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Viscosupplementation with hyaluronic acid is safe and effective in the management of osteoarthritis, but its use in the treatment of
tendon disorders has received less attention. The aim of this review is to summarize the current knowledge on this topic, evaluating
experimental and clinical trials. A search of English-language articles was performed using the key search terms “hyaluronic
acid” or “viscosupplementation” combined with “tendon,” “tendinopathy,“ “adhesions, or “gliding,“ independently. In quite all the
experimental studies, performed after surgical procedures for tendon injuries or in the treatment of chronic tendinopathies, using
different hyaluronic acid compounds, positive results (reduced formation of scars and granulation tissue after tendon repair, less
adhesions and gliding resistance, and improved tissue healing) were observed. In a limited number of cases, hyaluronic acid has been
employed in clinical practice. After flexor tendon surgery, a greater total active motion and fingers function, with an earlier return
to work and daily activities, were observed. Similarly, in patients suffering from elbow, patellar, and shoulder tendons disorders,
pain was reduced, and function improved. The positive effect of hyaluronic acid can be attributed to the anti-inflammatory activity,
enhanced cell proliferation, and collagen deposition, besides the lubricating action on the sliding surface of the tendon.

1. Introduction

Hyaluronic acid (HA) is an important component of articular
cartilage; it is present as a coat around chondrocytes, where
it bounds to aggrecan monomers, which imbibe water and
are responsible for the resilience of cartilage (i.e., resistance
to compression) [1]. Moreover, HA is a major component
of the synovial fluid, and, along with lubricin, it is one
of the fluid’s main lubricating components. The biological
activities of HA are very complex: (a) it inhibits matrix
metalloproteinases (MMPs) and the phagocytic activity of
macrophages and leukocytes; (b) it promotes the release
of prostaglandins and the production of tissue inhibitor of
MMP-1 and favours the normalization of native hyaluronan
synthesis; (c) it acts as free radicals scavenger and stimulates
proteoglycans synthesis by chondrocytes; (d) finally, it is
provided of protective effects on chondrocytes or cartilage
explants from degradation by enzymes [1].

Several clinical trials have shown that viscosupplementa-
tion therapy with HA is safe and effective in the management
of osteoarthritis (OA) resistant to conventional therapies
[2]. This treatment has been approved by Food and Drug
Administration for knee osteoarthritis, whereas for the other
joints there are very promising results but not conclusive
evidence.

Despite the positive results in OA, its use in the treatment
of tendon disorders has received less attention. Actually, HA
is actively secreted by the tendon sheath and, as for joints, it is
an important component of the synovial fluid, which allows
a smooth tendon gliding, and provides nutrition to tendon
itself [3]. Moreover, it is an important component of tendon
structure, being largely present in extracellular space.

The aim of this narrative review is to summarize the
current knowledge on this topic, evaluating experimental
data and clinical trials. A search of English-language articles
was performed in Pubmed, Web of Knowledge (WOK), and
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EMBASE using the key search terms “hyaluronic acid” or
“viscosupplementation” combined with “tendon,” “tendinop-
athy,” “adhesions,” or “gliding,” independently. Bibliographies
were hand-searched to include any applicable studies that
were not captured by our search.

Articles were eligible if they provided specific informa-
tion related to the correlation between hyaluronic acid and
tendon disorders.

2. Rationale

HA has been mostly used after a surgical procedure for
tendon injuries or in the treatment of chronic tendinopathies.

Flexor tendon injuries of the hand are common, especially
in the young and working-age population [4]. After surgical
repair, the finger motion can be dramatically impaired by
oedema, and later by excessive scar formation, and/or by
adhesions between the tendon and sheat or other tissues [5].
To limit these negative outcomes, a proper balance between
protection and mobilization is required. Indeed, especially
in Zone II, a region where the flexor digitorum profundus
and superficialis tendons reside within a fibroosseous pulley
system, immobilization is useful to allow tendon union but
often results in adhesions that impair the physiologic gliding
[4]. Postoperative protected mobilization, either active or
passive, is usually performed, but early motion may have
detrimental effects, contributing to gap formation or ten-
don rupture, while late mobilization may favour adhesions
[6].

In complicated injuries, primary repair of a flexor tendon
is often impossible. In these situations, tendon grafts, using
extrasynovial tendons (e.g., palmaris longus or plantaris),
are often used to reconstruct severely scarred or missing
tendons [7]. The extrasynovial grafts have the advantage
of being easily harvested, but the higher gliding resistance
compared with intrasynovial tendons, due to adhesion for-
mation, represents a main disadvantage on their use [8]. For
this reason, physical barriers and biological techniques have
been employed to reduce tendon adhesions without adversely
affecting the healing process [9, 10]. In this context, HA has
been considered as a useful therapeutic tool.

However, in a limited number of cases, HA has been also
employed in the treatment of tendinopathies [11-13]. HA is an
essential component of the tendon itself. It is well known that,
after experimental damage, tendon healing process proceeds
along a complex pathway beginning with inflammation and
cellular proliferation and followed by tissue formation and
maturation, with each phase lasting for days, weeks, and
months, respectively [14].

Briefly, in the damaged area, the injury molecular prod-
ucts stimulate an acute inflammatory reaction with the secre-
tion of cytokines, reactive oxygen species, cationic peptides,
or proteases. This phase is followed by cell proliferation,
collagen and matrix deposition, and tissue remodeling and
the final outcome is scar tissue formation, which can partially
restore tendon function. Indeed, the mechanical properties
are compromised for years, due to composition of the
extracellular matrix and its organization.
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Basic research has shown that the activity of hyaluroni-
dase 2 is increased in granulation tissue during the healing
of equine superficial digital flexor tendon injuries, suggesting
that HA plays a relevant role in controlling the healing process
in equine tendonitis [15].

3. Experimental Studies

Several studies have been performed to evaluate the efficacy
of HA on adhesions, gliding resistance, and tendon healing
[7-10, 16-21]. Different experimental models have been used:
animal species (dog, chicken, rabbit, rat, and horse), tendons
(intra- or extrasynovial; auto- or allograft), and procedures
of induced tendon damage (surgical, collagenase, or steroid
lesion). Moreover, a lot of HA compounds (low and high
molecular weight HA, cross-linked HA) have been studied in
the form of gel, membrane, or scaffold, administered intra-
and peritendinously, both in vitro and in vivo.

Quite all the authors have shown that HA reduces
the formation of scars and granulation tissue and prevents
adhesions after tendon repair. The efficacy seems in some
way dependent on the HA used. Indeed, the native HA has a
limited action because of a very short half-life and a too rapid
elimination to serve as a physical barrier between the tendon
and the sheath [3]. A slight superiority was found when
using the high molecular weight HA (Hylan G-F 20) which
has a longer half-life compared to low molecular weight HA
[7]. Indeed, in the experiments carried out by Kolodzinskyi
et al. [7] on the isolated canine peroneus longus (PL) the
gliding resistance of the tendon, treated with Hylan G-F 20,
decreased significantly compared to untreated controls.

Other authors have supposed that adhesions could be
reduced with more stable HA derivatives and HA could
be fixed to the tendon surface, and its removal could be
minimized [8-10, 19, 20]. Several HA derivatives have been
evaluated.

The carbodiimide-derivatized HA (cd-HA) is less soluble
in water than normal HA and therefore has an increased
tissue residence time [19, 20]. Preliminary experiments,
performed on intact tendon grafts in vitro, showed that
the preparation improved gliding and that the effect was
increased when gelatin was added [8]. Experiments were
therefore performed on isolated flexor digitorum profundus
tendons in dogs, submitted to dissection, followed by surgical
repair. These studies showed that, from the 50th mechanical
stress cycle onwards, the gliding resistance was significantly
lower in the cd-HA gel group than in the control group,
without any difference in the breaking strength nor in
tendon stiffness. These results were reported to an increased
residence time of HA on the tendon surface, favouring the
cross-linking of the HA mixture to tendon proteins [20].

Further studies were carried out by Zhao et al. [18],
who studied a compound, characterized by a cd-HA and
gelatin, added to lubricin, a mucinous glycoprotein present in
the peritendinous fluid. Flexor digitorum profundus tendons
from the 2nd and 5th digits of one forepaw of six dogs were
transected and repaired. One tendon in each paw was then
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treated with HA; the other repaired tendon was not treated.
Following tendon repair, a forearm cast was applied to fully
immobilize the operated forelimb. After 3 and 7 weeks, the
dogs were euthanized and the tendons were evaluated. The
adhesion formation was assessed in two regions, between
the tendon and the sheath and between the tendon and
the bone, using a semiquantitative scoring system (none,
mild, moderate, and severe). The normalized work of flexion,
the gliding resistance, and the maximum breaking force of
treated tendons were also recorded. In the HA-lubricin group,
the normalized work of flexion was significantly lower, as
well as the prevalence of severe adhesions. However, also
the maximum breaking force was reduced, suggesting that
the positive effects of the compound on adhesions were
counteracted by some impairment of tendon healing. The
hypothesis was that lubricin could enter the repair site,
blocking the adhesion of the healing tendon ends to each
other. The authors suggest that a gelatin patch, sealing the
tendon and carrying growth factors, could provide a better
protection of the lacerated tendon ends from lubricin leakage
and enhance the flexor tendon intrinsic healing [21].

Another HA-derived biomaterial is Seprafilm, a biore-
sorbable membrane composed of chemically modified HA
and carboxymethylcellulose [9]. This device, however, suffers
from several drawbacks, such as the short in vivo residence
time and the difficulty to handle when wrapping the tendon,
because the material loses its integrity. In contrast, the
Carbylan TM-SX (a new carboxylated and thiol-modified
HA-derivative) films are elastic, robust, and easy to handle
and can maintain their integrity during manipulation. This
preparation has been shown to be more effective in reduc-
ing the peritendinous adhesions, following partial thickness
injury in rabbits, compared to Seprafilm and Carbylan TM-
SX sprayable gel [10]. The favourable activity was attributed
to the inhibitory activity of thiol-modified HA on cell
attachment, spreading, and proliferation, with the compound
being negatively charged, hydrophilic, and lacking peptidic
epitopes that activate integrins.

The few studies, at present performed in humans in
human isolated tendons, confirming experimental research,
suggest that tendon surface treatment using HA (cd-HA or
added with lubricin) can reduce the excursion resistance in
the tendon-pulley unit in the intra- and extrasynovial ten-
dons, facilitating postoperative rehabilitation and improving
the clinical outcome [22, 23].

These studies, taken together, suggest that HA diminishes
the excursion resistance after tendon repair and can be
useful to prevent adhesion until the synovial surface is fully
developed.

Less experimental work has been performed to assess
whether HA can be effective in tendon healing [15, 17].
In Achilles tendonitis, induced by repeated injections of
corticosteroids in rats, the effects of Hylan G-F 20 were
investigated by means of histopathology [17]. For the tendon,
thickness, staining affinity, nuclear appearance, and fibrillar
appearance were taken into account, whereas, for paraten-
on fibrosis and oedema, capillary changes and inflamma-
tion were assessed, according to a semiquantitative scor-
ing system. Compared to controls, injected with saline,

Hylan-injected tendons and paratenons showed significantly
lower scores, especially after 75 days. These positive effects
were attributed mainly to the anti-inflammatory activity of
the agent, which inhibits, both in vitro and in vivo, the
leukocyte function (phagocytosis, adherence, and mitogen-
induced stimulation). Moreover, it was supposed that HA,
according to studies in chicken embryos and in endothelial
cell cultures, could inhibit vasculogenesis, explaining the
reduced vascular score at the calcaneal insertion [17].

The positive role of HA in tendon healing has been
confirmed by the effects of the Seprafilm antiadhesion mem-
brane, composed of sodium-hyaluronate plus glucosamine
HCIl-chondroitin sulfate [30]. In rabbits, submitted to ten-
don rupture and ensuing surgical repair, after 84 days, the
treatment significantly enhanced the maturation rate of the
tenoblasts, fibrillogenesis, the diameters of the collagen fib-
rils, and fibrillar density. These findings suggest that Seprafilm
antiadhesion membrane could be effective in restoring the
morphological properties of injured superficial digital flexor
tendon of rabbits and might be helpful for future clinical trial
studies in tendon ruptures.

4. Clinical Trials

Experimental evidence suggests that, in the clinical setting, it
may be possible to inject HA within the flexor sheath during
the postoperative period in patients at risk for adhesions or
with noteworthy oedema.

In a multicenter randomized controlled trial, Hyaloglide,
a thick and sticky gel which adheres to the surface of the
tendon, was applied after flexor tenolysis in Zone II following
failed flexor tendon repair [4]. 30, 60, 90, and 180 days
after surgery, patients in the study group, compared with
not treated controls, showed a greater total active motion
and finger function, with an earlier return to work and daily
activities. Noteworthy, Hyaloglide did not affect tendon and
wound healing and did not increase the complications rate.

Similarly, Ozgenel and Etéz [5] investigated the efficacy
of high molecular HA injections versus placebo (saline) on
functional outcomes after Zone II flexor tendon repair. Three
doses were given (one at the time of tenorrhaphy and two
at one-week intervals) around the tenorrhaphy site, and a
rehabilitation program was started on the 3rd postoperative
day. Range of motion (active and passive) and functional
outcome (Strickland classification) were assessed. In the short
term (3 weeks), no difference between the two groups was
observed; however, at 3 months and in the long term, a
significant increase in the total values of the passive and
active range of motion was present in fingers treated with
HA. Noteworthy, no adverse events (signs of inflammation
or tendon rupture) were seen in any cases.

Besides the prevention of adhesions after flexor tendons
repair, the therapeutic efficacy of HA has been evaluated in
other tendon diseases.

In an open-label randomized study, patients with trigger
finger were randomly divided into two groups: (1) HA plus
corticosteroid and (2) open surgical release [11].
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TaBLE I: Effects of HA in rotator cuff disorders.
Author (year) Disease Experlmeiltal Protocol Outcomes Follow-up Results
groups measures
Shibata LMW HA (27) 5 intra-articular injections
et al. (2001) FTT . . ) ROM, UCLA 6 months No difference
[24] Steroid (28) (1-week interval)
Meloni 5 injections over the superior .
etal. (2008)  Tendinosis Ll\ga\fi]nih(\zgg) tendon surface ROM, VAS 12 months BettHeZ re:;ﬁts mn
[25] (1-week interval) group
Costantino LMW HA (22) 3 intra-articular injections ROM, VAS, Pain reduction
et al. (2009) FTT No control . 6 months .
(1-week interval) Costant ROM improvement

[26] group
Chou et al. PTT LMW HA (25) 5 injections into SAD Better result in
(2010) [27] Tendinosis Saline (26) (1-week interval) VAS, Costant 33 months HA group
Ozgen et al HMW HA (12)° 3 intra-articular injections
(2012) 28] Tendinosis Physm(:li; )t{lerapy (-week interval) ROM, VAS  3-42 months No difference

i . No difference at
ZIZEO?;OB) Tendinosis LMW HA (25) ? ln)eCttl:rrllgoorf ifntr}flaeczuperlor VAS, Costant, 6 months week 2;

’ Rehab (23) ) Oxford HA better at weeks 4,

[29] (2-week interval) 12 and 24

FTT: full thickness tear.

PTT: partial thickness tear.

“n brackets the number of patients is reported.
“Home exercise programs were prescribed.
SAD: subacromial-deltoid bursa.

At 6 and 12 months, 93% of patients of the first group had
complete symptom resolution, compared to 73% submitted to
surgery.

In 50 athletic patients with patellar tendinopathy (stage
2 or 3 according to Blazina’s classification), a mixture of
25mg HA and 1mL of 1% lidocaine was injected blindly
at the proximal interface between the posterior surface of
the patellar tendon and the infrapatellar fat pad or into the
region of maximum tenderness [12]. A week after the first
injection, other injections were done on the patient’s request;
conservative treatments (exercises and instrumental thera-
pies) were also prescribed. An average of 2 injections/case
(range 1-11; total 135) was performed with 12-month (range
3-49 months) interval between injections. After treatment,
54% of patients were rated in excellent conditions (return to
previous athletic activities), while 40% in good conditions
complained of some degree of limitation. The open design
and the subjective evaluation methods used (no imaging) are
important limitations of this study.

Petrella et al. [13] determined the efficacy of periarticular
HA injections in patients suffering from tennis elbow. In
this prospective randomized clinical trial, 165 subjects with
chronic lateral epicondylosis received 2 blind injections of
1.2cc of HA (once a week) into the subcutaneous tissue
and muscle, from the lateral epicondyle toward the primary
point of pain. Saline solution was injected in the control
group (166 patients). Pain, both at rest and after grip testing,
was significantly reduced in the study group compared to
controls after 30, 90, and 365 days. The treatment was highly
satisfactory and resulted in earlier return to pain-free sport.

The experience of HA use in rotator cuft tendinopathies
is more consistent [24-29]. Patients with different rotator
cuff diseases (full or partial thickness tear, tendinosis) were
treated with HA injections and compared to placebo or
active treatments (steroids or physical therapies). The main
results of these trials are summarized in Table 1. A superior
therapeutic effect was observed in comparison to placebo, but
no significant difference was shown when steroids or physical
therapy was used as controls.

5. Conclusions

Experimental research and pivotal clinical trials suggest that
HA is effective in preventing adhesions after flexor tendons
surgery. Different preparations and procedures are at present
under study to define the best option.

Promising results have been also observed in the treat-
ment of tendinopathies. In general terms, the positive effect
relies on the anti-inflammatory activity of HA, enhanced cell
proliferation, and collagen deposition, besides the lubricating
action on the sliding surface of the tendon. However, it
must be underlined that in the majority of studies the drug
was not injected inside the degenerated tendon, but nearby
and/or into the articular space. It can be speculated that
the modifications of the synovial fluid can exert a positive
effect on the tendon itself, but it cannot be excluded that
the clinical improvement may secondary to the positive
action on osteoarthritis frequently associated.
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