzed using repeated-measures 
analysis of variance (ANOVA). Before the ANOVA, the 
normal distribution of the data was confirmed using the Kol-
mogorov–Smirnov test, and the sphericity was checked using 
Mauchly’s test. The sphericity criteria were not fulfilled in 
all cases, and so the Huynh–Feldt correction was applied. To 
elucidate the influence of OA severity, ANOVA was also ap-
plied to compare the differences in VAS scores and HRQoL 
scores between the mild and severe OA groups. Similarly, 
the differences between dysplastic and non-dysplastic hip 
groups were analyzed using ANOVA. A paired t-test was 
applied for continuous variables to compare the averages 
pre- and post-injection. The number of patients positive on 
each pain provocation test and the number with a minimum 
of three positive signs of pain on provocation tests were ana-
lyzed using the McNemar method. The time courses of JOA 
scores were analyzed using the Wilcoxon rank-sum method. 
Comparisons of JOA scores between the mild and severe 
OA groups and between the dysplastic and non-dysplastic 
groups were performed using the Mann–Whitney method. 
All statistical analyses were performed with R using EZR (R 
commander with statistical functions added),27 and P <0.05 
was considered significant. The Bonferroni correction for 
multiple comparisons was utilized; P-values of VAS scores 
and pain provocation test results were quadrupled, and those 
of JOA scores and HRQoL scores were tripled.

This study was approved by the institutional review board 
and registered on the University Hospital Medical Informa-
tion Network Clinical Trials Registry (Registration number: 
UMIN000018000).

RESULTS

Among the 30 patients (3 men and 27 women) recruited, 
one female patient was excluded because of loss to follow-up 
after 4 weeks. Another female patient could not report to 
the hospital 12 weeks after the injection due to a high fever. 
The remaining 28 patients completed 12 weeks of follow-up. 
Thus, 29 cases were included in the analyses of data obtained 
pre-injection, immediately after, and at 4 and 8 weeks after 

Prog. Rehabil. Med. 2021; Vol.6, 20210038 3



Copyright © 2021 The Japanese Association of Rehabilitation Medicine

injection, and 28 cases were included for analyses of data 
obtained between pre-injection and 12 weeks after injection. 
Patient demographics for all 29 subjects are summarized in 
Table 1. In total, 8 hips had a diagnosis of primary osteo-
arthritis, 19 had dysplastic osteoarthritis, 1 had OA due to 
idiopathic osteonecrosis of the femoral head, and 1 had OA 
due to trauma. Nine hips were classified as initial stage OA, 
7 were in the advanced stage, and 13 were in the terminal 
stage. The radiographic severities of the non-injected sides 
were pre-osteoarthritis, 20; initial stage, 7; and advanced 
stage, 1. One hip on the non-injected side had previously 
undergone arthroplasty. The average age was higher in the 
severe OA group than in the mild OA group; however, the 
difference was not statistically significant. There was no sta-
tistical difference in sex, height, body weight, BMI, injection 
side, or CE angle between the mild and severe OA groups. 
When the demographics were analyzed in terms of the dys-
plastic and non-dysplastic groups, there was no statistical 
difference between the groups in any parameter other than 
the CE angle.

Changes in VAS-G after injection are summarized in 
Fig. 1 VAS-G improved after injection (P <0.001, ANOVA), 
suggesting that Hylan G-F 20 is effective in decreasing pain 
during gait. Pairwise analysis demonstrated that VAS-G 
decreased immediately after the injection and remained low 
during the observation period compared with that before 
injection.

Comparison of VAS-G scores between the mild and severe 
OA groups at each time point demonstrated that the pain 
score during gait was lower in the mild OA group than in the 
severe OA group; however, the difference was not statisti-
cally significant immediately after injection or at 8 weeks 
after injection. VAS-G improved after injection in both 
the mild (P=0.010) and severe OA groups (P <0.001), and 
there was no time × group interaction (P=0.341). A paired 
t-test also showed that VAS-G improved for the entire 12-
week follow-up period in both groups; however, statistical 
significance was not achieved immediately after or at 8 and 
12 weeks after injection in the mild OA group.

There was no difference in VAS-G between the dysplas-
tic and non-dysplastic groups at any time point. VAS-G 
improved after injection in the dysplastic group (P <0.001); 
however, statistical significance was not observed in the 
non-dysplastic group (P=0.077). There was no time × group 
interaction (P=0.603). A paired t-test also demonstrated that 
VAS-G improved throughout the 12-week follow-up period 
in both groups; however, statistical significance was not ob-
served immediately after or at 8 and 12 weeks after injection 
in the non-dysplastic group.

ANOVA showed that VAS-R improved significantly after 
injection, as illustrated in Fig. 2; however, pairwise analysis 
demonstrated that the effect wore off between 4 and 8 weeks 
post-injection.

There was no difference in VAS-R scores between the mild 
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Table 1. Patient demographics

All cases 
n=29

Mild OA 
n=9

Severe OA 
n=20

P-value1) CE <20° 
n=19

CE ≥20° 
n=10

P-value2)

Age/years 58.4 ± 10.9 
(37–79)

52.7 ± 12.0 
(37–68)

61.0 ± 9.6 
(45–79) 0.056 57.6 ± 10.6 

(37–77)
63.8 ± 10.0 

(43–79) 0.604

Male/Female 3/26 1/8 2/18 1.000 1/18 2/8 0.267

Height/cm 156.1 ± 5.9 
(142–171)

158.6 ± 3.4 
(154–164)

155.0 ± 6.5 
(142–171) 0.130 155.7 ± 5.8 

(142–166)
154.4 ± 3.6 
(150–160) 0.645

Body weight/kg 52.8 ± 5.4 
(40–66)

53.5 ± 3.3 
(49–57)

52.5 ± 6.2 
(40–60) 0.634 53.4 ± 6.2 

(40–66)
51.1 ± 2.9 
(49–56) 0.381

BMI/ kg/m2 21.7 ± 2.2 
(17.1–27.1)

21.3 ± 1.3 
(19.1–22.9)

21.9 ± 2.5 
(17.1–27.1) 0.512 22.0 ± 2.2 

(18.4–27.1)
21.5 ± 1.6 

(19.1−23.6) 0.258

Injection side 
Right/Left 18/11 6/3 12/8 1.000 11/8 7/3 0.694

CE angle/° 19.3 ± 15.1 
(−6.3 to 55.0)

22.6 ± 10.7 
(5.5−34.3)

17.8 ± 16.7 
(−6.3 to 55.0) 0.441 10.3 ± 6.8 

(−6.3 to 19.0)
36.4 ± 10.8 
(21.1−50.0) <0.001*

OA, osteoarthritis; CE, center-edge angle; BMI, body mass index.
Figures in parentheses are the range of each parameter.
1P-values calculated for comparison between the mild and severe OA groups.
2P-values calculated for comparison between patients with CE angle less than 20° (dysplastic hips) and more than 20°.
*Significant.
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and severe OA groups at any time point. ANOVA showed 
that VAS-R improved in the severe OA group but not in 
the mild OA group. There was no time × group interaction. 
Pairwise t-test demonstrated that improvement in pain at rest 

was limited to within 4 weeks after injection in both groups.
Comparison of VAS-R between the dysplastic and non-

dysplastic groups showed that there was no statistically sig-
nificant difference between the two groups at any time point. 
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Fig. 1. Changes in visual analog scale of pain during gait (VAS-G) after the injection of Hylan G-F 20. Statistical signifi-
cance was evaluated by ANOVA. (A) All cases and comparison between the mild and severe OA groups. ■, all cases (P 
<0.001); ▲, mild OA group (P=0.010); △, severe OA group (P <0.001). There was no time × group interaction (P=0.341). (B) 
Comparison between the dysplastic and non-dysplastic groups. ●, CE<20° (P <0.001); ○, CE≥20°(P =0.077). There was no 
time × group interaction (P=0.603). *Significant P value (P <0.05) calculated by paired t-test comparing the VAS-G at each 
time point with those at pre-injection with Bonferroni correction (quadrupled). †Significant P value (P <0.05) calculated by 
independent t-test between the two groups at each time point.

Fig. 2. Changes in visual analog scale of pain at rest (VAS-R) after the injection of Hylan G-F 20. Statistical significance 
was evaluated by ANOVA. (A) All cases and comparison between the mild and severe OA groups. ■, all cases (P <0.001); ▲, 
mild OA group (P=0.010); △, severe OA group (P <0.001). There was no time × group interaction (P=0.351). (B) Comparison 
between the dysplastic and non-dysplastic groups. ●, CE<20° (P <0.001); ○, CE≥20° (P=0.638). There was no time × group 
interaction (P=0.649). *Significant P value (P <0.05) calculated by paired t-test comparing the VAS-R at each time point with 
those at pre-injection with Bonferroni correction (quadrupled). Comparisons by independent t-test of the VAS-R between the 
mild and severe OA groups and between the dysplastic and non-dysplastic groups at each time point were not significant (P 
>0.05).
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VAS-R improved significantly after injection in the dysplas-
tic group, but not in the non-dysplastic group. There was no 
time × group interaction. Pairwise t-tests also showed that 
VAS-R improved within 4 weeks in the dysplastic groups. 
In the non-dysplastic group, improvement in VAS-R was not 
observed throughout the follow-up period.

Pain provocation tests were performed at each time point 
(Table 2). The number of patients positive for each pain 
provocation test decreased after the injection, but statistical 
significance was not observed from 8 weeks onward for the 
FABER test, from 4 weeks for the FADIR test, from 8 weeks 
for the rSLR test, and from 12 weeks for Scarpa’s triangle 
tenderness. The number of patients with a minimum of three 
positive signs on pain provocation tests remained signifi-
cantly low throughout the observation period (Table 3).

Hip function evaluated by the JOA score was enhanced 
throughout the observation period (Table 4). JOA scores at 
each time point were higher in the mild OA group than in 
the severe OA group. Both the mild and severe OA groups 
demonstrated improvement after the injection; however, 
the difference was not statistically significant throughout 
the observation period in the mild OA group. There was no 
difference in JOA scores at each time point between the dys-
plastic and non-dysplastic groups. The JOA score increased 
after the injection; however, a statistical difference was not 
observed after 8 weeks in the non-dysplastic group.

Changes in each item of the JOA score are summarized 
in Table 5. The JOA-pain and JOA-ROM scores remained 
significantly improved until 12 weeks and 8 weeks, respec-
tively. In contrast, there was no significant improvements in 
the JOA-gait and JOA-activities of daily life scores at any 
time point. These results indicate that the improvements in 
hip function mainly resulted from the improvement in pain 
and ROM.

ANOVA revealed that HRQoL improved after the injection 
for 12 weeks (Table 6). The HRQoL at each time point also 
improved after injection and significance was maintained for 
8 weeks.

Comparison of HRQoL between the mild and severe OA 
groups at each time point showed that HRQoL was signifi-
cantly higher in the mild OA group than in the severe OA 
group at 4 and 8 weeks after injection. The HRQoL improved 
significantly after injection in both the mild and severe OA 
groups, and there was no time × group interaction. Pairwise 
t-tests also showed that HRQoL was higher after injection; 
however, statistical significance was observed only at 4 
weeks after injection in the mild OA group and at 12 weeks 
after injection in the severe OA group.

There was no statistical difference in HRQoL between 
the dysplastic and non-dysplastic groups at any time point. 
HRQoL improved significantly after injection in the dysplas-
tic group; however, statistical significance was not observed 
in the non-dysplastic group. No time × group interaction 
was observed. The HRQoL at each time point after injection 
was higher than that before injection; however, statistical 
significance was observed only at 4 weeks after injection in 
the dysplastic group.

Eight patients requested a second injection. Among the 
other 21 participants, 4 patients had already tentatively 
scheduled THA before the study, 8 preferred THA over a 
second injection, and the pain in 6 had improved to the extent 
that they did not request either a second injection or THA. 
Evaluations of the effects of the second injection are summa-
rized in Table 7. No statistical improvement was observed 
in VAS-G, VAS-R, JOA, or HRQoL when comparing scores 
before and after the second injection. However, comparison 
of the scores before the first injection and at 12 weeks after 
the second injection showed that VAS-G and HRQoL re-
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Table 2. Number of patients with positive signs on each pain provocation test

FABER P-value FADIR P-value rSLR P-value Tenderness at 
Scarpa’s triangle

P-value

Pre-injection 26 − 24 − 21 − 25 −
Immediately after injection 9 <0.001* 12 0.006* 12 0.031* 10 0.001*
4 weeks 12 0.009* 16 0.173 10 0.022* 11 0.005*
8 weeks 18 0.173 18 0.456 14 0.182 15 0.037*
12 weeks 16 0.106 19 1.000 13 0.108 17 0.182
FABER, flexion, abduction, and external rotation; FADIR, flexion, adduction, and internal rotation; rSLR, resistive straight 

leg raising.
P-values were calculated using the McNemar method comparing the number of positive patients in the pain provocation test 

at each time period with that before injection.
*Significant.
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mained significantly improved.
There were no systemic adverse events or serious local 

complications such as hematoma, femoral nerve injury, or 
infection. No air embolism, which is related to air arthrogra-
phy, was observed. Three of the 29 hips showed the temporal 
worsening of local pain (from 53.3 to 62.0 in the average 
VAS-G score) immediately after the injection. However, 
the pain had improved within 24 h in all three cases, and 
the average VAS-G score of these three cases was 34.7 at 4 
weeks after the injection.

DISCUSSION

Our results demonstrated that injection of Hylan G-F 20 to 
the hip joint in OA patients reduced pain during gait and at 
rest and improved hip joint function and quality of life. The 
results of pain provocation tests also suggested that Hylan 
G-F 20 was effective in reducing hip pain induced by me-
chanical stress. These findings were consistent with previous 
results in non-Japanese populations,11,17,28,29) suggesting that 
injection to the hip joint is also an effective non-operative 
treatment for the Japanese population.

We evaluated the effect of dysplastic hips on the results be-
cause such hips are a more common cause of OA in the Japa-
nese population. There were no differences in VAS-G, JOA, 
or HRQoL scores between the dysplastic and non-dysplastic 
groups at any time point, which means that dysplasia did not 
affect the severity of symptoms. VAS-G and HRQoL were 
significantly improved after injection in both dysplastic and 
non-dysplastic groups; consequently, hip injection of Hylan 
G-F 20 is considered to be effective regardless of dysplasia 
of the hip joint.

VAS-G and HRQoL were significantly improved after 
injection in both the mild and severe OA groups; therefore, 
hip injection of Hylan G-F 20 was considered to be effective 
regardless of radiographic severity. The VAS-G score was 
lower and the JOA and HRQoL scores were higher after injec-
tion in the mild OA group; however, statistical significance 
did not last throughout the entire 12-week follow-up period. 
This may be because the pre-injection VAS-G was relatively 
low and the JOA and HRQoL scores were relatively high in 
this group, and the difference between before and after the 
injection may be relatively small, thereby diminishing statis-
tical significance. Moreover, the sample sizes after grouping 
were small, and this may also have affected the significance.

The results of the current study indicated that hip injection 
of Hylan G-F 20 improved hip pain, function, and quality of 
life for as long as 12 weeks. However, the half-life of Hylan 

G-F 20 in the knee is reportedly 8.8 days,30) and Hylan G-F 
20 persisted in only trace amounts microscopically for up 
to 28 days in superficial synovium and articular cartilage 
after injection to the knee of the goat.31) These facts cannot 
explain the length of the effect (12 weeks) after the injection 
obtained in the current study only by the mechanism of the 
lubricating and shock-absorbing properties of Hylan G-F 20. 
Biological effects of HA have also been reported to explain 
the long-lasting effects of HA-IA,32) and our results are con-
sistent with this hypothesis.

Improvements in VAS-G, VAS-R, JOA, and HRQoL 
scores were not statistically significant after the second 
injection. This may be because the condition of the hips 
before the second injection was already improved compared 
to that before the first injection. Pain during gait and quality 
of life at 12 weeks after the second injection was improved 
compared to that before the first injection, indicating that the 
second injection was able to maintain the effect of the first 
injection for an additional 12 weeks.

There were no severe adverse effects after Hylan G-F 20 
injection and only three minor adverse events (an increase 
in pain after injection). All these three cases showed im-
provement on the following day. The rate of minor adverse 
events (10.3%/patient, 8.1%/injection) was similar to or less 
than that described in previous reports (10.1–20.8%/patient, 
7.1–12.8%/injection15,17,33)). The rate of adverse events in 
patients using other hyaluronic acids was reported to be 
similar to that of Hylan G-F 20.34) It has also been reported 
that the rates of adverse events were similar between placebo 
and HA injection groups.15,35) No severe acute inflammatory 
reaction was observed after the injection in the current study. 
Acute local inflammatory reactions after injection of Hylan 
G-F 20 into the knee and the hip joint have been reported, 
and the possibility of a higher frequency in the hip than in 
the knee has been pointed out.10,29) It is suspected that chemi-
cally cross-linked HA molecules are the cause of arthritis36) 
or that the accumulation of HA results in sensitization37); 
nonetheless, there are reports that these reactions can oc-
cur after the first HA injection38) or after injection of HAs 
other than Hylan G-F 20, and the cause of this has not yet 
been clarified.39) Considering these reports, it is considered 
that Hylan G-F 20 can be used safely, but it must be used 
with caution because any acute inflammatory reaction may 
require differentiation from septic arthritis. Data from the 
national registry of Iceland indicate that the infection rate 
after hip injection is estimated to be 0.037%.40)

There are some limitations to this study. First, the sample 
size was relatively small. Furthermore, the effect of Hylan 
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G-F 20 beyond 12 weeks was not investigated. Therefore, 
future studies with a larger number of patients and a longer 
period of observation are necessary to confirm the current 
results. Another limitation is that, for ethical reasons, our 
study was not a randomized controlled trial with a placebo 
group. A meta-analysis of HA injection into the knee showed 
that the improvement of pain and function compared to the 
placebo group depended on the type of HA, and that Hylan 
G-F 20 did result in such improvements.41) Whereas most hip 

injection studies do not have a placebo group,10–15) there are 
three studies of hip injection that compare the HA group with 
a placebo group and show no difference between them.42) 
However, Brander et al. evaluated the effects of HA-IA using 
the Western Ontario McMaster Universities Osteoarthritis 
Index, in which the pain score is classified into five levels 
and subtle differences at the same level could be neglected.15) 
The other two studies compared pain using the VAS score; 
however, the HA used was of low molecular weight.35,42) 
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Table 3. Number of patients with less than three positive signs and three or more positive signs in pain provocation tests 
at each time point

<3 ≥3 P-value
Pre-injection 3 25 −
Immediately after injection 18 10 0.001*
4 weeks 21 7 <0.001*
8 weeks 17 11 0.002*
12 weeks 15 13 0.006*
P-values were calculated using the McNemar method with Bonferroni correction (quadrupled) comparing the number of 

positive pain provocation tests in each patient before injection and each time period after injection.
*Significant.

Table 4. Changes of JOA scores after the intra-articular injection

All cases 
n=29 

(P-value1))

Mild OA 
n=9 

(P-value1))

Severe OA 
n=20 

(P-value1))

P-value2) CE <20° 
n=19 

(P-value1))

CE ≥20° 
n=10 

(P-value1))

P-value2)

Pre-injection 66.2 ± 14.8 75.1 ± 17.7 62.3 ± 11.6 0.036* 65.3 ± 13.7 68.0 ± 17.2 0.597

4 weeks 74.7 ± 13.3 
(<0.001*)

81.2 ± 10.9 
(0.837)

71.8 ± 13.4 
(<0.001*) 0.053 73.9 ± 13.6 

(0.017*)
76.1 ± 13.2 

(0.041*) 0.597

8 weeks 74.8 ± 12.0 
(0.002*)

81.3 ± 10.2 
(1.000)

71.9 ± 11.8 
(0.002*) 0.032* 74.7 ± 12.2 

(0.009*)
75.0 ± 12.2 

(0.229) 0.963

12 weeks 71.8 ± 13.9 
(0.024*)

78.2 ± 12.8 
(1.000)

68.7 ± 13.6 
(0.008*) 0.133 71.5 ± 14.1 

(0.047*)
72.2 ± 14.2 

(0.468) 0.848

JOA, the Japanese Orthopaedic Association.
1Figures in parentheses are P-values calculated using the Wilcoxon rank-sum test comparing the values at each time period 

with that before injection. P-values were tripled according to the Bonferroni correction.
2P-values were calculated using the Mann–Whitney test comparing JOA scores between two groups at each time period.
* Significant.

Table 5. Changes of each item of JOA scores after the intra-articular injection

Pain P-value1) ROM P-value1) Gait P-value1) ADL P-value1)

Pre-injection 16.6 ± 9.4 – 16.1 ± 4.2 – 15.8 ± 3.9 – 17.5 ± 2.9 –
4 weeks 23.3 ± 8.7 0.004* 17.0 ± 3.3 0.030* 16.9 ± 2.2 0.206 18.1 ± 2.4 0.120
8 weeks 22.8 ± 8.8 0.007* 17.0 ± 3.3 0.016* 17.0 ± 2.1 0.327 17.9 ± 2.4 1.000
12 weeks 21.1 ± 9.5 0.014* 16.1 ± 4.1 1.000 16.1 ± 3.0 1.000 17.8 ± 2.5 1.000
ROM, range of motion; ADL, activities of daily life.
1P-values were calculated using the Wilcoxon rank-sum test comparing the values at each time period with that at pre-

injection.
*Significant.
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The half-life of low-molecular-weight HA in rabbit knees is 
reportedly 17–20 h, and it disappears completely within 3 
days.30,43) Consequently, these previous three studies do not 
necessarily refute the findings of the current study. Reports 
with placebo groups are still rare, and, therefore, future stud-
ies with a placebo group are desirable. In the present study, 
patients were allowed to continue using routine analgesic 

agents, and this fact could be another limitation. However, 
our patients were instructed not to change analgesics with 
regard to the type and dose in the 8 weeks before the injec-
tion. Therefore, we believe that the effect of hip injection 
was evaluated adequately. Uncertainty in the hip joint injec-
tion may also be considered a limitation. To minimize this 
limitation, we applied hip injections using an air arthrogram 
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Table 6. Health-related quality of life (HRQoL) scores at each time period

All cases 
n=29 

(P-value1))

Mild OA 
n=9 

(P-value1))

Severe OA 
n=20 

(P-value1))

P-value3) CE <20° 
n=19 

(P-value1))

CE ≥20° 
n=10 

(P-value1))

P-value3)

Pre-injection 0.58 ± 0.12 0.60 ± 0.12 0.57 ± 0.13 0.583 0.57 ± 0.14 0.58 ± 0.09 0.946

4 weeks 0.66 ± 0.10 
(0.002*)

0.72 ± 0.14 
(0.010*)

0.63 ± 0.06 
(0.089) 0.029* 0.67 ± 0.11 

(0.018*)
0.64 ± 0.13 

(0.144) 0.541

8 weeks 0.65 ± 0.11 
(0.019*)

0.71 ± 0.14 
(0.126)

0.62 ± 0.08 
(0.225) 0.040* 0.64 ± 0.09 

(0.168)
0.67 ± 0.14 

(0.186) 0.473

12 weeks 0.65 ± 0.14 
(0.106)

0.68 ± 0.15 
(0.234)

0.64 ± 0.13 
(0.046*) 0.398 0.63 ± 0.11 

(0.100)
0.69 ± 0.26 

(0.097) 0.277

P-value ANOVA2) <0.001* 0.030* 0.030* 0.006* 0.056
Test for Group × 
Time Interaction4) Severity; 0.512 Dysplasia; 0.309

ANOVA, analysis of variance.
1Numbers in parentheses are P-values, with Bonferroni correction (tripled), calculated by paired t-test comparing the VAS 

scores at each time period with those at pre-injection.
2P-values calculated using ANOVA with Huynh–Feldt correction comparing the VAS scores before and after injection.
3P-values were calculated by independent t-test between two groups at each time period.
4P value for the group × time interaction.
*Significant.

Table 7. Results of second injection

VAS-G1) VAS-R1) JOA2) HRQoL1)

Before first injection 49.0 ± 12.0 22.6 ± 9.7 74.3 ± 12.1 0.64 ± 0.10
Before second injection 39.7 ± 17.5 23.8 ±22.2 74.3 ± 6.5 0.67 ± 0.07

4 weeks 46.1 ± 27.8 
(1.000)

32.5 ± 22.1 
(1.000)

70.0 ± 18.7 
(1.000)

0.70 ± 0.22 
(1.000)

8 weeks 38.6 ± 14.6 
(1.000)

26.3 ± 14.7 
(1.000)

80.8 ± 4.7 
(0.278)

0.70 ± 0.15 
(1.000)

12 weeks 33.8 ± 0.14 
(1.000)

22.8 ± 18.8 
(1.000)

81.9± 11.1 
(0.176)

0.73 ± 0.18 
(0.735)

P-value ANOVA3) 0.653 0.560 – 0.352
P-value (before first injection to  
second 12 weeks) 0.032* 0.493 0.141 0.048*

HRQoL, health-related quality of life.
1P-values (shown in parentheses) were calculated by paired t-test with Bonferroni correction (tripled) comparing the values 

at each time period with that before the second injection.
2P-values (shown in parentheses) were calculated by Wilcoxon rank-sum test with Bonferroni correction (tripled) compar-

ing the JOA scores at each time period with those before the second injection.
3P-values calculated by ANOVA with Huynh–Feldt correction comparing the values before and after injection.
*Significant.
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method to confirm the needle position. In a previous study, 
air arthrograms were used to confirm the needle position 
in the hip joint,44) and the accuracy of the needle position 
confirmed using a contrast agent arthrogram was reported as 
100%.21) The adverse effects associated with contrast agents 
include pain, swelling, and an allergic reaction, including 
anaphylaxis. We used air arthrography to avoid these adverse 
events as well as any influence on the effect of HA.

In this study, Hylan G-F 20 injection to the hip joint was 
effective in reducing pain during gait and in improving hip 
joint function and quality of life for 12 weeks. After a second 
injection of Hylan G-F 20, the effects lasted for a minimum 
of a further 12 weeks. Consequently, Hylan G-F 20 can be 
used as a non-operative treatment for hip OA in the Japanese 
population. Further research with a larger comparative de-
sign is warranted.
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