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treatment, a change of −3.3 ± 0.3 cm for the H-HA group, 
−2.6 ± 0.3 cm for the L-HA group, and −2.4 ± 0.3 cm for 
the control group, with the H-HA group improving sig-
nificantly more than the control group (P = 0.029). No seri-
ous adverse events were reported. There was no difference 
between the groups in the incidence rates of adverse drug 
reactions.
Conclusion  The administration of five injections of high-
molecular-weight HA is an effective treatment with no seri-
ous adverse drug reactions and is a conservative treatment 
option for plantar fasciopathy. This treatment contributed to 
alleviation of pain in patients with plantar fasciopathy and 
improvement in their activities of daily living.
Level of evidence  I.

Abstract 
Purpose  Plantar fasciopathy is the most common cause of 
plantar heel pain and is considered to be a type of enthesop-
athy. The short-term efficacy, safety, and dose-response 
relationship of high-molecular-weight hyaluronic acid 
(HA) was investigated in patients with plantar fasciopathy.
Methods  In this multicenter, prospective, randomized, 
double-blind, placebo-controlled trial, 168 patients with 
persistent pain from plantar fasciopathy for more than 
12  weeks were randomly assigned to receive 2.5  mL of 
1% HA (H-HA), 0.8 mL of 1% HA (L-HA), or 2.5 mL of 
0.01% HA (control group) once a week for 5 weeks. The 
primary endpoint was improvement in visual analogue 
scale (VAS) score for pain from baseline to week 5.
Results  The VAS scores (least squares mean ± standard 
error) in each group decreased gradually after the start of 
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Introduction

The lifetime prevalence of heel pain in the general popula-
tion is as high as 10% [8, 32]. The most common cause of 
plantar heel pain is plantar fasciopathy, which is considered 
to be a type of enthesopathy. Plantar fasciopathy is also a 
common painful condition observed in athletes who par-
ticipate in running sports [4, 14, 18, 22, 29].

The aetiology of plantar fasciopathy is unclear, but 
obesity, prolonged standing, and reduced ankle dorsiflex-
ion have all been implicated in its onset [31]. Inferior heel 
pain is usually caused by degeneration of the subcalcaneal 
enthesis of the plantar fascia that occurs because of overuse 
and fails to heal. Current conservative treatments for plan-
tar fasciopathy include stretching exercises, night splints, 
shoe insoles, NSAIDs, and corticosteroid injections [2, 5, 
24, 30]. Although these conservative treatments are effec-
tive in approximately 90% of patients, complete resolution 
of pain often takes a long time, and drug treatments may 
be associated with adverse drug reactions [10]. For patients 
with severe heel pain, local corticosteroid injections pro-
vide only short-term relief [6, 7]. However, the repeated 
use of such treatments is not recommended owing to the 
risk of fatty tissue atrophy, tendon rupture, and infection 
[1].

Hyaluronic acid (HA) is used as a non-operative treat-
ment option for osteoarthritis of the knee and persistent 
shoulder pain [25, 33], and the efficacy and safety of HA 
injections for these conditions have been established by 
evidence-based studies. HA has also been reported to be 
effective in the treatment of plantar fasciopathy [11], as 
well as in the treatment of patellar tendinopathy and lateral 
epicondylitis [23, 27], which are thought to be enthesopa-
thies similar to plantar fasciopathy.

Although the mechanism by which HA acts on 
enthesopathies is unknown, HA has been reported to alle-
viate pain [36], inhibit cartilage degeneration [15], prevent 
tissue adhesion [39], and inhibit the growth of blood ves-
sels and sensory nerves [37]. Since plantar fasciopathy is a 
pathological condition that results from the degeneration of 
the fibrocartilaginous enthesis within the tendon/ligament 
insertion site [18, 3, 16], the major symptom is pain.

It was hypothesized in this study that HA would have 
an analgesic effect and alleviate symptoms in patients with 
plantar fasciopathy.

The objective of this study was to confirm the safety of 
HA and its efficacy in terms of improvement of pain after 
administering five doses of HA to outpatients with plantar 

fasciopathy, and whether this treatment leads to improve-
ment of activities of daily living (ADL). This is the first 
ever, double-blind study of HA for the treatment of plantar 
fasciopathy to evaluate the short-term efficacy, safety, and 
dose-response relationship.

Materials and methods

This was a prospective, double-blind, randomized con-
trolled trial performed at 29 study centers in Japan. 
Injections containing 25  mg of high-molecular-weight 
(2700  kDa) HA of non-animal origin (Suvenyl®; Chu-
gai Pharmaceutical Co., Ltd., Tokyo, Japan) in 2.5  mL 
(H-HA), 8 mg of HA in 0.8 mL (L-HA), or 0.25 mg of HA 
in 2.5 mL (control group) were used in this study. The dose 
for the high-dose group was set to 2.5 mL of 1% HA, and 
a very low dose of 2.5  mL of 0.01% HA was set for the 
control group, since an important characteristic of HA is its 
viscosity, and because it is possible to inject up to 2.5 mL 
of the drug solution into the target site [17].

Both patients and were masked to the assigned treat-
ment throughout the study follow-up. However, because 
the HA injections were distinguishable by the physicians 
who gave the injections, the patient assessments (includ-
ing assessment of local symptoms and ADLs) and safety 
assessments were done by different physicians blind to the 
study treatment. Physicians injected the drug solution in 
accordance with the procedure stipulated for this study, and 
patient blinding was ensured by blocking visual access to 
the injection procedure by having patients lie in a supine 
position. Eligible patients were randomly assigned to one 
of the three groups (random assignment 1:1:1) via a central 
enrolment center by use of permuted-block randomization 
(blocks of size 6). Patients received 5 weekly injections (1 
injection per week for 5 weeks) of the investigational drug 
without local anaesthetic. The patient lay supine with the 
knee flexed to 90°. The investigational drug was injected 
above the plantar fascia from the medial aspect to avoid 
pain (Fig.  1). Clinical evaluation was conducted before 
investigational drug injection at baseline and every week 
until week 5. Safety was assessed through physical exami-
nations and laboratory blood tests at baseline and every 
week until week 5.

Patients

Diagnosis of plantar fasciopathy depended on subcalca-
neal heel pain on standing for long periods or on walking, 
running, or starting to walk, with tenderness around the 
medial attachment site of the plantar fascia to the calca-
neus. Patients with pain due to nerve pressure or with dis-
orders such as tarsal tunnel syndrome, partial rupture of 
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muscle or tendon such as posterior tibial tendon dysfunc-
tion and reflex sympathetic atrophy, or plantar fibromato-
sis were excluded. To be eligible for enrolment, patients 
were to be ≥20 and <75 years of age, to have had symp-
toms of plantar fasciopathy for ≥12 weeks, and to have a 
visual analogue scale (VAS) score for their average pain 
over several days of ≥4  cm at enrolment. Patients were 
excluded if they had received local injections of HA, 
corticosteroids or anaesthetic, or had received corticos-
teroids (orally, rectally, or intravenously) within 2 weeks 
before study treatment; had received extracorporeal 
shockwave therapy within 12  weeks before study treat-
ment; or had previously received surgical treatment for 
the foot used in the study.

Concomitant therapies of local HA, corticosteroid, 
or anaesthetic injections, application of topical corticos-
teroids in the affected area, use of corticosteroids (orally, 
rectally, or intravenously), surgical procedures, extracor-
poreal shockwave therapy, and use of other investigational 
drugs were prohibited from 2 weeks before treatment with 
the investigational drug until the end of the study. The use 
of NSAIDs, physical therapy, and orthotic treatment was 
permitted from 1  week before treatment with the investi-
gational drug until the end of the study, provided the dos-
age and administration were not changed and treatment 
with any NSAID or therapy was not initiated. Patients 
were instructed to avoid changing activity during the study 
period. To assess changes in activity level, patients were 
asked to complete a standardized questionnaire in which 
the length of time patients spent on activities such as walk-
ing and running was monitored and evaluated according to 
a 5-step scale.

Outcome measures

The primary endpoint was an improvement in VAS score 
for pain from baseline to week 5 (final observation was 1 
week after the final injection). Patients were asked to rate 
their average pain over a period of several days from 0 (no 
pain) to 10 cm (most severe pain). Individual patient VAS 
scores were measured to the first decimal place, and results 
(means and standard error) were rounded to one decimal 
place for analysis and reporting.

Secondary endpoints were improvements in Roles and 
Maudsley score, ADLs, and local symptoms. The Roles 
and Maudsley score measures patients’ satisfaction. In this 
score, patients assessed their outcomes as excellent (no 
pain, full movement and full activity), good (occasional 
discomfort, full movement and full activity), fair (some 
discomfort after prolonged activity), or poor (pain-limiting 
activities). The ADLs and local symptoms were assessed 
by the evaluating physician as follows. The local symptoms 
of spontaneous pain, tenderness, provoked pain, first-step 
pain, and exercise pain were assessed using a 5-step scale: 
no pain, mild pain, moderate pain, severe pain, or intoler-
able pain. The ADLs of stair climbing, walking, and run-
ning were assessed using a 5-step scale: without difficulty, 
with some difficulty, with difficulty, with much difficulty, 
or unable to do.

Ethical approval

The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki and was approved 
by the institutional review boards at each center. A written 

Fig. 1   Method used to inject HA into loose, connective tissue at the 
point of attachment of the plantar fascia and the medial calcaneal 
tubercle. Dorsiflexion of the toes makes an outline of the plantar fas-
cia leading toward the point of tenderness. The point of tenderness at 
the attachment of the plantar fascia to the medial calcaneal (marked 
with a cross) generally lies on a vertical line distal to the posterior 

border of the medial malleolus (dotted line). The investigational drug 
was injected above the plantar fascia from the medial aspect, aiming 
at loose, connective tissue distally adjacent to the point of attachment 
of the plantar fascia to the medial calcaneal tubercle. HA was not 
injected into the substance of the tendon
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informed consent was obtained from each patient before 
enrolment. This study is registered with identifier number 
Japic-CTI 101090.

Please see the “Appendix” section for a full list of insti-
tutions at which this study was conducted together with the 
ID number of each IRB approval.

Statistical analysis

All analyses were modified intention-to-treat (ITT) anal-
yses performed using SAS version 8.2 (SAS Institute, 
Cary, NC, USA). The modified ITT population included 
all randomized patients who received an investigational 
drug and had at least one post-baseline assessment. For 
the primary efficacy analysis, analysis of covariance was 
used to compare the change in VAS scores from baseline 
to week 5 adjusted by the baseline VAS score between 
the HA groups (H-HA or L-HA) and the control group. 
A closed testing procedure was used to control for mul-
tiplicity. At first, the H-HA group and the control group 
were compared; if a significant difference was found 
(P < 0.05), then the L-HA group and the control group 
were compared. Missing values were imputed using the 
last observation carried forward. It was assumed from 
the results of an earlier pharmacological study [17] that 
the difference in mean change of VAS scores at week 5 
between the H-HA and control groups would be −1.5 cm 
with a standard deviation of 2.4 cm. Under these assump-
tions, 42 patients per group would be required to provide 
80% power with a two-sided 5% alpha using Student’s t 
test. To account for possible drop-out, allowance was 
made for at least 50 patients to be randomly assigned 

to each group. Sample size calculations were performed 
with nQuery Advisor 5.0 (Statsols, Cork, Ireland).

Results

A total of 168 patients was enrolled. Figure 2 represents 
the flow of participants during the study. The first patient 
was enrolled in April 2010 and the last patient com-
pleted treatment in December 2010. Of the 168 patients 
enrolled, 166 received at least 1 injection of the inves-
tigational drug and were included in the final analysis. 
The demographic characteristics at baseline are shown in 
Table 1. No noteworthy changes in activity levels, includ-
ing times spent walking and running, were observed dur-
ing the study period in any of the patients.

Primary efficacy endpoint

The VAS score in each group decreased gradually after 
initiation of treatment (Fig. 3). In the control group, the 
mean VAS score decreased from 6.7 ± 0.2 cm at baseline 
to 4.3 ± 0.3 cm at week 5. The improvement in VAS score 
from baseline to week 5 (primary endpoint) was signifi-
cantly greater in the H-HA group (−3.3 ± 0.3  cm) than 
in the control group (−2.4 ± 0.3 cm) (P = 0.029, Fig. 3). 
There was no significant difference between the improve-
ment in VAS score in the L-HA group (−2.6 ± 0.3  cm) 
and of that in the control group (n.s., Fig. 3).

2 discontinued

randomized
n=168

H-HA
n=58

L-HA
n=50

Control
n=60

1 withdrawal
before injection

1 withdrawal
before injection

Completed
n=57

Completed
n=48

Completed
n=57

1%HA 2.5mL
injection
n=58

1%HA 0.8mL
injection
n=49

0.01%HA 2.5mL
injection
n=59

1 discontinued 1 discontinued

Fig. 2   Distribution of study patients from enrolment to completion of the study. H-HA = group injected with 2.5 mL of 1% HA; L-HA = group 
injected with 0.8 mL of 1% HA; control = group injected with 2.5 mL of 0.01% HA
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Secondary efficacy endpoints

Each of the secondary endpoints, including Roles and 
Maudsley score, local symptoms, and ADLs, tended to 

improve in each group but showed no significant difference 
(Table 2; Fig. 4).

Safety evaluation

No serious adverse events were reported during the study 
period. Adverse drug reactions were reported in a total of 
13 patients (7.8%) and were generally mild or moderate 
in severity. There was no marked difference between any 
of the groups in the incidences of adverse drug reactions 
(Table 3). Most of the patients recovered from injection site 
pain within several days. No laboratory test abnormality 
was reported as an adverse event.

Discussion

The most important finding of the present study was 
that improvement in the VAS score for pain in patients 
with plantar fasciopathy was significantly greater in the 
H-HA group than in the control group. A dose-dependent 
improvement in pain was also observed, with more pro-
nounced improvement in the H-HA group as compared 
with the L-HA group. Secondary endpoints, including 
Roles and Maudsley score, local symptoms, and ADLs, 
were also improved in each group, with the H-HA group in 
particular tending to have more improved outcomes. Out-
comes were also improved by an injection of 0.01% HA 
(control group); therefore, the intervention of the injec-
tion itself may have potential to improve pain and ADLs. 
Considering all of these results together, 2.5  mL of 1% 

Table 1   Characteristics of patients at baseline

SD standard deviation, BMI body mass index, VAS Visual Analogue 
Scale (0–10 cm)

H-HA (n = 58) L-HA (n = 49) Control (n = 59)

Age, mean (range), 
years

50.4 (20–73) 52.0 (24–74) 54.1 (27–74)

Women, no. (%) 39 (67.2) 33 (67.3) 39 (66.1)
Height, 

mean ± SD, cm
161.2 ± 9.2 159.2 ± 9.0 160.9 ± 8.0

Weight, 
mean ± SD, kg

64.7 ± 13.2 62.3 ± 12.1 63.5 ± 10.7

BMI, mean ± SD, 
kg/m2

24.8 ± 4.1 24.5 ± 3.6 24.5 ± 3.4

Duration of symp-
toms, median 
(interquartile 
range), days

220.5
(161–422)

211.0
(118–466)

246.0
(137–409)

Disease reason, no. (%)
 Occupation 18 (31.0) 19 (38.8) 17 (28.8)
 Sport 14 (24.1) 13 (26.5) 10 (16.9)
 Other 26 (44.8) 17 (34.7) 32 (54.2)

Previous corticos-
teroid treatment 
within 6 weeks, 
no. (%)

0 1 (2.0) 3 (5.1)

VAS, mean ± SD, 
cm

6.6 ± 1.7 6.6 ± 1.9 6.7 ± 1.5

Fig. 3   VAS scores for pain 
across assessment points (least 
squares mean ± standard error). 
H-HA = group injected with 
2.5 mL of 1% HA (triangles); 
L-HA = group injected with 
0.8 mL of 1% HA (squares); 
Control = group injected with 
2.5 mL of 0.01% HA (dia-
monds). Analysis of covariance 
was used to compare the change 
in VAS scores from baseline to 
week 5 adjusted by the baseline 
VAS score. *P < 0.05 versus 
control group



	 Knee Surg Sports Traumatol Arthrosc

1 3

HA (H-HA) could be the optimal dose for treating plantar 
fasciopathy.

The efficacy and safety of HA for treating arthritic con-
ditions has been established, and HA is approved for that 
use in many countries. In this study, no serious adverse 
events were reported in any of the groups. The most com-
mon adverse drug reaction was injection site pain, and in 
this respect, there was no difference between any of the 
groups. The results of this study therefore suggest that mul-
tiple HA injections are safe for treating patients with plan-
tar fasciopathy (at least up to five injections).

The effect of HA in patients with enthesopathies has 
been examined previously. Higashiyama et  al. reported 
that HA injections for the treatment of plantar fasciopa-
thy ameliorated clinical symptoms in all patients, although 
there was no control group [38]. Muneta et al. reported that 

HA injected for the treatment of patellar tendinopathy was 
effective at relieving clinical symptoms [23]. Petrella et al. 
investigated the efficacy of two injections of HA or placebo 
in patients with lateral epicondylitis, and reported a signifi-
cant reduction in pain in the HA group as compared with 
the control group [22]. Administration of a single injection 
of HA to patients with lateral epicondylitis, patellar tendi-
nopathy, insertional Achilles tendinopathy, or plantar fasci-
itis was recently reported to result in similar improvements 
after injection, and no major safety problems were observed 
[17]. Therefore, several reports have shown that HA can be 
expected to be an effective treatment for enthesopathies.

Histopathologically, numerous small blood vessels and 
nerves are present in the loose, connective tissue close to 
the subcalcaneal enthesis of the plantar fascia, and degen-
erative changes in the fibrocartilage of the dorsal enthesis 
are characterized by the appearance of clusters of carti-
lage cells and longitudinal fissures [16]. Although the pre-
cise mechanism of action of HA on plantar fasciopathy 
is unclear, it was speculated that the mechanism involves 
HA’s analgesic effect, inhibition of cartilage degenera-
tion, and inhibition of blood vessel/sensory nerve growth. 

Table 2   Secondary efficacy endpoints

The number of patients who improved by two or more assessment 
levels from baseline to week 5

H-HA (n = 58) L-HA (n = 49) Control (n = 59)

Roles and Mauds-
ley score, no. (%)

13 (22.4) 6 (12.2) 9 (15.3)

Local symptoms, no. (%)
 Spontaneous pain 16 (27.6) 7 (14.3) 14 (23.7)
 Tenderness 25 (43.1) 13 (26.5) 18 (30.5)
 Provoked pain 14 (24.1) 9 (18.4) 11 (18.6)
 First-step pain 18 (31.0) 19 (38.8) 19 (32.2)
 Exercise pain 23 (39.7) 17 (34.7) 12 (20.3)

ADLs, no. (%)
 Walking 9 (15.5) 9 (18.4) 7 (11.9)
 Running 19 (32.8) 13 (26.5) 17 (28.8)
 Stair climbing 11 (19.0) 10 (20.4) 10 (16.9)

Fig. 4   Results of second-
ary endpoints. a Percentage 
of patients whose Roles and 
Maudsley score and ADLs 
improved by two or more 
assessment levels from baseline 
to week 5. b Percentage of 
patients whose local symp-
toms improved by two or more 
assessment levels from baseline 
to week 5. H-HA = group 
injected with 2.5 mL of 1% 
HA; L-HA = group injected 
with 0.8 mL of 1% HA; 
control = group injected with 
2.5 mL of 0.01% HA
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Table 3   Summary of adverse drug reactions

*Worsening of plantar fasciopathy. Values are the number (%) of 
patients

H-HA (n = 58) L-HA (n = 49) Control (n = 59)

Injection site pain 3 (5.2) 2 (4.1) 4 (6.8)
Injection site 

swelling
0 (0) 1 (2.0) 0 (0)

Peripheral edema 0 (0) 0 (0) 1 (1.7)
Plantar fasciitis* 0 (0) 1 (2.0) 0 (0)
Pain by manipula-

tion
1 (1.7) 0 (0) 0 (0)
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Therefore, attention was focused on the region around the 
enthesis, and HA was injected above the plantar fascia from 
the medial aspect, aiming at the loose, connective tissue.

As has been previously reported, subcalcaneal heel spurs 
are comparable to the peripheral osteophytes of articu-
lar cartilage found in patients with osteoarthritis, and the 
degenerative changes at the plantar fascia enthesis, such 
as cell clusters and longitudinal fissures, resemble those in 
osteoarthritic cartilage [16]. Taking these results together, 
plantar fasciopathy can be viewed as an osteoarthritis-like 
pathological condition. Therefore, since HA has shown 
effectiveness in the treatment of osteoarthritis of the knee, 
similar effectiveness in plantar fasciopathy is plausible.

Local anaesthetic was not used in this study because this 
may lead to bias as it is highly possible that an injection of 
local anaesthetic alone can lead to an improvement in the 
symptoms of plantar fasciopathy. In spite of this, the VAS 
scores for pain in the control group gradually decreased 
more than expected. The results of the control group are 
reasonable in that clinical evidence of a placebo effect has 
been reported in the treatment of osteoarthritis, especially 
for invasive routes of delivery [41]. However, it was sus-
pected that this may not be merely due to a placebo effect 
but also to the effects of factors such as the removal of 
adhesion and washing of the region around the enthesis.

The efficacy of the HA injections varied, and no effect or 
a worsening effect was occasionally observed in this study. 
It was considered possible that in these cases, HA was not 
delivered accurately to the correct region. An ultrasound-
guided technique would be helpful to solve the technical 
problem of accurately injecting into the region [26, 13].

There are many available treatment options for plantar 
fasciopathy, but there is currently no established stand-
ard treatment. Recently, the results of platelet-rich-plasma 
treatment and extracorporeal shockwave therapy have been 
reported for the treatment of plantar fasciopathy. However, 
platelet-rich-plasma treatment and extracorporeal shock-
wave therapy still remain controversial [22, 38, 20, 21, 
28, 35, 40]. When conservative treatment fails to relieve 
inferior heel pain, surgery may be considered. However, 
because of persistent pain associated with surgery, which 
occurs in up to a quarter of patients surgically treated for 
heel pain [4, 9], and the potential risks of complications 
including nerve injury in endoscopic release, patients, 
especially athletes, are often interested in treatment options 
other than surgery [12, 19, 34]. It is thus believed that HA 
injection, with its demonstrated efficacy and safety and 
its ease of use in routine medical practice, can become an 
alternative treatment for patients with plantar fasciopathy.

After simple administration of five doses of HA to out-
patients, it was confirmed that the H-HA dose in particular 
enabled a significant improvement in pain based on change 
in VAS scores, and it was demonstrated that HA possesses 

outstanding safety, and that Roles and Maudsley score, 
local symptoms, and ADLs scores were also improved. 
These results indicate that HA—with its simple administra-
tion method—has the potential to become a new alterna-
tive to corticosteroid therapy for routine clinical treatment 
before considering surgery and for improving ADLs in 
patients with plantar fasciopathy. HA treatment may allow 
patients with plantar fasciopathy to extend their time until 
surgery or to evade surgery altogether.

One limitation of this study was that the observation 
period was short. A longer term study of HA for the treat-
ment of plantar fasciopathy is warranted.

Conclusion

This study is the first ever, prospective, double-blind, ran-
domized controlled trial in which patients with plantar 
fasciopathy received up to five injections of HA. Injec-
tion of high-molecular-weight HA is an effective treatment 
for plantar fasciopathy without any serious adverse drug 
reactions.
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