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Abstract.
BACKGROUND: Tendinopathies are overuse tendon injuries showing load-dependant pain, stiffness, weakness of movement
in the affected area, and impairment in the movements. The scientific interest on the role of Hyaluronic Acid (HA) for the
management of tendinopathies has been increased due to its anti-inflammatory and lubricative properties.
OBJECTIVE: To collect evidence regarding the effectiveness and safety of HA injections in reducing pain in patients affected by
tendinopathies.
METHODS: A scientific literature search was conducted using the PubMed, Medline and PEDro electronic databases. The
databases were searched since their inception until July 2021. The search was limited to English language articles. Different
combinations of the terms and MeSH terms “tendinopathy”, “tendinosis”, “tendinitis”, “hyaluronic acid”, “hyaluronate”, “infiltra-
tion”, “hyaluronic injections”, “viscosupplementation” connected with various boolean operators were used for other electronic
databases.
RESULTS: One hundred and one records were identified from the selected databases plus three additional papers identified by
the authors through other sources. After removing duplicated papers and title/abstract screening, 19 studies were included in our
review (eight papers on shoulder, three on elbow, four on hand, one on knee, and three on ankle).
CONCLUSION: The results showed that none of the studies report severe adverse effects and most of them support the use of
HA injections in tendinopathies, with a special attention to pain reduction and functional assessment. Further studies are warranted
to better investigate effects and methods of administration of HA in tendinopathies.
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1. Introduction

Tendinopathies are tendon injuries due to overuse
showing load-dependant pain, stiffness, weakness of
movement in the affected area, and impairment in the
movements [1]. There is a dissociation between pain
and pathology in tendinopathy: tendons might appear

ISSN 1053-8127/$35.00 c© 2022 – IOS Press. All rights reserved.



950 F. Agostini et al. / Effects of hyaluronic acid injections on pain and functioning in patients affected by tendinopathies

normal at imaging but painful and, conversely, ten-
don degeneration can often be pain-free [1]. As sug-
gested by Maffulli et al. [2], the term tendinopathy can
be used as a general descriptor of the clinical condi-
tions arising from tendon overuse, independently from
histopathological damage. The term “tendinopathy”
should include different pathologies such as tendini-
tis, tendinosis, and para-tendinitis (which includes peri-
tendinitis, tenosynovitis and tenovaginitis) [2,3]. Fo-
cusing on different changes that may occur in tendon
structure in tendinopathies, it could be distinct: ten-
dinitis, inflammation and pathological changes of ten-
dons; tendinosis, non-inflammatory tendon degenera-
tion; peri-tendinitis, inflammation due to friction against
a surface during tendon movement; tenosynovitis and
tenovaginitis, single or double-layer inflammation of
tendon sheath [2,3]. Therefore, considering all these
different definitions, Maffulli et al. [2] suggested to use
the term “tendinopathy” as a general descriptor of all
these clinical conditions.

Treatment for tendinopathies should be individual-
ized on physical activity and main characteristics (train-
ing level, type of pain, timing of symptoms’ arousal)
of the subjects involved. Early rehabilitation, physi-
cal agent modalities (laser therapy, ultrasound ther-
apy, extracorporeal shock waves), non-steroidal anti-
inflammatory drugs (NSAIDs), corticosteroids, oxygen-
ozone therapy, and hyaluronic acid (HA) injections
are considered the main conservative treatments for
tendinopathies [4–7].

In this context, the scientific interest on the role of
HA for the management of tendinopathies has been
increased due to its anti-inflammatory and lubricative
properties [8,9]. HA is a polysaccharide present in ex-
tra cellular matrix of many tissues and several chronic
pathologies can modify HA concentration in synovial
fluid [10–12]. Balasz and Derlinger [13] firstly intro-
duced HA injections as therapy to reduce symptoms, to
improve biomechanical function and to promote heal-
ing in intra-articular injuries without relevant secondary
effects [13–15].

Although rapidly cleared from injected site, the role
of HA depends on multiple interactions with microen-
vironment: not only mechanical effects, but also inter-
action with cell transduction and homeostasis regula-
tion mechanisms. Several studies [15–17] have shown
the interactions between HA and CD44, a membrane
receptor capable of stimulating endogenous HA pro-
duction (function known as viscoinduction) and proba-
bly involved in tissue repair and healing mechanisms,
by counteracting also potential harmful mechanisms,

such as inflammatory cells chemotaxis, prostaglandin
E2 (PGE2) expression and free radicals’ production.
Further mechanisms contributing to anti-nociceptive ef-
fect are the inhibition of arachidonic acid release from
fibroblasts and the activation of opioid receptors [18].

However, to date, there is still no agreement in the
scientific literature on the effects of HA in treating
tendinopathies due to a lack of evidence. Injective ther-
apy is not new in this pathology and has often been
performed with corticosteroids: these are not free from
complications [19,20] and its efficacy seems to be lim-
ited on the long-term period. HA has been considered
as a new alternative approach due to the properties pre-
viously described, but no specific guidelines on the ar-
gument have been developed. Thus, the present narra-
tive review [21] explores the studies concerning the use
of HA injections in tendinopathies, with a particular
attention to the safety and the reported effectiveness,
collecting evidence of pain reduction and focusing on
what needs to be improved.

2. Methods

2.1. Search strategy

A scientific literature search was conducted using
the PubMed, Medline and PEDro electronic databases.
The databases were searched since their inception un-
til July 2021. The search was limited to English lan-
guage articles. Different combinations of the terms and
MeSH terms “tendinopathy”, “tendinosis”, “tendini-
tis”, “hyaluronic acid”, “hyaluronate”, “infiltration”,
“hyaluronic injections”, “viscosupplementation” con-
nected with various boolean operators were used for
other electronic databases. The analysis was performed
independently and synchronously by two researchers in
Physical and Rehabilitation Medicine (PRM). PRISMA
guidelines were followed to write this review [22].

2.2. Selection criteria

Two authors screened titles and abstracts of all papers
identified after duplicates removal for inclusion. Then,
if a consensus was not achieved, the disagreement was
resolved by consulting a further reviewer.

Papers consistent with the following parameters were
considered eligible according to the following PICO
model:

1. P) Participants: subjects affected by tendinopa-
thies;
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Fig. 1. Study flowchart.

2. I) Intervention: treatment with HA in single or
multiple treatment as main intervention;

3. C) Comparator: none
4. O) Outcomes: pain and disability.
This narrative review aimed to include papers with

the following study designs: randomised controlled tri-
als (RCTs), case-control studies, and cohort studies. On
the other hand, letter to authors, editorials, technical
notes, case reports, case series, case reports, in vitro
studies, animal studies and narrative reviews, system-
atic reviews and meta-analysis were excluded. Papers
involving animals, in a language other than English,
and without a PRM topic were excluded.

2.3. Data extraction and synthesis

Two researchers in PRM independently assessed and
extracted data from full-text documents into Excel. Any
disagreement between the two reviewers was solved by
collegial discussion among them. The following data
were extracted: 1) title; 2) authors; 3) publication year;
4) design; 5) characteristics of study participants (age,
sex, type of tendinopathy, previous interventions, time
from symptoms’ onset); 6) intervention; 7) outcomes;
8) timing of outcomes.

3. Results

Altogether, 101 records were identified from the se-

lected databases plus three additional papers identified
by the authors through other sources. After removing
duplicated papers, 73 studies were considered eligible
and screened for title and abstract. Forty-three studies
were excluded by title/abstract screening and 11 by full-
text screening. Finally, 19 studies were included in this
review for the qualitative synthesis; out of 19 articles,
there were different tendinopathies studies involved:
eight papers on shoulder, three on elbow, four on hand,
one on knee, and three on ankle.

3.1. Shoulder tendinopathies

Kim et al. [23] compared the effectiveness of HA
and corticosteroid injection in patients affected by sub-
acromial impingement. Outcomes on study were Vi-
sual Analogue Scale (VAS), Range of Motion (ROM),
American Shoulder and Elbow Surgeons standardized
assessment form (ASES) questionnaire and number of
patients who required rescue medication. They evalu-
ated these outcomes at baseline, three, six and 12 weeks.
They found that subacromial HA injection improves
functional outcomes and can reduce pain in a similar
or better way than corticosteroids, at least in the short
term.

Penning et al. [24] compared the effectiveness of
HA + lidocaine with triamcinolone + lidocaine and
placebo (NaCl 0.9%) + lidocaine subacromial injec-
tions in patients with subacromial impingement. Their
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outcomes of interest were pain reduction (valued at VAS
scale), and other functional outcomes, such as painful
arc, ROM, Constant shoulder score, patient-specific dis-
ability, shoulder disability questionnaire, shoulder pain
score, functional mobility test. They evaluated this out-
come at baseline, three, six, 12, 26 weeks, and found
that it was not possible to show convincing results of
HA injections in subacromial impingement. Corticos-
teroid seemed to be effective in short-term, and all the
treatments had similar long-term effects (placebo had
the best results).

Özgen et al. [25] compared the effect of Sodium
Hyaluronate with physical therapy (transcutaneous
electrical nerve stimulation TENS, ultrasound therapy
and hot pack) in patients diagnosed with supraspina-
tus tendinitis clinically and using Magnetic Resonance
Imaging (MRI). Since previous trials have shown its
positive effects, both groups added physical activity
as treatment: this consisted in exercise programs of
stretching and strengthening recommended to both
groups. They measured the effectiveness by assessing
ROM of the affected joint, pain severity with VAS scale
and functional assessment with the “Society of Ameri-
can Shoulder and Elbow Surgeons Rating Scale” ques-
tionnaire at baseline, 3rd week, 3rd month and 4th year
post-treatment. Despite the positive role played by ex-
ercise programs, since results in recovery in ROM and
pain relief is similar to other studies with no exercise as-
sociated, they conclude that both therapies had similar
short- and long-term effects.

Merolla et al. [26] compared the efficacy of HA sub-
acromial injections with physiotherapy in patient with
rotator cuff (RC) tendinopathy. Forty-eight (48) patients
were enrolled, randomized and splitted in two groups.
The primary valued outcome was reduction in VAS
of pain; the secondary outcomes were comparison of
Constant-Murley Score (CS), Oxford Shoulder Score
(OSS) and Patient Global Assessment (PGA) between
two groups. These outcomes were valued at two, four,
12 and 24 weeks. Pain assessment scores were statisti-
cally different at week four and 12, while at baseline,
week two, and at week 24 there was no statistical dif-
ference. Similar differences were found at functional
scores, with a CS and OSS score improvement at week
four and 12 in the HA group compared to physiotherapy
group.

Frizziero et al. [27] compared a three-week LWM-
HA injection therapy (one injection per week) with Ex-
tracorporeal Shockwaves (ESWT) therapy in patients
with painful non-calcific rotator cuff tendinopathy. Out-
comes of interest were pain level and function, assessed

with the Disability of Arm, Shoulder and Hand (DASH)
and Constant-Murley questionnaires at baseline, at the
end of first treatment and at third month follow-up.
They conclude that both therapies are effective until
three months follow-up.

Meloni et al. [28] compared the effectiveness of
Sodium Hyaluronate (SH) with Sodium Chloride in
patients with clinical, US and MRI diagnosis of
supraspinatus tendinosis. They evaluated changes in
ROM, VAS and degree of discomfort with a ten-level
scale, plus a follow-up ultrasound evaluation. They
found that SH had higher improvements of clinical
symptoms and functional parameters than SC.

Moghtaderi et al. [29] compared the effectiveness of
intralesional Sodium Hyaluronate (SH) with placebo
(0.9% saline solution) in patients with clinical and US
diagnosis of Rotator Cuff disease, who suffered of pain
(not responsive to conservative treatment) from at least
six months and were excluded for a complete tendon
tear. At the end of the treatment, there was a significant
decrease of VAS score meaning that subacromial injec-
tions of SH are effective in treating rotator cuff disease
without complete tears.

Mohebbi et al. [30] compared the effectiveness of a
single injection of high molecular weighted HA (HMW-
HA) versus low molecular HA (LMW-HA) in patients
diagnosed for rotator cuff tendinopathy at physical
exam and imaging. The primary outcome was pain, as-
sessed by VAS; secondary outcomes were the changes
in terms of shoulder’s ROM, DASH functional ques-
tionnaire and WHOQOL-Bref questionnaire of quality
of life (QoL). They found that there were not differ-
ences in efficacy between the two drugs, with benefits
on pain, ROM, QoL and reduction of disability: these
beneficial effects were higher in first three months, even
though partially present at six months.

3.2. Elbow tendinopathies

Bernetti et al. [31] compared the long-term effective-
ness of local corticosteroids injection versus a protocol
of one infiltration of local corticosteroid followed by
three infiltrations of low molecular weight HA in 11
patients practicing tennis as a hobby, who were diag-
nosed humeral epicondylitis. They found that the better
way of treatment was the combination of methylpred-
nisolone acetate 40 mh/ml with 0.8 ml lidocaine plus
injection of 1 ml of low HA ten days later and once a
week for two more times.

Tosun et al. [32] compared a single injection treat-
ment effectiveness of triamcinolone with the mixture
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HA + chondroitin sulfate (CS) in patients with lateral
epicondylitis. Pain and disability were evaluated with
the Patient-Rated Tennis Elbow Evaluation (PRTEE)
questionnaire at baseline, three months and six months
and clinical differences were evaluated with Minimun
Clinically Important Difference (MCID) instrument.
They found that pain reduction and functional improve-
ment were greater and longer in the HA + CS group
than triamcinolone group.

Apaydin et al. [33] evaluated pain reduction and func-
tion and grip strength in patients with lateral epicondy-
lalgia treated with single HA injection versus triple
dextrose prolotherapy (DPT). The pain was assessed
with VAS scale, function with quick Disabilities of the
Arm, Shoulder, Hand questionnaire (quick-DASH), and
hand grip strength test, through a dynamometer. All
outcomes were assessed at baseline, six and 12 weeks.
They found that DPT and HA were both capable to
improve pain, grip strength and function but DPT was
more effective over 12 weeks.

3.3. Hand tendinopathies

Orlandi et al. [34] analyzed pain reduction, functional
improvement and retinaculum thickness at baseline, one
month, three months and six months in patients with De
Quervain’s disease (DQD) treated with three different
injective therapies: single steroid injection, steroid in-
jection followed by a 15 days-delayed saline injection
and steroid injection followed by a 15 days-delayed
HA injection. Pain was evaluated with VAS, functional
improvement with quick-DASH questionnaire and reti-
naculum thickness with ultrasound evaluation. They
found that pain and functional improvement were statis-
tically different compared to baseline and these results
were better in the steroid + HA group at six month, and
so patient satisfaction. The authors conclude that HA
addition to ultrasound steroids injection may improve
outcome and reduce the recurrence of DQD.

Liu et al. [35] compared the effectiveness at baseline,
three week and three months of a single steroid injec-
tion with single HA injection in patients diagnosed for
trigger finger. The main outcome was the Quinnell trig-
ger finger disease severity score; other outcomes were
pain, valued with VAS scale, and function valued with
Michigan Hand Outcome Questionnaire (MHQ), total
activity motion (TAM) scale, and strength measured by
a dynamometer. They found that HA improved Quinell
score in a similar way as steroids. Regarding functional
improvement, they found that HA had more persistent
improvement at MHQ at three months than steroids,

whose functional effectiveness was similar to HA at
three-week follow-up.

Callegari et al. [36] compared the effectiveness of
a corticosteroid injections plus a ten days-delayed HA
injection with surgery in patients diagnosed for trig-
ger finger. They defined as “satisfactory” outcomes at
baseline, six weeks, three, six and 12 months. These
outcomes were: patients’ symptoms change assessed
with Quinnell-Green classification and then disability,
pain and satisfaction with other three different scales.
They found comparable satisfactory outcomes in corti-
costeroid + HA with surgery until six months, with a
difference at 12th month. Thus, they conclude that cor-
ticosteroid + HA may be a safe and effective treatment,
with some advantages like no need of physiotherapy or
costs, but with a higher risk of relapse.

Kanchanathepsak et al. [37] compared the effective-
ness of Low Molecular Weighted HA with Corticos-
teroid (CS) in trigger digit. Quinell grading, VAS score
of pain DASH score and complications were collected
at one, three and six months follow up. They concluded
that HA and CS have similar therapeutic effects in trig-
ger digit, despite higher CS’ results in early phase.

3.4. Knee tendinopathies

Muneta et al. [38] evaluated the effectiveness of a HA
injection in professional and semi-professional athlete
patients with patellar tendinopathy. All patients were
graded stage two or three by Blazina’s classification
(had pain during and after activity). They were stratified
in four clinical levels and injected differently due to this
stratification. They conclude that HA injection therapy
is optional but effective in athlete patients with patel-
lar tendinopathy and speculate that injection therapy
effectiveness may be different due to different disease
classification.

3.5. Ankle and foot tendinopathies

Lynen et al. [39] compared the safety and the efficacy
of two HA peri-tendinous injection with ESWT with
standardized parameters in patients with midportion
painful Achilles’ tendinopathy. Their primary outcome
was percentage changes in three months VAS compared
to baseline; secondary outcomes were intensity of clin-
ical parameters evaluated at five-point scale, Victorian
Institute of Sports Assessment Achilles questionnaire
(VISA-A) and a scale for patients’ and examiners’ im-
pression of beneficial effects. They found at four week,
three months and six months controls that HA had a
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higher impact than ESWT on pain and VISA-A. HA
was superior to ESWT also at clinical impact at three
months, although at three week and six months follow-
up results were comparable [34].

Gorelick et al. [40] reviewed 56 patients with in-
sertional Achilles Tendinopathy (AT), splitted in three
groups, treated with three different approaches: one
with corticosteroid injection, the second with single HA
injection and the third with rest, splint, NSAIDs, and
physiotherapy. Foot and Ankle Disability Index (FADI)
questionnaire and VAS pain score were used to assess
patients’ condition. After one year, patients treated by
a single HA injection compared with other treatments
showed better and more lasting results, according to
FADI and VAS scores.

Kumai et al. [41] treated patients affected by enthe-
sopathies (16 with lateral epicondylitis, 15 with patellar
tendinopathy, 15 with insertional Achilles’ tendinopa-
thy and 16 with plantar fasciitis) with a single injection
of 25 mg of high molecular weight HA (2700 kDa)
in the vicinity of tendon/ligament attachment site in
the affected area, without local anaesthetic. Their out-
comes were VAS pain scale. They found that HA may
be effective on pain reduction in enthesopathies.

Several studies [23,26,30,35,36,38,39] assessed the
safety of HA. No severe complications such as aggrava-
tion of symptoms or infections, hemarthrosis or synovi-
tis were reported in the selected studies; when present,
adverse events were often reported as induration [30],
dullness [38] or as a early-onset pain (immediately or
in a few days after the injection) solved with ice and
acetaminophen [32,33,36,37]. In one study, Kim [23]
reports that patients who underwent HA injections ex-
perienced musculoskeletal pain, nasopharyngitis, and
cough.

Adverse events were recorded in a special section in
two studies [24,39]: Lynen [39] reports transient mod-
erate tendon pain in one patient treated with HA injec-
tion; Penning [24] reports “mild adverse reactions” in
which are included: increase of pain after the injection,
headaches and a haematoma at the site of injection, not
specifying if related to HA or to the control groups.

No long-term complications clearly related to HA
injections are reported in the studies included. Although
the follow up period varies and, in many studies, it is
not over a few months, none of the studies suggest that
there might be major long-term complications related
to HA injections. For these reasons it might speculate
that HA injections are safe.

4. Discussion

Tendinopathies are multifactorial, common patholo-
gies that can affect both active and sedentary popula-
tion [42–45]. The role of the conservative treatment
of tendinopathies has been increasingly supported by
scientific evidence over the last years, and HA has been
showed to be an intriguing therapeutic option [42–48].

By the present narrative review, it is reported that
HA has positive impact not only in terms of pain reduc-
tion but also in improving functioning in patients with
tendinopathies.

Nevertheless, in scientific community there is no
unanimous consensus on this treatment, maybe due to
lack of standardization in the therapeutic process. Even
this narrative review pointed out that HA preparations
are different in the studies included, such as LMW
HA [31,37], sodium hyaluronate [25,28,29,40], average
molecular weight HA [23], or other types, with differ-
ent molecular weight and different dosages. There is
also not a unique way of administration, which could be
intra-articular [25], intralesional [28,29], or other type.
Moreover, there is also a high difference in number of
administrations (from single to three, or more) and tim-
ing of injections (most time weekly). In this context,
Osti et al. [49] suggested that differences in HA prepa-
rations were important on influencing cell activity in-
creasement, tendon cell apoptosis reduction, in a dose-
dependent and not molecular weight-dependent way, as
also supported in one of the included studies [30].

In almost all studies assessed [23,25–30,32–41],
comparing to baseline, HA has been demonstrated to
be effective on pain relief, although in some stud-
ies [24,33,35,37] the comparison had better results
than HA. All studies but three [27,32,38] analyzed
pain reduction with Visual Analogue Scale (VAS)
and found improvement in its values. Improvements
were also found in the scales used in the other three
studies: the Patient-Rated Tennis Elbow Tendinopathy
(PRTEE) [32], a questionnaire which measures pain
and disability of the forearm; the Roles and Maudsley
score [27,28], a score of subjective pain feeling and sat-
isfaction. Such studies evaluate pain relief, so they don’t
determine the role of the intervention in the healing
process.

In the study by Kanchanathepsak et al. [37], authors
conclude that HA injections in trigger digits have simi-
lar therapeutic effects than corticosteroids, which have
better results on the measured outcomes only in the
early phase. Corticosteroids, according to the European
guidelines for trigger digits are the standard treatment
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and seem to have a poorer prognosis in patients with
specific pathologies [50,51], so authors still promote
HA as alternative to corticosteroids. Similar conclu-
sions in Liu et al. [35]. In Penning et al. [24] diagno-
sis and injections have been performed with no ultra-
sound or other imaging guide: authors speculate that
this might be one of the reasons why placebo seems to
have better results than corticosteroids and HA injec-
tion for the treatment of shoulder impingement, with a
no statistically significative difference between treat-
ments. Ultrasound has been proven as a safe method to
improve the accuracy of site injection [52,53].

In the study by Apaydin et al. [33], prolotherapy has
been judged to be more effective than HA injections in
lateral epicondylalgia: authors believe that the absence
of ultrasound guidance might be a limitation of this
study. Moreover, the group treated with prolotherapy
underwent a triple injection with a solution contain-
ing a small part of lidocaine (compared to a single HA
injection without lidocaine): as shown by other stud-
ies [54–57] local anesthetic injection might have a role
in pain reduction.

Effects of HA on pain have been already specifically
analyzed in intra-articular injections in OA [58–61]
and confirmed to be effective on functional improve-
ment even in subjects suffering from tendinopathies, as
shown by this narrative review.

However, albeit effects of HA are still unknown in
patients with tendinopathies, the potential molecular ef-
fects might result in functional and kinematic improve-
ment, with walking pattern changes measured at instru-
mental gait analysis, as already reported by Paoloni et
al. [61] in OA patients.

Individual characteristics have been also hypothe-
sized to be important in the effectiveness of HA. In-
deed, Frizziero et al. [60] in a study on HA injection in
detraining-associated tendons’ damage, splitted tendon
rats by training levels and Gallorini et al. [17] suggested
that may be plausible to personalize the HA treatment
according to the patients’ characteristics.

This review is not free from limitations: first, it is
not possible to compare the effectiveness of HA among
different anatomical districts; second, there is a high
variability in terms of study design, control groups,
follow-up evaluations.

5. Conclusions

By the present review, we showed that none of the
studies report severe adverse effects and most of them

support the use of HA injections in tendinopathies
(alone or associated with other therapies), with a re-
ported effectiveness on pain reduction and functional
assessment. Nevertheless, there is a lack of scientific
evidence regarding the use of HA in the treatment of
the most common tendinopathies: especially, there is
no conformity on both the type of HA used, as well as
on the dose and the way of administration of it. Further
studies with a high sample size and a careful methodol-
ogy are warranted to better investigate effects and meth-
ods of administration of HA in tendinopathies, which
still seems to be a therapy with promising positive re-
sults.
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