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Abstract
Hyaluronic acid (HA) is a linear polysaccharide which occurs naturally as a constituent of synovial fluid. The HA concen-
tration in the joint decreases inexorably during the progression of knee osteoarthritis (OA) and so, for nearly five decades, 
HA has been trialled and used in the treatment of knee OA. There are strong data from clinical trials, meta-analyses 
and umbrella reviews to support the use of intra-articular hyaluronic acid (IAHA) in the treatment of patients with knee 
OA, though not in patients with acute, active OA experiencing a flare. The majority of the literature suggests that IAHA 
has a positive safety profile despite a few meta-analyses suggesting an increased risk of serious adverse effects. Further 
qualitative analysis integrating patient preferences for multi-modal and/or non-surgical management is required in order to 
further explore these findings. IAHA has been combined with a number of additional agents, including mannitol, sorbitol, 
chondroitin sulphate, tranexamic acid, polynucleotides and hybrid IAHA formulations. These show variable performance 
beyond the baseline effect of their constituents. It is crucial to consider the patient’s preference when considering treat-
ments for knee OA. Specific to IAHA, patients seek minimally invasive, lower-risk, and non-steroidal options with at least 
moderate efficacy and advantageous safety profiles.

Keypoints
	● Hyaluronic acid is a naturally occurring constituent of synovial fluid and there are strong studies supporting its use in the 

treatment of osteoarthritis (outside the context of disease flares).
	● The majority of literature supports a highly advantageous safety profile for hyaluronic acid in terms of adverse effect 

profile.
	● Intra-articular hyaluronic acid (IAHA) can be injected in combination with other agents; including mannitol, sorbitol, 

chondroitin sulphate, tranexamic acid, polynucleotides and hybrid IAHA formulations, which show potential efficacy 
beyond their constituents alone.
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Introduction

Osteoarthritis (OA) is a major public health challenge. 
Knee OA alone affects approximately 595 million individu-
als worldwide (Global burden of disease). This represents 
a 132% increase since 1990 (Global burden of disease) 
and the burden is expected to rise [1], with a 75% increase 
by 2050 [2]. At a population level this places a significant 
financial burden on health systems [3] and budgets, with the 
social cost of OA estimated at between 0.25% and 0.5% of 
Gross Domestic Product [4].

This is not just a condition with epidemiological and 
health economic burden, having substantial, detrimental 
effects on patients with pain and loss of mobility leading 
to a limitation of activities and restriction of participation. 
Although there is no effective cure, treatments have been 
developed and trialled in order to manage symptoms and, in 
some cases, aiming to modify the disease process and guide-
lines exist to navigate a multimodal approach to therapy [5].

Intra-articular hyaluronic acid (IAHA) has a rich litera-
ture, with a recent review of studies of knee OA treatment 
demonstrating that IAHA has been studied in nearly four 
times as many participants compared to corticosteroids 
(40,862 treated with IAHA vs. 11,245 treated with cortico-
steroids [6]). It has been considered as a treatment for OA 
since 1971 [7] with early studies in the equine field dem-
onstrating efficacy [8, 9] and human studies reporting in 
the 1980s [10, 11]. Since then it has been variably recom-
mended in international and domestic guidelines [12–14], 
though with some variation in approach and the time is ripe 
to reconsider the place of IAHA in the treatment of knee 
OA, considering patient preferences for avoidance of ste-
roids and surgery.

In January 2025, the European Society for the Clinical 
and Economic Aspects of Osteoporosis, Osteoarthritis, and 
Musculoskeletal Diseases (ESCEO) convened a working 
group consisting of patients, rheumatologists, orthopaedic 
surgeons, physicians in physical and rehabilitation medi-
cine, epidemiologists and researchers. The purpose of this 
working group was to consider the latest qualitative and 
quantitative evidence regarding the use of IAHA in the 
treatment of knee OA.

This review article will set the scene by describing the 
epidemiological burden of OA (particularly of the knee), 
before highlighting the concept of ‘The Window of Oppor-
tunity’ for identifying patients in an early phase of their dis-
ease, when reversibility may still be possible. A summary 
of the current landscape of recommendations (and the pro-
posed role of HA) will be followed by an exposition of the 
efficacy and safety of IAHA alone, and in combination with 
other agents. Finally, we will highlight the patient perspec-
tive of HA as an intra-articular therapy for knee OA.

Window of opportunity

The concept of a ‘window of opportunity’ is associated with 
a desire to identify individuals in pre-disease, or in an early 
stage of disease, when non-surgical intervention has the 
ability to change the course of a condition and, potentially, 
even reverse a disease trajectory. This concept is well-estab-
lished in some disease areas, with impaired glucose toler-
ance identified prior to the development of diabetes mellitus 
[15], with hypercholesterolaemia treated to improve cardio-
vascular risk [16], and with early inflammatory arthritis clin-
ics aiming to identify and treat patients with inflammatory 
arthritis prior to the development of long-term, irreversible 
structural damage and joint erosion [17].

In OA, the window of opportunity has been mooted as the 
period after clinical symptoms have developed, but before 
irreversible structural changes are observed on radiographs 
[18]. The rationale behind this is that once radiographic 
changes are apparent, joint homeostasis is lost, structural 
changes have occurred in consort with biochemical and 
inflammatory alterations, such that the patient’s trajectory 
to joint replacement is irreversible.

The aim, therefore, is to identify patients in this window, 
to allow their trajectory to be changed, their future quality 
of life improved and their morbidity reduced. In order to 
achieve this, an accepted definition of the ‘early OA’ which 
constitutes this window is required and efforts to achieve 
this are ongoing [19].

The guideline landscape

There are a large number of guidelines for the treatment of 
knee OA emanating from international and domestic societ-
ies. Within this body of recommendations (summarised in 
Table 1), there is variation in the extent to which IAHA is 
recommended for the treatment of knee OA and in some 
guidelines, there is a clear distinction between the primary 
and the secondary care settings.

In terms of international guidelines, these mostly con-
ditionally recommend the use of IAHA according to the 
patient’s phenotype and according to the clinical context 
(primary care versus secondary care). The 2019 updated 
guidelines from ESCEO weakly recommend the use of 
IAHA in the context of the failure or contraindication of 
non-steroidal anti-inflammatory drugs (NSAIDs) and in 
a second step after primary care [12]. The 2019 OARSI 
guidelines conditionally recommend IAHA for patients with 
comorbidities or after the failure of ‘core’ treatments (includ-
ing topical and oral NSAIDs) [14, 20], and both the EULAR 
2003 [13] and PANLAR 2016 [21] recommendations main-
tain a positive recommendation for the use of IAHA for 
symptomatic therapy. In all these international guidelines, 

1 3

  110   Page 2 of 12



Aging Clinical and Experimental Research          (2026) 38:110 

the use of IAHA is devoted to specialists involved in the 
care of musculoskeletal diseases including rheumatologists, 
orthopaedic surgeons, and physicians in physical and reha-
bilitation medicine.

The most regularly cited domestic guidelines for knee 
OA are from the US, with the ACR 2019 guidelines condi-
tionally recommending against it and the Veteran’s Associa-
tion 2020 guidelines weakly recommending for the use of 
IAHA in the treatment of knee OA [22, 23]. Australian Gen-
eral Practitioner guidelines do not support the use of intra-
articular injections for OA in primary care due to the health 
economic implications to Medicare in the context of pri-
mary care [24, 25]. The UK National Institute of Health and 
Care Excellence (NICE) guidelines also recommend against 
the use of IAHA in primary care [26]. German recommen-
dations advocate the use of IAHA as a third line pharma-
cological agent, after topical NSAIDs and oral NSAIDs 
[27]. French rheumatology guidelines [28] recommend that 
IAHA ‘should be proposed’ in cases of symptomatic knee 

OA with ‘no or minimal joint effusion’, a sentiment echoed 
in Malaysian guidelines recommending the use of IAHA as 
an ‘advanced pharmacological’ intervention for knee joints 
with ‘no effusion’ [29], demonstrating a similar approach 
in European and Asian populations. Italian rheumatology 
recommendations acknowledge the possible symptom-
atic benefits of IAHA ‘of different molecular weight’ and 
reduced use of NSAIDs are acknowledged [30], with Italian 
orthopaedic recommendations suggest ‘considering’ the use 
of IAHA for chronic knee OA ‘in the absence of active acute 
disease’ [31].

This summary serves to demonstrate that all the guide-
lines dedicated to musculoskeletal specialists recommend 
the use of IAHA for the treatment of knee OA, after trial-
ling NSAIDs and with (at most) a minimal joint effusion to 
exclude acute flares. On the other hand, in the context of 
primary care, all the guidelines recommend against the use 
of IAHA [32, 33].

Table 1  A summary of the international and national guidelines on the use of hyaluronic acid in the treatment of knee osteoarthritis
Guideline Year Recommendation regarding Hyaluronic Acid in Knee OA
European Alliance of Associations 
for Rheumatology (EULAR)

2003 Recommendation is made for IAHA in the context of symptomatic slow-acting drugs for 
osteoarthritis (SYSADOAs) saying they “have symptomatic effects and may modify structure”

American College of Rheumatology 
(ACR)

2019 “Intraarticular hyaluronic acid injections are conditionally recommended against in patients 
with knee…OA”

Veteran Affairs/ Dept of Defence 2020 “Weak recommendation for the use in knee OA”
Osteoarthritis Research Society 
International (OARSI)

2019 Level 2, conditional recommendation for patients with comorbidities or after failure of core 
treatments

European Society for Clinical and 
Economic Aspects of Osteoporosis, 
Osteoarthritis and Musculoskeletal 
Diseases (ESCEO)

2019 “The ESCEO working group affords a weak recommendation to the use of IAHA in patients 
who have contraindications to NSAIDs, or if the patient is still symptomatic despite the use of 
NSAIDs”

National Institute of Health and Care 
Excellence (NICE, UK)

2014 “Do not offer intra-articular hyaluronan injections for the management of osteoarthritis”

American Academy of Orthopaedic 
Surgeons (AAOS)

2022 Moderate recommendation not for routine use

Arthroscopy Association of Canada 2019 “Intra-articular injections of high-molecular-weight (HMW) IAHA provide improved pain 
relief and the restoration of function compared with placebo and can be considered in patients 
with mild to moderate knee OA. Strength of recommendation: Good – A”

Royal Australian College of General 
Practitioners (RACGP)

2015–
2018

Recommends against IAHA injections in this primary care context, primarily due to cost (not 
covered by Medicare)

Société Française de Rhumatologie 
(SFR)

2020 Recommends IAHA independent of molecular weight or number of injections

Società Italiana di Reumatologia 
(SIR)

2019 “Intra-articular injection of hyaluronic acid of different molecular weights may give symptom-
atic benefit with low toxicity and could help to reduce the NSAID use”

Società Italiana di Ortopedia e Trau-
matologia (SIOT)

2023 Recommends IAHA in chronic disease cases, not for acute, active disease

Pan-American League of Associa-
tions for Rheumatology (PANLAR)

2016 “Intra-articular injection of hyaluronic acid of different molecular weights has proven to be 
beneficial in the treatment of knee OA”

Turkish League Against Rheumatism 
(TLAR)

2018 “Patients with moderate–severe symptoms, functional capacity of either normal or minimally 
limited and/or radiologic grade of 2–3 may be treated with NSAIDs in case of response to 
acetaminophen is absent or insufficient. These patients may be treated with intraarticular hyal-
uronic acid even though the evidence about its efficiency is uncertain.” Ia

Malaysian Delphi Consensus 2021 Recommends IAHA for advanced pharmacological therapy (following background treatment 
of SYSADOAs and topical NSAIDs with paracetamol if necessary) in “knee without effusion”

German Guidelines 2018 Recommends IAHA after topical and oral NSAIDs if inadequate response to therapy
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or anti-inflammatory but direct modifying effects on carti-
lage quality and chondrocyte metabolism. This symptomatic 
benefit may not be directly caused by effects on cartilage, 
as demonstrated in the example of sprifermin, which has 
positive effects on cartilage but no discernible effect on 
symptoms after 2 years [39]. Micro-indentation studies in a 
rat model have demonstrated substantial IAHA penetration 
into the cartilage which persists after joint washout with sig-
nificant improvements in the Young’s modulus [40]. These 
demonstrated effects are physicochemical, rather than medi-
ated via cellular modification (as there were no cells present 
in the cartilage model) and may help to explain why the 
effects of IAHA persist for months after injection and why 
there is potentially less benefit in those patients with no (or 
very little) cartilage. It may be that these physicochemical 
effects operate in consort with influences on chondrocyte 
phenotype, manifested via alterations in matrix quality [41].

Other joints

Of course, IAHA is used in other joints for the treatment of 
OA. The strongest evidence (beyond the knee literature) is 
for the use in base of thumb OA [42] (with recommenda-
tion for particularly small volumes of 0.4-0.7 ml and as few 
injections as possible), with emerging literature for usage at 
the hip [43–46] and shoulder [47, 48] and limited evidence 
at the ankle [49] and temporomandibular joint. In these 
other joints, the efficacy of IAHA often surpasses cortico-
steroid injection in medium term outcomes and it appears 
to be well tolerated. One particular nuance to consider when 
using IAHA in the hip (and other joints) is to ensure that 
injections are completed not less than 3–6 months prior 
to total hip replacement due to the risk of infection [50]. 
Beyond the knee, there is a general necessity for high-qual-
ity, large-scale RCTs with standardized protocols which will 
be essential to validate findings across all joint types.

Predicting response to hyaluronic acid

IAHA should not be considered a treatment by default, but 
as an active and forward step in the multimodal manage-
ment of knee OA. The EUROVISCO group has performed 
important work in attempting to identify demographic and 
clinical factors which are predictive of response [32, 33].

Those factors associated with a potentially less pro-
nounced response include older patients (over 70 years), 
obese individuals and those with more advanced (severe 
radiographic) OA. There may be less effect in those with 
particularly patellofemoral knee OA or those with effusions 
(as identified in the above guidelines) [32, 33].

Recent recommendations from EUROVISCO include 
recommendations for considering IAHA for the treatment 

Efficacy

Symptomatic efficacy

The effect of IAHA on clinical symptoms has been exten-
sively studied through clinical trials and meta-analysis 
reporting variable results elicited from both the original 
studies and analyses based on secondary synthesis.

A 2025 umbrella review (systematic review of systematic 
reviews) examined 22 systematic review articles, rating 4 
with high quality, 1 with moderate quality, 3 with low qual-
ity and 14 with critically low quality using the AMSTAR-2 
(Assessing the Methodological Quality of Systematic 
Reviews-2) criteria. Significant beneficial effects of IAHA 
were noted in 20 of the 22 reviews, including all of the high 
and moderate quality reviews (k = 5). However, there was a 
clear discrepancy between the reported beneficial outcome 
data and the conclusions of the authors, which were negative 
in 3 of the high/moderate quality reviews. For example, the 
effect size of -0.37 SD, corresponding to a 0.9 cm change on 
a 10 cm Visual Analogue Scale (VAS), was pre-specified in 
one review. This review was based on a 2010 review [34] 
that drew on 4 previous papers in OA published between 
1999 and 2004, with IAHA achieving this moderate reduc-
tion in pain (-0.37, 95% CI -0.46, -0.28), and yet the con-
clusion was that ‘viscosupplementation’ had no effect [35]. 
When examining the reasons for these negative conclusions, 
it seemed to be due, in the main, to post-hoc analyses which 
were performed after the main review analysis, restricted to 
large studies (with ≥ 100 participants in each arm) resulting 
in a less than clinically significant effect [35, 36]. Exclu-
sion of small studies risks excluding well-performed and 
high-quality literature, simply on the basis of size which 
is not in keeping with the aims of systematic review and 
meta-analysis.

For trials of intra-articular interventions in general, there 
are additional issues which may affect the ability to dem-
onstrate clinical efficacy. The common use of saline as a 
placebo in intra-articular injection studies does not fulfil the 
requirements of a placebo intervention due to substantial 
effects on hydrostatic forces within the joint and the dilution 
of inflammatory cytokines in synovial fluid [37]. Addition-
ally, the effect of a placebo on an outcome measure such as 
pain should be viewed in light of the effect size of widely 
accepted treatments such as paracetamol and NSAIDs.

Structural efficacy

Injected HA is detectable in synovial fluid for up to 7 days 
after administration, and yet the symptomatic benefits are 
observed more than 6 months post-injection [38]. This sug-
gests that the effects within the joint are not only rheological 
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However, some meta-analyses have suggested an asso-
ciation with SAEs. A meta-analysis of 14 trials (n = 3667 
patients) reported an increased risk of SAEs (relative risk 
(RR) 1.41, 95% CI 1.02–1.97), though this was only based 
on 8 of the 14 trials [35]. It is worth noting that these ‘SAEs’ 
were later described as ‘most frequent disorders’ with 2 gas-
trointestinal events occurring in IAHA patients (compared 
to 8 events in controls), 5 cardiovascular systems events 
in IAHA patients (vs. 2 in controls), 6 cancer events (vs 
0 in controls) and 4 musculoskeletal system events (vs 2 
in controls) [35]. No hypothesis for causality is proposed. 
An update of this meta-analysis found similarly (SAE odds 
ratio (OR) 1.86, 95% CI 1.16 –3.03) [57].

A key element which is lacking from these meta-analyses 
is a qualitative approach to understanding the SAEs and a 
robust exposition of potential causative influence of IAHA. 
Unless clear causation is demonstrated, the current status 
quo should be accepted and the majority of the evidence 
points towards a beneficial safety profile of IAHA in the 
treatment of knee OA [58].

Combination therapy

There is an established and growing literature regarding the 
combining of IAHA with corticosteroids, polyols, chondroi-
tin sulphate and other agents.

Corticosteroids

Both corticosteroids and IAHA have anti-inflammatory 
actions when administered intra-articularly and there is 
evidence from pre-clinical studies to support the assertion 
that combining these agents has an additive effect (beyond 
IAHA alone) in reducing gene expression of inflammatory 
cytokines (including matrix metalloproteinase-3 (MMP-3) 
and tumor necrosis factor alpha (TNF-α)) and increasing cell 
volume in osteoarthritic chondrocytes [59]. A meta-analysis 
of efficacy of corticosteroid-IAHA combined therapies (k = 
8) demonstrated that the combination led to reductions in 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC) pain scores at 2–4 weeks, 24–26 weeks 
and 52 weeks compared to IAHA alone [60]. No significant 
differences in safety profile were observed between the two 
interventions [60]. Additionally, no significance difference 
between the various corticosteroid-IAHA formulations was 
observed [60]. In terms of alterations in effect based on the 
type of steroid used, there are no direct comparative studies, 
however, triamcinolone hexacetonide and triamcinolone 
acetate are the corticosteroids associated with the least mod-
ification of rheological properties of hyaluronic acid [61].

of symptomatic knee OA regardless of age (including in the 
elderly > 90 years), for those with moderate to severe obe-
sity (BMI ≤ 40), diabetes mellitus (type 1 and 2) and for 
those with concurrent history of gout (provided that it is not 
acutely active at the time of injection) [32, 33]. It can also 
be considered as a viable treatment for those with Kellgren–
Lawrence (KL) grade 2–3 tibiofemoral knee OA, and those 
with symptomatic, early knee OA (with normal radiographs, 
in the ‘window of opportunity’ we allude to above). Patients 
with mild to moderate effusions (of 1–10 mL) can be con-
sidered but the group moderately recommends against the 
use of IAHA in knee OA flares.

Safety

There has been some controversy regarding the adverse 
event (AE) profile of IAHA and, in order to dissect this fur-
ther, we will begin by defining some key terms and concepts.

AEs during clinical trials are defined by any untoward 
medical event which occurs in a patient receiving an investi-
gational product, however, it is worth emphasising that this 
event does not necessarily have a causal relationship with 
the study treatment. Serious AEs (SAEs) are any AE which 
results in death, is life-threatening, requires hospitalisation 
(or prolonged existing hospitalisation), and/or results in per-
sistent or significant disability or congenital abnormality or 
birth defect. Causality, in the case of an AE, is assessed by 
medically-qualified clinicians as part of a safety advisory 
board.

There are reviews of the literature which demonstrate an 
extremely beneficial safety profile of HA. An important net-
work meta-analysis of 74 trials (n = 13,042), regarding 18 
IAHA products in patients aged 45–75 years old confirmed 
systemic safety of IAHA with no major concern. The most 
frequently reported adverse event was transient, rapidly 
resolving, local pain or inflammation after injection with 
a prevalence of 8.5% [51]. A narrative review stated that 
IAHA ‘can result in minor transient local reactions… at a 
rate of 2–4%’ and ‘very few reports of severe side-effects’ 
[52]. A network meta-analysis found no significant differ-
ence in safety profile between IAHA, platelet-rich plasma, 
corticosteroid injection and placebo in terms of ‘treatment-
related side events’ [53] and a meta-analysis of randomized 
trials found that ‘compared with IA saline, IAHA was asso-
ciated with an increased risk of non-serious and transient 
local reactions’ [54]. A systematic review and meta-analysis 
draws attention to the quality of evidence in regard to safety 
and say that there can be ‘low to moderate certainty’ of a 
lack of ‘any safety issue’ [55] and a further review suggests 
that IAHA may reduce the use of NSAIDs and opioids [56] 
(with indirect benefits on safety).

1 3

Page 5 of 12    110 



Aging Clinical and Experimental Research          (2026) 38:110 

that baseline functional status was a predictor of response to 
the sorbitol-IAHA combination [68].

Chondroitin sulphate is an important constituent of the 
cartilage, supporting hydration and elasticity of the tissue 
[69]. Supplementation manifests an anti-catabolic function 
on the cartilage matrix via inhibition of the NF-κB with 
downstream reduction in pro-inflammatory cytokine secre-
tion [69]. The rationale for combining chondroitin to IAHA 
is not simply to achieve an additive effect but also so that 
it can increase viscosity (by increasing the molecular size 
via hydrogen bond formation), leading to increased tissue 
adherence and improved rheological properties [69]. In a rat 
model of OA (achieved via ACL ligament transection) chon-
droitin-IAHA combination was more effective than IAHA 
alone or chondroitin sulphate alone in reducing inflamma-
tory cytokine secretion (TNF-α, interleukin-6 (IL-6), and 
interleukin-1 beta (IL-1β)) and producing higher levels of 
collagen-II and aggrecan [69]. Open-label, single-arm stud-
ies have demonstrated clinical efficacy of chondroitin-IAHA 
combination in reducing WOMAC pain over 6 months (n = 
112) using 3 injections of Arthrum® (40 mg chondroitin, 40 
mg IAHA) [70], in reducing pain intensity and severity (n 
= 21, 6 months) using 1 injection of Hialurom Hondro® (90 
mg chondroitin, 60 mg IAHA) [71] and reducing VAS pain 
score, WOMAC pain, stiffness and physical function over 6 
months (n = 83) using SINOGEL® (48 mg chondroitin, 72 
mg IAHA) [72].

Low and high molecular weight IAHA may have differing 
actions within the joint which may be complementary, lead-
ing to the development of hybrid molecular weight IAHA 
combinations. High molecular weight IAHA is potentially 
viscosupplementary within the joint (though the concept 
of viscosupplementation is debated due to the persisting 
symptomatic benefit of IAHA long after it is cleared from 
the joint), whilst low molecular weight IAHA may help to 
improve the physical ease of injection, and facilitate greater 
penetration into the synovial extracellular matrix (ECM) 
and act as biosupplementation (via chondroprotection and 
stimulation of endogenous IAHA synthesis) [73]. An exten-
sive systematic review synthesised the available studies of 
hybrid molecular weight IAHA finding rapid reduction of 
pain from a single injection over 24 weeks of follow-up 
in 692 participants with radiographic knee OA [74], sig-
nificantly superior pain and clinical outcomes compared 
to PRP in a cohort of end-of-career professional footballs 
with degenerative cartilage lesions [75] and greater efficacy 
for pain reduction for hybrid molecular weight IAHA com-
pared to high molecular weight IAHA in a group of 48 obese 
patients [76].

Highly purified polynucleotides (extracted from trout 
gonads) have provoked interest as potential donors of nitro-
gen base precursors of nucleotides and nucleosides to allow 

Other combinations

In the 2017 ESCEO review of IAHA, it is stated that “some 
of the preparations include different concentrations of addi-
tives, such as mannitol, sorbitol, or chondroitin sulfate” 
[62]. The map of IAHA-combination therapies has extended 
substantially since then, with the addition of hybrid IAHA 
and some novel developments in polynucleotides and 
tranexamic acid.

Mannitol is a polyol (derived from mannose) reactive 
oxygen species (ROS) scavenger and, as such, has the 
potential to reduce degradation of injected HA leading to 
increased residence within the joint [63]. In vitro models, 
using hydrogen peroxide as a source of ROS, have demon-
strated maintenance of elastic and storage moduli (measures 
of the rheological performance of a material) of an IAHA-
mannitol combination over 30 min compared to deteriora-
tion of both parameters with IAHA alone [63]. A clinical 
trial of HANNOX-M (a mannitol-IAHA combination con-
taining 31 mg of 1-1.5 MegaDalton (MDa) IAHA and 70 
mg Mannitol in 2 mL) versus Bio-IAHA (20 mg of 2.3–3.6 
MDa IAHA in 2 mL) demonstrated non-inferiority over 6 
months (during which 3 injections were administered) in 
terms of change in WOMAC pain scores (Mean (SD) varia-
tion HANNOX-M = − 4.4 (3.8) mm, Bio-HA = − 4.5 (4.3) 
mm) [64]. Another randomized trial compared Ostenil Plus 
(2.0% IAHA (MW range 1 to 2000 kDa) + 0.5% mannitol 
and a 2.0 mL volume) with Synvisc One (0.8% of hylan G-F 
20, avian crosslinked HA gel (80% hylan A + 20% hylan B) 
with a mean MW of 6 000 kDa and a 6 mL volume), which 
also demonstrated non-inferiority over 6 months of follow-
up in a population of 292 knee OA patients [65].

Sorbitol is also a polyol, and diastereomer of mannitol. 
It is derived from glucose and is slightly more soluble than 
mannitol. The anti-inflammatory action of a sorbitol-IAHA 
combination therapy, SynolisTM V-A (IAHA 20 mg/mL 
(MW 2 MDa) with Sorbitol 40 mg/mL) has been demon-
strated in vitro via the abrogation of IL-1β induced catabo-
lism, inflammation and ROS production via significantly 
discernible effects on Nitric Oxide, inducible nitric oxide 
synthase (iNOS), prostaglandin E₂ (PGE2) and MMP-13 in 
a human chondrocyte model of OA, suggesting benefits of 
the formulation, including restoration of the redox status 
[66]. Non-inferiority of a single injection of Synolis VA (80 
mg IAHA (MW 2MDa) with 160 mg Sorbitol) compared to 
Synvisc-One (48 mg Hylan GF-20) has been demonstrated 
via a clinical trial for knee OA (n = 202) with reductions in 
WOMAC pain scores (mean ± SD: Synolis VA -29.2 ± 24.1, 
Synvisc-One − 31.6 ± 25.5, p = 0.57) and an approximately 
equal proportion of responders in each group (Synolis VA 
79%, Synvisc-One 77%) [67]. A sub-group analysis (the 
sorbitol-IAHA arm only, n = 91) of this trial demonstrated 
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well tolerated, and patients prefer treatments with a well-
established safety profile and low risks of inflammation or 
infection [14]. Rapid symptom relief is also highly valued, 
especially when OA symptoms interfere with mobility, 
independence, or quality of life [83]. Although IAHA may 
take longer to act than corticosteroids, some patients report 
symptom improvement within one to two weeks, and those 
who understand the expected time course are more satisfied 
with outcomes [82].

The duration of benefit is also important. Patients favour 
interventions that offer sustained relief, ideally for up to 
six months, reducing the frequency of clinic visits and pro-
cedural discomfort [84]. Studies have shown that patients 
are willing to pay more for injections [32] that provide 
longer-lasting efficacy [81]. Importantly, convenience plays 
a pivotal role. Patients typically prefer single-injection for-
mulations over multi-injection regimens to minimise time 
commitment, discomfort, and the anxiety associated with 
repeated clinic visits [81].

Technical aspects of injection also affect patient com-
fort. Larger injection volumes may prolong the procedure 
and contribute to pain, while larger-gauge needles are often 
associated with more discomfort. To optimise the patient 
experience, clinicians should consider using 22- or 25-gauge 
needles and low-volume formulations, particularly for small 
joints such as the fingers or the trapeziometacarpal joint.

Financial considerations are also critical. IAHA injec-
tions are variably reimbursed across health systems, and for 
patients paying out of pocket, cost-effectiveness becomes an 
essential factor. Many patients are willing to accept out-of-
pocket expenses if they perceive meaningful improvements 
in pain, function, or quality of life [68, 85]. Transparent 
discussions about cost, value, and expected outcomes are 
imperative for fostering trust and ensuring satisfaction.

Conclusions

In conclusion, efficacy and safety data support the use of 
IAHA in the treatment of knee OA in secondary care and the 
inclusion of IAHA in international and national guidelines. 
Overall findings thus far suggest that the optimal benefit to 
risk ratio is in those with early OA, who have the most to 
gain from reduced pain and improved performance to main-
tain muscle strength and joint function. There is burgeoning 
research examining the combining of IAHA with additional 
agents and further studies in this area will assist with dis-
tilling out the particular patient phenotypes that are likely 
to benefit best from particular formulation. The preferences 
of patients with knee OA are of paramount importance and 
should be prioritised when using shared decision-making to 
develop treatment plans.

development of chondrocytes and mesenchymal stem cells. 
This has led to the production of polynucleotide-IAHA 
combination therapy which has demonstrated significantly 
better efficacy in reducing WOMAC pain scores compared 
to IAHA alone at 2, 6 and 12 months (p < 0.01), but not at 
the 24-month follow-up (p = 0.09) [77].

Tranexamic acid is a lysine analogue, inhibitor of plas-
minogen activator and inhibitor of MMP-mediated prote-
olysis. These properties have led to a product combining 
tranexamic acid with IAHA for the treatment of iodoacetate-
induced OA in rats [78]. This combination demonstrated 
significant benefits symptomatically (for paw withdrawal 
threshold) and structurally (for OARSI scores) compared to 
IAHA alone.

In conclusion, there is convincing evidence of efficacy of 
polyol-IAHA combination therapy and, to a lesser extent, 
with hybrid molecular weight IAHA combination therapy 
(which would benefit from further head-to-head compari-
sons with non-hybrid formulations). The evidence base 
for chondroitin sulphate-IAHA combinations in blinded, 
randomised, multi-arm studies and the use of polynucleo-
tide-IAHA and tranexamic acid-IAHA combinations is an 
interesting area of development for future research.

Patient Preferences for Intra-Articular Hyaluronic Acid 
(IAHA) Treatment

Clinicians should aim not only to deliver evidence-based 
care but to empower patients to become informed partic-
ipants in their treatment decisions [79]. In the context of 
IAHA, this requires both a clear explanation of the risks 
and benefits, and an understanding of the diverse formula-
tions available. Particularly distinctions to be drawn include 
molecular weight and cross-linking, which may influence 
efficacy and tolerability. Patient education should be pro-
vided in a stepwise manner to ensure comprehension with-
out cognitive overload, especially when patients are being 
asked to choose between different IAHA options (high vs. 
low molecular weight formulations).

Importantly, incorporating patient preferences into shared 
decision-making is not only ethically aligned with person-
centered care but is also supported by health economic and 
regulatory frameworks. The International Society for Phar-
macoeconomics and Outcomes Research (ISPOR) empha-
sizes the importance of aligning clinical interventions with 
what patients value in their care experience [80, 81], includ-
ing comfort, accessibility, and functional outcomes [80]. 
Empathy, active listening, and the elicitation of individual 
goals and expectations are essential when planning intra-
articular therapy [82].

Across diverse populations, patients consistently report 
that safety is a top priority. IAHA products are generally 
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