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INTRODUTION
Hyaluronic acid (HA) was isolated in 1934 by Karl Meyer 
and John Palmer from the vitreous body of the bovine 
eye. HA is a glycosaminoglycan (GAG) from the group of 
structurally complex linear, anionic, hetero-polysaccha-
rides. The name “hyaluronan” appeared in 1986 to adapt 
the names of polysaccharides. Further studies identified 
its occurrence in other organs - in the joints, skin, human 
umbilical cord, nervous system, epithelial, connective tis-
sue and in the rooster comb. In addition, some bacterial 
strains, such as Streptococcus zooepidemicus, Escherichia 
coli, Bacillus subtilis, are able to produce hyaluronic acid 
[1-3]. Other compounds belonging to this group include: 
keratan sulfate I and II, heparan sulfate, chondroitin sulfate, 
and dermatan sulfate [4].

Hyaluronic acid is the only mucopolysaccharide that is 
not synthesized in the Golgi apparatus, it occurs primarily 
in the extracellular matrix (ECM) and is composed of a 
repeating disaccharide unit with a molecular weight of 
about 400 Da. Disaccharide units can form longer chains 
of up to 25,000 disaccharide units with an approximate 
molecular weight (MW) of 107 Da [4].

The first HA therapeutic injections were given to horses 
in an attempt to treat post-traumatic joint changes, which 
proved to be effective and has been widely used in veteri-
nary medicine since then [5,6]. In humans, HA has been 
used since 1970 for the treatment of osteoarthritis (OA), 

and its use has recently expanded significantly, including 
outside orthopedic diseases [7-9].

SYNETESIS OF HA
There are three hyaluronic acid synthases that are responsi-
ble for its formation (Has1, Has2 and Has3). The synthesis 
takes place on the inside of the cell membrane and keeps 
individual polymer parts outside the cell [10]. It differs 
from the synthesis of other polymers because it correlates 
with the length of HA molecules and their viscosity. The 
difference between synthase products is the variable chain 
length of HA produced. Depending on the length of the 
chain, we can distinguish between small, medium and large 
polymers. The first two forms have pro-angiogenic and 
anti-apoptotic properties that stimulate heat shock protein 
(HSP) synthesis and are potent immunostimulants. On the 
other hand, large polymers act mainly in immunosuppres-
sive and anti-angiogenic functions [11].

HA DEGRADATION
Enzymatic and chemical processes are important in HA 
catabolism. We distinguish the following hyaluronidases: 
HYAL1 - is an enzyme associated with lysosomes that 
breaks down HA into tetrasaccharides, HYAL2 - breaks 
down high molecular weight HA into 20 kDa, HYAL-3 
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ABSTRACT
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humans and animals. Numerous studies confirmed the beneficial effect of hyaluronic acid supplementation in OA. Patients which has intraarticular viscosupplementation of 
HA experience less pain and have a reduced need to take nonsteroidal anti-inflammatory drugs. Intra articular HA administration shows a low risk of local and systemic side 
effects while maintaining proper administration under aseptic conditions. Nevertheless, local inflammatory reactions occur, but it are most often self-limiting or do not require 
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and HYAL-4 products occur in numerous tissues, but their 
participation in the process the distribution of hyaluronan 
is insufficiently explained [10]. HYAL-4 is known to be an 
isoenzyme with lower specificity, in addition to hyaluronan 
degradation, it also has affinity for other GAGs. The group 
of hyaluronidases also includes PH-20 - sperm isozyme 
produced in the testes, also known as spreading factor and 
sperm adhesion molecule 1 (SPAM-1). Participates in the 
degradation of hyaluronan surrounding the egg - enabling 
penetration of the sperm, which can lead to fertilization. 
However, it is not clear at what point HA fragmentation 
changes from the extracellular process or on the cell surface 
into an endosomal or lysosomal process [4].

OCCURRENCE
HA is involved in many processes in the body. It is widely 
used in medicine because of its specific binding properties 
for a large number of water molecules. HA improves tissue 
hydration and resistance to mechanical damage. Interest 
in this compound is due to the fact that it is fully absorb-
able and biocompatible, which means that it is also widely 
available. The human body weighing 70 kg contains about 
15 g of HA, which is present in many structures and tissues, 
including in the joints, eyes and skin. In addition to remov-
ing free radicals or rheological properties, it also plays an 
important role in wound healing, ovulation, fertilization, 
signal transduction and cancer pathophysiology [4].

THE AIM
The purpose of the article is to approximate the use of 
hyaluronic acid in orthopedics.

For this purpose, selected literature was reviewed.

REVIEW AND DISSCUSION
Hyaluronic acid is often used in orthopedics due to its com-
mon occurrence in synovial fluid and articular cartilage. 
This compound is mainly administered to patients with 
osteoarthritis or rheumatoid arthritis. OA is a very common 
disease entity, especially in the elderly population, inevitably 
leading to disability and a significant reduction in the quality 
of life due to joint mobility restrictions and chronic pain [12]. 

Intra-articular changes that can be seen in OA include 
a decrease in GAG and an increase in collagen-degrading 
enzymes. As a result of inflammation, there is an increased 
production of reactive oxygen species that degrade col-
lagen, laminins and hyaluronic acid [13]. An important 
aspect of the impact of HA on joint structures is the 
chondroprotective effect and stimulating the synthesis 
of proteoglycans. High molecular weight HA reduces 
chemotaxis and migration of inflammatory cells, leading 
to a reduction in inflammation, and additionally protects 
against free radicals [14]. Several clinical trials have shown 
a slowdown in OA during HA treatment [15-17]. In addi-
tion, HA has an analgesic effect in OA [14, 18].

In 2008, Balogh et al. published the results of a study 
aimed at assessing the absorption, distribution and elim-

ination of orally administered HA in rats and dogs [19]. 
High molecular weight technetium HA labeled HA was 
used for this purpose to measure HA uptake by connective 
tissue. Scintigraphy was performed after administration of 
one dose of HA-labeled, which revealed a higher concen-
tration of compound, including in joints, salivary glands, 
ribs. It can be assumed that the distribution of HA in the 
human body looks similar [19].

In one clinical study, oral administration of HA (200 
mg / day) for 12 months led to a reduction in knee OA 
symptoms in patients aged 70 and younger, combined 
with exercises to strengthen the quadriceps muscle of the 
thigh [20]. Similar results were obtained by Nelson et al. 
[21] also confirmed that oral HA supplementation leads 
to a reduction in the severity of OA symptoms. Their ob-
servations showed that oral administration of HA leads 
to the regulation of inflammation detected both in serum 
and in SF (synovial / synovial fluid) and influences the 
normalization of HA circulation in SF. This suggests that 
the effect on the normalization of HA turnover in SF slows 
the progression of OA, because in preclinical models, HA 
turnover is associated with the severity of the disease [21].

In a randomized study, Kalman’s DS et al. noted a reduced 
intake of acetaminophen in the study group who received 
oral HA. However, all authors stress that further research 
is needed on the impact of HA [25].

De Lucia et al. in 2020, they reviewed the systematic 
work comparing the effects of HA and corticosteroids 
(GKS) in intra-articular injection [23]. A total of 370 HA 
administrations were evaluated for eight different joints 
(shoulder, knee, ankle, foot, elbow, wrist, fingers and toes). 
The assessment of treatment effectiveness was performed 
using various scales of function and pain disorders. In 
summary, each study resulted in an improvement in joint 
function and a reduction in pain compared to baseline 
[23]. Saito et al. concluded that, regardless of the joint, both 
HA and GKS showed similar efficacy in the treatment of 
rheumatoid arthritis (RA) i OA [24].

There are many HA preparations on the pharmaceutical 
market with different molecular weights - low (500–730 
kDa), intermediate (800–2000 kDa) and high (~ 6000 kDa) 
for IA (articular) injection [25]. The therapeutic efficacy of 
these products may vary depending on the origin of HA, 
production method, treatment protocol, viscoelasticity, 
molecular weight (MW) and many other properties. The 
half-life of HA-containing products in the joint is signifi-
cantly shorter than the duration of the therapeutic effect 
[26]. There is no evidence in the available publications that 
a particular type of HA is superior to others. However, 
some clinical studies show that preparations with a higher 
MW were more effective than those with a lower MW in 
relieving pain associated with OA [27, 28]. Intra-articular 
application of HA increases the quality of synovial fluid 
by increasing its viscoelastic properties. The half-life of 
exogenous acid is very short and ranges from 2-7 days 
[29]. However, some researchers have shown the presence 
of HA in cartilage and synovium even 28 days after admin-
istration [30]. Contrary to the above results, the long-term 
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benefits of viscosupplementation, such as pain reduction 
and improvement of joint mobility, last from half to even 
a year, and may be associated with increased production 
of endogenous HA [31, 32].

The articular HA preparations are characterized by good 
tolerance and satisfactory therapeutic effects (pain reduc-
tion), which is confirmed by randomized studies [14, 33]. A 
very important aspect of HA is the lack of systemic effects, 
which reduces the risk of drug interactions, which is par-
ticularly important in patients with OA who usually have 
multiple comorbidities [34]. Patients under 65 with a low OA 
severity are a group of patients who will definitely feel the 
beneficial effect of HA viscosupplementation [35]. HA can 
be recommended for both preventive and therapeutic use of 
IA as an anti-inflammatory agent, reducing the severity of 
symptoms and modifying the course of the disease [15-17].

RECOMMENDATIONS FOR USING HA IN OA
Currently, the positions of specialist groups are divided 
as to the use of hyaluronic acid in the treatment of OA. 
According to some societies, HA is not recommended as 
a reliable method of treating degenerative joint changes. 
AAOS (American Academy of Orthopedic Surgeons) in rec-
ommendations does not recommend the use of hyaluronic 
acids in the treatment of knee degenerative changes [36]. 
ACR (American College of Rheumatology) also does not 
recommend the use of hyaluronic acid in the treatment of 
knee and hip degenerative disease [37]. However, the inter-
national organization Cochrane states that there is evidence 
of positive effects of hailuronic acid in degenerative changes 
in the knee joints [38].OARSI (Osteoarthritis Research So-
ciety International) recommends the use of hyaluronic acid 
for intra-articular injection in the knee, hip and polyarticular 
OA [39]. EUROVISCO (European Viscosupplementation 
Consensus Group) also recommends the use of hyaluronic 
acid in osteoarthritis. However, recommendations on HA 
viscosupplementation were divided taking into account the 
strength of the recommendations on a 1-9 scale:
• �It is recommended to collect synovial fluid prior to injec-

tion for bacteriological examination when administering 
HA to any joint (recommendation 9).

• �It is recommended to follow the dosing schedule - the 
number of HA injections and the interval between in-
jections - as demonstrated in controlled randomized 
studies regardless of the joint to be treated (strength of 
recommendation 8).

• �It is recommended to administer HA to the knee by the 
lateral patellofemoral route (strength of recommenda-
tion 9).

• �It is recommended to administer HA under fluorosco-
py or ultrasound control to the hip (recommendation 
strength 9), ankle (recommendation strength 8), shoulder 
(recommendation strength 8), metacarpal I (recommen-
dation strength 8), and to the temporomandibular joint 
( strength of recommendation 8)

• �Injections with the help of ultrasound on fluoroscopy 
are recommended (strength of recommendation 9) [40].

CONCLUSION
The impact of the hyaluronic acid used for delivery still raises 
controversy in the orthopedic circle, but many years of research 
prove the beneficial effects of this type of injection into joints in 
the treatment of degenerative changes. The studies cited above 
show the benefits of administering HA to OA patients, especially 
regarding the reduction of pain experienced by patients. Some 
results also suggest improving a small degree of joint mobility, 
but this may be due to a reduction in the pain component felt. 
HA monotherapy does not lead to the regeneration of joint sur-
faces, however, it contributes to the reduction of inflammation 
in OA and better nutrition of the remaining articular cartilage. 
Indirectly, the beneficial effect of HA in OA also consists in 
reducing the amount of nonsteroidal anti-inflammatory drugs 
taken by patients. Intra-articular injection of HA shows a low risk 
of systemic and local adverse effects when administered under 
aseptic conditions and with proper administration. Nevertheless, 
local inflammatory or allergic reactions occur, which, however, 
usually do not require invasive methods of treatment. The issue 
of recommending HA administration in osteoarthritis is still am-
biguous, and the decision to use this type of therapy as supportive 
therapy for OA should be made in consultation with the patient.

REFERENCES
	 1.	  �Sugahara K, Schwartz NB, Dorfman A. Biosynthesis of hyaluronic acid 

by Streptococcus. J Biol Chem. 1979;254:6252–6261. 
	 2.	  �Yu HM, Stephanopoulos G. Metabolic engineering of Escherichia coli for 

biosynthesis of hyaluronic acid. Metab Eng. 2008;10:24–32. 
	 3.	  �Liu L, Liu Y, Li J et al. Microbial production of hyaluronic acid: current 

state, challenges and perspectives.  Microb Cell Fact. 2011;10:99.
doi:10.1186/1475-2859-10-99.

	 4.	  �Gupta RC,  Lall R,  Srivastava A et al. Hyaluronic Acid: Molecular 
Mechanisms and Therapeutic Trajectory. Front Vet Sci. 2019;6:192.
doi:10.3389/fvets.2019.00192.

	 5.	  �Balazs EA. Sodium hyaluronate and joint function. JEVS.1985;5:217–228. 
	 6.	  �Balasz EA, Laurent TC. New applications for hyaluronan. In: Laurent TC. 

editor. The Chemistry, Biology, and Medical Applications of Hyaluronan 
and its Derivatives. London: Portland Press;1998, pp. 325–36.

	 7.	  �Liang J, Jiang D, Noble PW. Hyaluronan as a therapeutic target in human 
diseases. Adv Drug Deliv Rev.2016;97:186–203. 

	 8.	  �Jiang D, Liang J, Noble PW.  Hyaluronan as an immune regulator in 
human diseases. Physiol Rev. 2011;91:221–264. 

	 9.	  �Groβ D, Childs M, Piaton JM. Comparison of 0.2% and 0.18% hyaluronate 
eye drops in patients with moderate to severe dry eye with keratitis or 
keratoconjuctivitis. Clin Opthalmol. 2017;11:631–638.

	 10.	  �Prehm P.  Release of hyaluronate from eukaryotic cells.  Biochem 
J.1990;267:185–189.

	 11.	  �Slevin M, Krupinski J, Gaffney J et al. Hyaluronan mediated angiogenesis 
in vascular disease: uncovering RHAMM and CD44 receptor signaling 
pathways. Matrix Biol. 2007;26:58–68.

	 12.	  �Gupta S, Hawker GA, Laporte A et al. The economic burden of disabling 
hip and knee osteoarthritis (OA) from the perspective of Individuals 
living with this condition. Rheumatology. 2005;44:1531–1537.

	 13.	  �Bates EJ, Harper GS, Lowther DA et al. Effect of oxygen-derived reactive species on 
cartilage proteoglycan-hyaluronate aggregates. Biochem Int. 1984;8:629–637.

	 14.	  �Moreland LW. Intra-articular hyaluronan (hyaluronic acid) and hylans 
for the treatment of osteoarthritis: mechanisms of action. Arthritis Res 
Ther. 2003;5:54–67.



HYALURONIC ACID IN ORTHOPEDICS

1881

	 15.	  �Kuroki K, Cook JL, Kreeger JM. Mechanisms of action and potential uses of 
hyaluronan in dogs with osteoarthritis. J Am Vet Med Assoc. 2002;221:944–950. 

	 16.	  �Carapeba GOL, Cavaleti P, Nicácio GM et al. Intra-articular hyaluronic 
acid compared to traditional conservative treatment in dogs with 
osteoarthritis associated with hip dysplasia. Evid-Based Compl Altern 
Med. 2016;2016:20726921. doi:10.1155/2016/2076921.

	 17.	  �Neustadt D, Caldwell J, Bell M et al.  Clinical effects of intraarticular 
injection of high molecular weight hyaluronan. (Orthovisc) in 
osteoarthritis of the knee: A randomized, controlled, multicenter trial. J 
Rheumatol. 2005;32:1928–1936. 

	 18.	  �Moore AR, Willoughby DA. Hyaluronan as a drug delivery system for 
diclofenac: a hypothesis for the mode of action.  Int J Tissue React. 
1995;17:153–156.

	 19.	  �Balogh L, Polyak A, Mathe D et al. Absorption, uptake and tissue affinity 
of high-molecular-weight hyaluronan after oral administration in rats 
and dogs. J Agric Food Chem.2008;56:10582–10593.

	 20.	  �Tashiro T, Seino S, Sato T et al. Oral administration of polymer hyaluronic 
acid alleviates symptoms of knee osteoarthritis: a double-blind, 
placebo-controlled study over a 12-month period.  Scientif World 
J.2012;2012:167928.doi:10.1100/2012/167928.

	 21.	  �Nelson FR, Zvirbulis RA, Zonca B et al. The effects of an oral preparation 
containing hyaluronic acid. (Oralvisc®) on obese knee osteoarthritis 
patients determined by pain, function, bradykinin, leptin, inflammatory 
cytokines, and heavy water analysis. Rheumatol Int. 2015;35:43–52. 

	 22.	  �Kalman DS, Heimer M, Valdeon A et al.Effect of a natural extract of 
chicken combs with a high content of hyaluronic acid (Hyal-Joint®) 
on pain relief and quality of life in subjects with knee osteoarthritis: a 
pilot randomized double-blind placebo-controlled trial. Nutr J. 2008;7: 
3. doi:10.1186/1475-2891-7-3

	 23.	  �De Lucia O, Murgo A, Pregnolato F et al. Hyaluronic Acid Injections in 
the Treatment of Osteoarthritis Secondary to Primary Inflammatory 
Rheumatic Diseases: A Systematic Review and Qualitative Synthesis.
Adv Ther. 2020;37(4):1347-1359. 

	 24.	  �Saito S, Momohara S, Taniguchi A et al. The intra-articular efficacy of 
hyaluronate injections in the treatment of rheumatoid arthritis. Mod 
Rheumatol. 2009;19:643–651.

	 25.	  �Berenbaum F, Grifka J, Cazzaniga Set al.  A randomized, double-
blind, controlled trial comparing two intra-articular hyaluronic acid 
preparations differing by their molecular weight in symptomatic knee 
osteoarthritis. Ann Rheum Dis. 2012;71:1454–1460. 

	 26.	  �Waddell DD. Viscosupplementation with hyaluronans for osteoarthritis 
of the knee. Clinical efficacy and economic implications. Drugs Aging. 
2007;24:629–642. 

	 27.	  �Wobig M, Bach G, Beks Pet al. The role of elastoviscosity in the efficacy 
of viscosupplementation for osteoarthritis of the knee: a comparison 
of Hyalgan G-F 20 and a lower-molecular weight hyaluronan. Clin Ther. 
1999;21:1549–1562. 

	 28.	  �Santilli V, Paoloni M, Mangone M et al.  Hyaluronic acid in the 
management of osteoarthritis: injection therapies innovations.  Clin 
Cases Miner Bone Metab. 2016;13:131–134. 

	 29.	  �Bagga H, Burkhardt D, Sambrook P et al. Longterm effects of 
intraarticular hyaluronan on synovial fluid in osteoarthritis of the knee. 
J Rheumatol. 2006;33(5):946–950.

	 30.	  �Stitik TP, Kazi A, Kim JH. Synvisc® in knee osteoarthritis. Future 
Rheumatol.2008;3(3):215–222.

	 31.	  �Pal S, Thuppal S, Reddy KJ, et al. Long-term (1-year) safety and efficacy 
of a single 6-mL injection of Hylan G-F 20 in Indian patients with 
symptomatic knee osteoarthritis. Open Rheumatol J. 2014;8:54–68. 

	 32.	  �Campbell  KA,  Er ickson BJ,  Saltzman BM, et  al.  Is  local 
viscosupplementation injection clinically superior to other therapies 
in the treatment ofosteoarthritis of the knee: a systematic review of 
overlapping meta-analyses. Arthroscopy. 2015;31:2036–2045.

	 33.	  �Altman RD, Moskowitz R. Intraarticular sodium hyaluronate (Hyalgan) in 
the treatment of patients with osteoarthritis of the knee: a randomized 
clinical trial. Hyalgan Study Group. J Rheumatol. 1998;25:2203–2212.

	 34.	  �Szabó A,  Zelkó R,  Antal I. Treatment of rheumatic diseases with 
intraarticular drug delivery systems. Acta Pharm Hung.2011;81:77–86.

	 35.	  �Wang CT, Lin J, Chang CJ et al. Therapeutic effects of hyaluronic acid on 
osteoarthritis of the knee: A meta-analysis of randomized controlled 
trials. J Bone Joint Surg Am.2004;86-A:538–45. doi:10.2106/00004623-
200403000-00012.

	 36.	  �Jevsevar DS. Treatment of osteoarthritis of the knee: evidence-based 
guideline. J Am Acad of Orthop Surg. 2013;21:571–576.

	 37.	  �Hochberg MC, Altman RD, April KT et al. American College of 
Rheumatology 2012 recommendations for the use of nonpharmacologic 
and pharmacologic therapies in osteoarthritis of the hand, hip, and 
knee. Arthritis Care Res. 2012;64:465–474.

	 38.	  �Bellamy N, Campbell J, Welch V et al. Viscosupplementation for the 
treatment of osteoarthritis of the knee. The Cochrane Library 2006.

	 39.	  �Bannuru RR, Osani MC, Vaysbrot EE et al. OARSI guidelines for the non-
surgical management of knee, hip, and polyarticular osteoarthritis. 
Osteoarthritis Cartilage. 2019;27(11):1578-1589.

	 40.	  �Conrozier T, Monfort J, Chevalier X et al. EUROVISCO Recommendations 
for Optimizing the Clinical Results of Viscosupplementation in 
Osteoarthritis. Cartilage. 2020;11(1):47-59. 

	
ORCID and contributionship:
Jakub Kosiński- 0000-0003-1700-0317 A,B,C,D,F

Jaromir Jarecki- 0000-0002-6866-3850 A,C,E

Joanna Przepiórka -Kosińska- 0000-0001-9073-876X A,B,D,E

Magdalena Ratajczak- 0000-0002-2864-4305 D

Conflict of interest
Magdalena Ratajczak is an employee of Euroimmun Poland 
a Perkinelmer Company.

CORRESPONDING AUTHOR
Jakub Kosiński
Chair and Department of Rehabilitation and Orthopaedics,  
Medical University in Lublin, , (SPSK Nr 4)
Jaczewskiego 8 str, 20-090 Lublin, Poland 
tel: 503 109 294
e-mail: kuba.kosinski@gmail.com

Received: 06.07.2020
Accepted: 07.09.2020

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, 

D – Writing the article, E – Critical review, F – Final approval of the article


