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Abstract: Osteoarthritis is the most common musculoskeletal progressive disease, with the knee as
the most commonly affected joint in the human body. While several new medications are still under
research, many symptomatic therapy options, such as analgesics (opioid and non-opioid), nonsteroid
anti-inflammatory drugs, symptomatic slow-acting drugs in osteoarthritis, and preparations for
topical administration, are being used, with a diverse clinical response and inconsistent conclusions
across various professional societies guidelines. The concept of pharmacogenomic-guided therapy,
which lies on principles of the right medication for the right patient in the right dose at the right time,
can significantly increase the patient’s response to symptom relief therapy in knee osteoarthritis.
Corticosteroid intra-articular injections and hyaluronic acid injections provoke numerous discussions
and disagreements among different guidelines, even though they are currently used in daily clinical
practice. Biological options, such as platelet-rich plasma and mesenchymal stem cell injections, have
shown good results in the treatment of osteoarthritis symptoms, greatly increasing the patient’s
quality of life, especially when combined with other therapeutic options. Non-inclusion of the latter
therapies in the guidelines, and their inconsistent stance on numerous therapy options, requires
larger and well-designed studies to examine the true effects of these therapies and update the
existing guidelines.

Keywords: knee osteoarthritis; guidelines; drug therapy; pharmacogenomics; intra-articular injec-
tions; mesenchymal stem cells
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1. Introduction

It is approximated that 250 million people worldwide suffer from osteoarthritis (OA),
with an increasing trend in prevalence during the last decades, which continues to rise [1-3].
According to Global Burden of Diseases, Injuries, and Risk Factors Study 2015 by Disease
and Injury Incidence and Prevalence Collaborators, approximately 85% of the burden of OA
worldwide is connected with knee OA, with an estimated prevalence of 10% in men and
13% in women aged 60 and above [4,5]. OA is challenging to treat. The gold-standard end-
stage therapy is total joint replacement surgery, without any effective therapeutic option
available to stop OA from developing or progressing [1]. As a chronic disease with pain and
diminished joint mobility and function as the dominant symptoms, pain management and
lifestyle changes are the only available therapeutic option for low-grade OA. Therapeutic
measures including intra-articular applications of corticosteroid injections, hyaluronic acid
injections, platelet-rich plasma, or mesenchymal stem cells may slow down the existing
condition according to some studies. Still, these results are often inconsistent, with different
strengths of recommendation across different professional societies” guidelines, as can be
seen in Tables 1 and 2 [6-10]. This comprehensive literature review aims to compare recent
guidelines for the most-often-used pharmaceutical and biological treatment options and
review the recent meta-analyses for potential new insights into these procedures.
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Table 1. Guideline recommendations for most commonly used oral and topical pharmacological agents in osteoarthritis treatment.
s 3 qs Opioid Analgesics
Guideline Year of Issue Acetaminophen Peroral NSAIDs SYSADOA Topical NSAIDs
Author Tramadol
. o . Strong .
AAOS 2013 Unable to give any Positive . Inconclusive Positive . recommendation Positive .
recommendation recommendation recommendation . recommendation
against use
Strong
. e Strong .
Conditional Conditional . Recommended as . recommendation for
ACR/AF 2020 . . recommendation . . recommendation .
recommendation for recommendation for first-line treatment . use prior to oral
against use
NSAIDs
OARSI 2019 Cond1t1.o nal . Strong recommendation against Recommended as Not included Recommended as
recommendation against first-line treatment first-line treatment
Weak recommendation Recommended as .
. . . . Recommended in
against as single therapy, first-line, long-term -
should be used as rescue Conditional recommendation for as third-line Recommended as treatment for addition to
ESCEO 2019 .. . first-line, short-term . SYSADOA and
medicine in addition to treatment pharmaceutical- . .
. . . treatment acetammophen prior
first-line treatment with grade to oral NSAIDs
SYSADOA products
AAOS—American Academy of Orthopedic Surgeons; ACR/AF—American College of Rheumatology/ Arthritis Foundation; OARSI—Osteoarthritis Research Society International; ESCEO—European Society for

Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases; NSAIDs—nonsteroidal anti-inflammatory drugs; SYSADOA—systemic slow-acting drugs in osteoarthritis.
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Table 2. Guideline recommendations for most commonly used intra-articular options in osteoarthritis treatment.
Guideline Year of Issue IACS IAHA PRP MSCs
Author
AAOS 2013 Unable to give any recommendation Not recommended Unable to give any Not included
recommendation
Strong recommendation against, ~ Strong recommendation against
ACR/AF 2020 Strong recommendation for short-term Conditional recommendation (heterogeneous studies, lack of (heterogeneous studies, lack of
analgesia against preparation and application preparation and application
standardization) standardization)
Conditional recommendation for Conditional recommendation for ~ Strong recommendation against Strong recommendation against
OARSI 2019 . a long-term effect where multiple  (non-standardized formulations, (non-standardized formulations,
short-term analgesia . . . . .
IACS are contraindicated low-quality evidence) low-quality evidence)
Weak recommendation for short-term Weak recommendation for, only
analgesia when patients have a to be used when patients have a
ESCEO 2019 contraindication for the use of NSAIDs contraindication for the use of Not included Not included
or have insufficient analgesia on NSAIDs or have insufficient
NSAID therapy analgesia on NSAID therapy
AAOS—American Academy of Orthopedic Surgeons; ACR/AF—American College of Rheumatology/Arthritis Foundation; OARSI—Osteoarthritis Research Society International; ESCEO—European Society

for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases; IACS—intra-articular corticosteroids; IAHA—intra-articular hyaluronic acid; PRP—platelet-rich plasma;

MSCs—mesenchymal stem cells; NSAIDs—nonsteroidal anti-inflammatory drugs.
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2. Literature Search Methodology

To access the most recent literature with the highest level of evidence, a literature
search of PubMed was provided using filters for systematic reviews and meta-analyses
only, from 1 January 2018 until 10 February 2021. The term knee osteoarthritis was combined
with the most commonly used pharmaceutical agents for its treatment using the com-
mands AND and OR. The overall search included the following terms: (knee osteoarthritis)
AND ((acetaminophen) OR (paracetamol) OR (opioids) OR (tramadol) OR (morphine)
OR (oxycodone) OR (NSAID) OR (ibuprofen) OR (ketoprofen) OR (naproxen) OR (etori-
coxib) OR (celecoxib) OR (rofecoxib) OR (DMOAD) OR (SADOA) OR (SYSADOA) OR
(glucosamine) OR (chondroitin) OR (topical) OR (corticosteroid) OR (glucocorticoid) OR
(methylprednisolone) OR (betamethasone) OR (triamcinolone) OR (dexamethasone) OR
(hyaluronic acid) OR (hyaluronan) OR (platelet-rich plasma) OR (PRP) OR (mesenchymal
stem cells) OR (MSC) OR (stromal vascular fraction) OR (SVF)). This search generated a
total of 133 results, of which after reading the title and/or abstract, 42 papers satisfied
the topic and the point of this article. These articles were read in full and included in the
review. The 4 guidelines of well-known professional societies for the treatment of knee
OA were included to compare the guidelines with the latest and most significant literature.
The remaining 61 references were already known to the authors and/or were included
in order to increase the quality of the work, improve the readability of the article itself,
and write the introduction, the section on pharmacogenomics, and parts of the individual
chapters’ conclusions.

3. Peroral Treatment

When OA becomes symptomatic, patients start to use some pharmacological agents,
either recommended by the doctor or on their own. There is a wide range of agents used in
treating symptomatic OA, from acetaminophen and nonsteroidal anti-inflammatory drugs
(NSAIDs) to opioid analgesics and cartilage active agents.

3.1. Analgesics
3.1.1. Acetaminophen (Paracetamol)

Acetaminophen is commonly used as a first-line analgesic in the treatment of various
painful conditions. Despite its common use, the exact mechanism of acetaminophen action
has not yet been established [11]. However, there are increasing doubts regarding the
efficacy of acetaminophen in patients with OA [12]. While some researchers recommend
acetaminophen as a very potent analgesic, meta-analyses report that acetaminophen in a
maximal daily dose does not have a satisfactory effect in knee OA [13]. A recent Cochrane
review and meta-analysis including 3541 patients with either hip or knee OA found
no statistical difference of subjective pain intensity, physical function, or the observed
side effects in the acetaminophen group compared to the placebo [14]. On the other
hand, a network meta-analysis by Jung et al. showed that acetaminophen is clinically
effective in knee OA patients with mild to moderate pain [15]. The American College
of Rheumatology/ Arthritis Foundation (ACR/AF) gave a conditional recommendation
for acetaminophen use due to its small effect size when used as monotherapy, but it may
be used for short-term or periodic use in patients who have a contraindication for other
analgesic drugs [7].

It is important to emphasize that clinical improvement is the primary target of anal-
gesic OA therapy; therefore, acetaminophen should not be dropped in these patients
altogether but should instead be replaced by NSAIDs as first-line treatment in knee OA
and reserved for situations in which they are contraindicated, which is in accordance with
the Osteoarthritis Research Society International (OARSI) 2019 guidelines, which gave a
conditional recommendation against their use [6]. The European Society for Clinical and
Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO)
2019 guidelines gave a conditional recommendation for acetaminophen use only for short-
term rescue analgesia in combination with long-term chondroitin sulfate or glucosamine (9).
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The American Academy of Orthopaedic Surgeons (AAOS) was not able to give a recom-
mendation for or against the use of acetaminophen [8]. Acetaminophen should still be
prescribed with caution because there are known side effects. In some patients, higher
doses or prolonged use of acetaminophen can be hepatotoxic [12]. Comparing the safety
profile of acetaminophen with NSAIDs, acetaminophen has fewer adverse effects, but the
risk of liver toxicity cannot be neglected. For that reason, the Food and Drug Agency in
2011 issued a warning and communication to drug manufacturers to reduce the dose of
acetaminophen in prescription drug products to 325 mg [16].

Concerns in relation to other possible adverse events associated with acetaminophen
use have been raised. One observational study found that using high doses of acetaminophen
(>3 g/day) is associated with a higher risk of hospitalization due to gastrointestinal bleed-
ing compared to doses of 3 g/day or lesser [17]. Other studies indicated a decreased
glomerular filtration rate with prolonged acetaminophen use of daily doses above 3 g
and a higher incidence of hypertension [18]. Such concerns have to be acknowledged, but
it also needs to be kept in mind that most of the studies reporting these adverse events
were observational studies. In addition, acetaminophen was commonly prescribed in the
elderly due to their comorbidities and higher susceptibility to NSAID-caused adverse
events, thereby creating allocation bias [19].

3.1.2. Opioids

Opioids (tramadol, morphine, oxycodone, etc.) are not readily prescribed in the treat-
ment of OA. Opioid analgesics are agonists of the opioid receptors in the central nervous
system (CNS), whose activation leads to CNS depression [20]. They have a well-known
side-effect profile, including constipation, nausea, and vomiting, in addition to their very
high addiction potential. In a direct comparison to NSAIDs, tramadol was shown to be
inferior at short-term (4-12 weeks) physical function improvement and tolerability for
neuropathic, low-back, and OA pain [21]. Opioids are generally indicated for short-term
OA therapy in patients where other analgesics are unsuccessful or contraindicated for
any reason [22]. They are also a good choice in patients who are not candidates for joint
replacement [7,9]. The recommendations of professional guidelines differ on this topic.
The AAOS gave a positive recommendation for the use of tramadol in the symptomatic
treatment of knee OA; however, it found evidence of the use of other opioids or transdermal
patches inconclusive [8]. The ACR/AF gave a conditional recommendation for the use of
tramadol, while other opioid analgesics were given a conditional recommendation against
use, indicating both should be used only when other therapeutic options have been ex-
hausted [7]. ESCEO guidelines have a similar stance, giving a conditional recommendation
for the use of opioids as a third-line therapy option prior to knee replacement surgery when
other pharmacological options (including intra-articular corticosteroids and hyaluronic
acid (HA)) are unsuccessful in symptomatic relief [9]. The only guideline that gave a
negative recommendation was that by OARSI. A strong recommendation against the use
of oral or transdermal opioids for OA treatment was given due to their high addiction
potential and limited efficacy [6].

According to a Cochrane review, tramadol alone or in combination with acetaminophen
had no significant benefit on mean pain or function in patients with OA compared to the
placebo [23]. A systematic review and meta-analysis that investigated opioid usage for
OA pain found low tolerability of opioids, without clinically relevant efficacy in controlled
studies from 4 to 24 weeks for OA pain [24]. Similar findings were reported in a recent
meta-analysis by Osani et al. The authors concluded that opioids showed minor benefits on
pain and function compared with the placebo from 2 to 12 weeks of treatment, which did
not improve the patients’ quality of life. Furthermore, the authors indicated that stronger
opioids (morphine, oxycodone) displayed inferior clinical results than weak/intermediate
opioids (codeine, tramadol) but also increased the risk of experiencing more adverse ef-
fects [25]. These latest findings weigh in favor of the negative recommendation given by
most guidelines, in our opinion; however, a rational approach on a patient-to-patient basis
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should be taken to identify the need for opioid therapy where other options have failed,
much like the three-step approach recommended by ESCEO.

3.2. Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs include two groups of drugs: non-selective cyclooxygenase (COX) inhibitors
and selective cyclooxygenase-2 (COX-2) inhibitors, such as etoricoxib and celecoxib. They
have an analgesic and anti-inflammatory effect. Because of their anti-inflammatory effect,
they have good efficacy in the treatment of OA-related pain. Nevertheless, these drugs
should be used very carefully because of their side-effect profile in chronic use, especially
gastrointestinal and cardiovascular effects [26-28]. Gastrointestinal side effects are more
likely to occur in patients with some risk factors such as age over 60, high NSAID doses,
long therapy duration, co-administration of two or more NSAIDs, and Helicobacter py-
lori infection [29]. In the cases where this risk is increased, non-selective COX inhibitors
in combination with a proton pump inhibitor or selective COX-2 inhibitors should be
administered [30]. A study by Nissen et al. investigated the cardiovascular safety of cele-
coxib, a selective COX-2 inhibitor, and non-selective COX inhibitors (naproxen, ibuprofen).
Non-significant differences in the risk of a cardiovascular event were observed between
the drugs, but celecoxib showed significantly lower rates of gastrointestinal events than
non-selective COX inhibitors and also lower rates of renal side effects compared to ibupro-
fen [31]. In a systematic review and network meta-analysis of long-term (>12 months)
trials by Gregori et al., celecoxib was the only NSAID associated with improvements
in pain, but the association was small and without observed improvements in physical
function [32]. Given only the minor or no clinical benefits of long-term NSAID use and
considering the possible risk of adverse effects, NSAID therapy should be restricted only
to short-term treatment. Different conclusions have been drawn regarding the most potent
NSAID. A meta-analysis by da Costa et al. indicated that oral use of diclofenac 150 mg/day
is the most effective for pain management and physical function improvement compared
to other NSAIDs such as rofecoxib, lumiracoxib, etoricoxib, celecoxib, ibuprofen, and
naproxen [33]. Of all the available NSAIDs, naproxen was found to be the most effective in
both symptom relief and positive functional outcomes in a network meta-analysis, which
included all randomized control trials in the English language until 2015, that compared the
clinical effectiveness of available oral and intra-articular pharmacologic agents (NSAIDs,
acetaminophen, corticosteroids, and hyaluronic acid) to each other and to the placebo [34].
The observed results were even stronger when oral naproxen was used with intra-articular
corticosteroid application. OARSI, ESCEO, and ACR/AF guidelines agree on the rec-
ommendation of oral NSAIDs as first-line short-term therapy for persistent pain in OA
patients who are not at high risk for a cardiovascular event [6,7,9,10]. The AAOS gave a
positive recommendation for the use of NSAIDs in the symptomatic treatment of knee OA
as first-line therapy [8].

The positive results of NSAID therapy are of no surprise from a pathophysiologic point
of view, as the key driver of OA progression is a low-grade chronic inflammation caused
by an imbalance between anabolic and catabolic processes of the articular osteochondral
unit [35].

3.3. Symptomatic Slow-Acting Drugs in Osteoarthritis (SYSADOA)

According to Steinmeyer and co-authors, glucosamine and chondroitin sulfate are in a
group of symptomatic slow-acting drugs in osteoarthritis (SYSADOA) [29]. Glucosamine is
a metabolic precursor of glycosaminoglycans, which are the components of the cartilage ex-
tracellular matrix (ECM), and chondroitin sulfate is a natural component of the ECM [35,36].
Evidence of the positive effects of glucosamine and chondroitin sulfate is still a matter of
debate. Official guidelines have different attitudes toward the use of glucosamine and
chondroitin sulfate in the treatment of knee OA. The AAQS, in its 2013 guidelines, does
not recommend the use of glucosamine and chondroitin for patients with symptomatic
knee OA, with a strong strength of recommendation [8]. OARSI gave recommendations
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for the symptom relief effect and disease-modifying effect for both the drugs separately
in its 2014 guidelines but did not include them in its 2019 knee OA guidelines [6,37]. The
recommendation for the symptom relief effect was uncertain and for the disease-modifying
effect was not appropriate. The main reason for the recommendation was the drug’s weak
effect and very heterogeneous results between studies [37]. Glucosamine may be used in
patients with NSAID intolerance or patients with high gastrointestinal and cardiovascular
risk. Although their effect in symptomatic relief of patients with knee OA cannot be denied,
ACR/ AF guidelines gave a strong recommendation against the use of glucosamine and
chondroitin sulfate due to discrepancies in analyzed studies, which indicated a possible
publication bias, high placebo effect, and unknown biological mechanisms of their effect [7].

However, recent meta-analyses indicate the potential benefits of therapy with SYSADOA
in patients with knee OA. A systematic review and network meta-analysis of long-term
(>12 months) trials found that glucosamine sulfate is related to pain reduction but also im-
provements in physical function and joint structure [32]. Another meta-analysis concluded
that supplementation with glucosamine or chondroitin sulfate reduces pain levels mea-
sured by the visual analog scale (VAS) in knee OA patients but do not improve the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score for pain, function,
or stiffness [38]. Zhu et al. noticed superior benefits of chondroitin in alleviating pain and
improving physical function compared with the placebo and also the role of glucosamine
in reducing joint stiffness. They also emphasized a good safety profile and great tolerance
of the aforementioned supplements [39]. Different conclusions regarding the efficacy of
SYSADOA may be a consequence of various qualities of glucosamine and chondroitin
preparations in numerous studies. This idea was corroborated by a recent meta-analysis
that marked that prescription-grade chondroitin sulfate and prescription-grade crystalline
glucosamine sulfate are more effective in reducing pain in knee OA than nutraceutical
grade or over-the-counter (OTC) glucosamine or chondroitin preparations [40]. Similar
conclusions were made by Honvo and colleagues, who indicated that prescription-grade
preparations with chondroitin sulfate achieve better results for pain and functional sta-
tus [41]. ESCEO guidelines recommend only pharmaceutical-grade chondroitin sulfate
and crystalline glucosamine as first-line long-term therapy in symptomatic knee OA as
both single therapy and in combination with acetaminophen, distinguishing them from
the same products of weak pharmaceutical quality. They do not recommend the use of
over-the-counter products containing both chondroitin sulfate and glucosamine [9].

Given the fact that new research does not dismiss SYSADOA as a potential symp-
tomatic therapy for knee OA and that the guidelines do not unequivocally advise against
their use, larger placebo-controlled studies with prescription-grade preparations are needed
to re-evaluate current guidelines and draw stronger conclusions.

3.4. Pharmacologic Treatment in the Pharmacogenomic Context

New pharmacogenomic research indicates that the often-observed inter-individual
differences, based on the patient’s genetic make-up, should be taken into consideration
when prescribing pharmacologic treatment. This is emphasized with reports of up to
50% of patients using an analgesic treatment who do not experience adequate pain relief
and with pain being one of the leading symptoms of OA that can predispose the patients
to develop depression if it is not adequately addressed and treated [42,43]. The field of
pharmacogenomics aims to identify the genetic markers responsible for variable patient
drug responses by looking at the genotype of drug-metabolizing enzymes, transporter
proteins, target receptors, and others in order to determine the most effective and safest
medication and its dose on a case-to-case basis, in contrast to the currently used one-size-
fits-all approach used in clinical practice today. The key information pharmacogenomics
brings to the clinician is the net result of different allele combinations, referred to as the
enzyme phenotype, which defines its function as reduced, normal, or increased [44].

It should be stated that knowing the genetic profile alone is not enough to completely
alleviate pain in patients suffering from musculoskeletal pain. Other factors such as the
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environment, age, sex, previous medical conditions, and lifestyle greatly contribute to
the individual sensation of pain [45]. However, pharmacogenomic research offers a new
perspective on some of the most commonly used analgesics to treat OA, such as NSAIDs
and opioids.

3.4.1. NSAIDs

The different bioavailability based on the CYP2C8 (a member of the cytochrome P450
family) genotype is shown to play a role in patients developing potentially serious adverse
drug reactions with prolonged use of NSAIDs, such as gastrointestinal or cardiovascular
events [46]. Single-nucleotide polymorphisms for another member of the cytochrome P450
enzyme family, CYP2C9, have been found to influence the metabolism rate of celecoxib and
flurbiprofen. For patients who have a determined poor metabolizer phenotype (CYP2C9
*3/*3), a 50% reduction in the starting dose is suggested to avoid potential side effects;
however, it is not part of any official guideline [47]. Another study found an increased
risk of gastrointestinal tract bleeding in patients carrying CYP2C8*3 and CYP2C9*2 alleles
when using NSAIDs that are the substrate of both of these enzymes, such as ibuprofen and
diclofenac [48].

3.4.2. Opioids

Although not commonly prescribed for OA patients, opioid analgesics are a group of
drugs most commonly associated with genetic polymorphisms. Tramadol, codeine, and
oxycodone are all metabolized by CYP2D6 in the liver and bind to the opioid receptor,
both of which have demonstrated the ability to impact the effects and side-effect profile
of the drugs [49]. Another enzyme linked to the effect of opioid analgesics is catechol-O-
methyltransferase, which degrades endogenous catecholamines. Its polymorphisms affect
the analgesic efficacy of an opioid drug [49].

Detailed clinical guidelines are available for the interpretation of pharmacogenomic
results based on the CYP2D6 genotype, whilst a focused review of the opioid receptor M1
subunit (OPRM1) and COMT polymorphisms did not produce any therapeutic dosing
recommendation due to mixed and insufficient evidence of a clinically relevant effect [50].

The implementation of pharmacogenomic results in daily clinical practice is a chal-
lenge because it requires an interdisciplinary team of physicians. However, in the future,
with the development of more robust genetic screening platforms and increased numbers
of patients willing to test themselves for their unique polymorphisms, new tools should be
made available to ease the interpretation of data in a reliable, easy-to-understand, and fast
manner, possibly using the advantages of artificial intelligence [51].

4. Topical Treatment
e Topical NSAIDs

Topically used NSAIDs (diclofenac, ketoprofen, and ibuprofen) are a very simple and
popular method in the therapy of OA. Their main advantage compared to oral NSAIDs is
their side-effect profile, which is greatly reduced, with only 5-15% serum concentration
compared to that of oral administration [29]. The most common side effects of topical
NSAIDs include skin reactions on the application site, including dermatitis, pruritus,
and rash, while systemic gastrointestinal and cardiovascular side effects are rare and less
common than after oral use [52]. A Cochrane review showed that gastrointestinal side
effects during topical application of NSAIDs are the same as in the placebo group [53].
The effectiveness of topical administration is also very good. According to the same
Cochrane review, after topical application of diclofenac or ketoprofen, 60% of patients
reported pain reduction by 50% [53]. However, a systematic review by Concoff et al.
demonstrated that topical NSAIDs have smaller effect estimates than acetaminophen,
intra-articular corticosteroids, and intra-articular hyaluronic acid regardless of molecular
weight [54]. Knowing that OA is a condition predominantly affecting the older population,
who is at higher risk of experiencing the side effects of prolonged NSAID use due to
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either underlying medical conditions or polypharmacy potentiating that effect, the reduced
side-effect potential is welcomed in this population [55,56]. However, caution should be
employed when co-administering oral and topical NSAIDs, particularly in patients who
have previously experienced NSAID-related side effects [57]. Guidelines are in unison
in their positive recommendation of topical NSAID therapy. The AAOS gave a positive
recommendation for the use of topical NSAIDs in the symptomatic treatment of knee
OA [8]. OARSI guidelines recommend topical NSAIDs as first-line treatment for pain relief
in knee OA, while the ACR/AF gave a strong recommendation for their use and suggested
they be used before oral NSAIDs [6,7]. ESCEO guidelines recommend topical NSAIDs to be
used before oral NSAIDs when optimal pain relief is not achieved by first-line SYSADOA
and acetaminophen [9].

5. Intra-Articular Injections
5.1. Corticosteroid Injections

Corticosteroids are a well-known group of drugs used to treat various inflammatory
conditions in almost every field of medicine. Physiologically, they are stress hormones that
bind to the glucocorticoid receptor and regulate multiple processes throughout the body
by modifying gene expression [58]. Injected corticosteroids treat a targeted location, such
as inflammation or pain caused by tendinitis or pain in the osteoarthritic joint.

A Cochrane review of intra-articular corticosteroid injections concluded that corti-
costeroids could offer moderate pain relief and a little improvement in physical function.
Intra-articular corticosteroids were shown to have a similar side-effect profile compared
to the placebo. The quality of evidence, however, was considered to be very low for all
results, since the analyzed study results were largely inconsistent and the evidence was
based on many small studies of poor quality [59].

Even though intra-articular glucocorticoid injections are widely used in clinical prac-
tice and have some effect in short-term joint pain improvement, studies are showing its
inferiority at 1 year after administration compared to physical therapy [60].

Although both methods show positive results regarding pain management and func-
tion improvement in patients with knee OA, treatment with intra-articular steroids before
physical therapy is not associated with additional benefits [61]. A study by O’Neill et al.
showed that corticosteroid injection into knee joints with magnetic resonance imaging
(MRI)-confirmed synovial thickening significantly reduces synovial tissue volume, which
is correlated with pain reduction [62]. In addition, with the corticosteroid effect wearing off,
an increase in both synovial tissue volume and pain recurrence was observed, indicating
the potential of repetitive treatment with intra-articular steroids for patients with confirmed
synovial inflammation. These results were reinforced by the findings of McCabe et al.,
who investigated the relationship between synovial fluid blood cell count and response to
therapy with intra-articular steroids, concluding that pain reduction is greater in patients
with a higher synovial white blood cell count [63].

However, intermittent injections of corticosteroids were not associated with long-term
pain reduction in a systematic review and network meta-analysis of long-term (>12 months)
trials by Gregori et al. [32]. Still, corticoids were the only intra-articular therapy option
(among hyaluronic acid and PRP injections) that had a statistically significant effect on
reducing pain compared to the intra-articular placebo according to Jevsevar et al. [34]. The
same study ranked intra-articular corticosteroids as the most promising therapy option in
reducing pain, with oral NSAIDs and other intra-articular options falling behind. Although
intra-articular corticosteroids are widely used as a short-term pain relief therapy option,
Saltychev et al. analyzed the magnitude and duration of their effect on pain severity in
knee OA. They reported mild to moderate pain reduction for up to 3 months after the
initial injection of corticosteroids. Results between corticosteroids differed from a strong
effect with betamethasone to statistically insignificant effects with triamcinolone [64]. Nev-
ertheless, a recent network meta-analysis claimed that extended-release corticosteroids
(triamcinolone acetonide extended-release injectable suspension) may provide an addi-
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tional clinical benefit over standard-release corticosteroids (triamcinolone, betamethasone,
hydrocortisone, methylprednisolone, and cortisone), but indicated the need for further
research comparing the two forms of corticosteroid injections with the placebo [65].

The guidelines again differ in their recommendation of intra-articular corticosteroid
therapy. ESCEO gave a weak recommendation for corticosteroids, only to be used when
patients have a contraindication for the use of NSAIDs or have insulfficient relief on NSAID
therapy, for short-term pain relief, suggesting also that a greater effect may be expected
in patients with higher pain intensity [9]. OARSI gave a conditional recommendation for
the use of intra-articular corticosteroids for short-term pain relief, with a good clinical
practice statement indicating an acceptable safety profile for patients with comorbidities [6].
The ACR/AF gave a strong recommendation for the use of intra-articular glucocorticoid
injections for short-term pain relief [7]. The AAOS was not able to give a recommendation
for or against the use of intra-articular corticosteroids in its 2013 guidelines [8]. Guideline
discrepancies should be considered when deciding on intra-articular corticosteroid therapy,
bearing in mind its chondrotoxic effect [66,67]. According to the available body of evidence,
intra-articular corticosteroids should be reserved for persistent pain in higher-grade OA,
as most guidelines agree, perhaps using other intra-articular options for short-term pain
treatment in younger individuals and those with low-grade OA.

5.2. Viscosupplementation (Hyaluronic Acid)

Hyaluronic acid (HA) is a molecule from the group of glycosaminoglycans. HA
properties vary based on its molecular weight and molecular structure, thus making it a
heterogeneous group of compounds rather than a single molecule. The main roles of HA
are lubrication of the joint and chondroprotection from mechanical damage [68]. Intra-
articular HA injections have an anti-inflammatory, mechanical, and analgesic effect and
also a positive effect on proteoglycan and glycosaminoglycan synthesis [69]. Intra-articular
HA application is a safe procedure, with only an increased risk of nonserious, transient
local reactions reported, as reported in a systematic review and meta-analysis involving
more than 8000 patients by Miller and colleagues [70]. In a systematic review by Altman
et al., repeated HA injections resulted in the retention or improvement of the positive
effects on knee pain, without increased safety risk, stressing the safety of repeated HA
injections as one of its advantages [68].

The quality of HA products has been improving in recent years. Thus, high-molecular-
weight HA (HMWHA) emerged, which was believed to have a better effect on the joint
than low-molecular-weight HA (LMWHA) [69]. This idea was confirmed by a systematic
review that showed a greater effect of hyaluronic acid compared to non-selective NSAIDs
and selective COX-2 inhibitors, but only when higher-molecular-weight hyaluronic acid
was used for the treatment of knee OA [54]. A systematic review by Altman and colleagues
studied the anti-inflammatory properties of intra-articular hyaluronic acid and found that,
in contrast to LMWHA, HMWHA possesses not only multivalent sites for CD44 bind-
ing but also interacts with toll-like receptor (TLR) and intercellular adhesion molecule-1
(ICAM-1) receptor signaling [71]. Using these mechanisms, HMWHA can downregulate
the expression of proinflammatory cytokines, matrix metalloproteinases, prostaglandins,
and nitric oxide, molecules responsible for joint inflammation through complex pathophys-
iologic mechanisms [35]. OARSI and ACR/AF guidelines do not comment on different
molecular weights of HA [6,7]. AAOS guidelines state that there are no observed differ-
ences for substances over 750 kDa, but HMWHA did show superiority over LMWHA in
the studies it analyzed [8]. ESCEO guidelines also commented that the analyzed studies
did show the inferiority of LMWHA and that cross-linked HMWHA is associated with
a higher occurrence of adverse events [9]. These observations and comments were not
included in the final recommendation of these guidelines [8,9].

According to a study by Bowman et al., there are some groups of patients who are
more likely to have better outcomes after hyaluronic injection treatment [72]. These are
patients with mild to moderate OA, patients older than 60 with moderate OA, and patients



Pharmaceuticals 2021, 14, 205

12 of 20

who had a positive response to the first injection. According to the same study, patients
who respond positively are less likely to undergo knee replacement. Still, Gregori et al.
reported no association of hyaluronic acid with long-term pain improvement in patients
with knee OA [32].

Although the AAOS could not recommend HA usage for patients with symptomatic
knee OA, OARSI gave a conditional recommendation for the use of intra-articular HA
for effects over 12 weeks after application, with a good clinical practice statement for
patients with comorbidities, while also indicating an acceptable and more favorable safety
profile than repeated corticosteroid injections [6,8]. The ACR/AF gave a conditional
recommendation against the use of HA in OA, due to a low symptom relief effect when
compared to the placebo in studies with a low risk of bias [7]. ESCEO gave a weak
recommendation for HA, only to be used when patients have a contraindication for the use
of NSAIDs or have insufficient pain relief on NSAID therapy [9].

A systematic review and meta-analysis by Miller et al. concluded that intra-articular
application of hyaluronic acid to the knee joint provides statistically significant, but not
clinically important, improvements in pain and knee function, but with a lower risk of
side effects compared to orally administered NSAIDs, which are positively recommended
by all professional societies” guidelines included in this article [73]. As the guidelines are
inconsistent regarding the use of HA in the treatment of knee OA, future research should
focus on patient inclusion criteria, particularly to the OA stage and pain levels. Bowman
et al. concluded that the application of hyaluronic acid has more effect when therapy
is carried out in patients with moderate pain [72]. On the same track were the results
of Nicholls and co-workers that demonstrated that intra-articular application of HA, in
comparison with the placebo, leads to significant pain reduction in patients with early
to moderate OA compared to when the same therapy is administered to patients with
end-stage OA [74]. The inclusion of a different patient profile in the studies, with different
stages of OA, together with inconsistent HA properties (molecular weight and structure)
across studies, can lead to deceptive results and erroneous conclusions regarding the effect
of HA therapy.

5.3. Biological Treatment
5.3.1. Platelet-Rich Plasma

Defined as a volume of plasma with a platelet concentration several times higher
than in peripheral blood, platelet-rich plasma (PRP) exerts its effect by locally releasing
chemokines, cytokines, growth factors, adhesive proteins, proteases, and other small
molecules. Based on the leukocyte and fibrin content, there are four general categories of
PRP: leukocyte-rich PRP (L-PRP), leukocyte-reduced PRP (P-PRP), leukocyte platelet-rich
fibrin, and pure platelet-rich fibrin [75]. Studies generally agree on the short- and medium-
term analgesic effect of PRP in knee OA; however, it is difficult to draw strict conclusions
regarding clinical results due to different modes of PRP preparation and application [76,77].
A recent literature review and meta-analysis including 33 studies on the effect of PRP in OA
demonstrated significant positive differences in the VAS, WOMAC, Knee Osteoarthritis
Outcome Score (KOOS), and International Knee Documentation Committee (IKDC) scales
when compared to HA and the placebo, while the VAS difference was not significant when
compared to corticosteroids. In pooled estimates, there was no statistically significant
difference noted for adverse events of PRP therapy compared to the control group (placebo,
HA, corticosteroids, and mesenchymal stem cells). Multiple injections were also shown to
be superior to a single injection, but this effect was only observed when three injections
were applied [78]. Similar results regarding the frequency of PRP injections were shown
in a meta-analysis by Vilchez-Cavazos and colleagues, where no difference in pain im-
provement was observed for single versus multiple PRP injections; however, there was a
significant difference in functional outcomes at 6 months’ follow-up for a triple versus a
single injection [79].
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These results are further reinforced by a Bayesian network meta-analysis of 30 studies
that demonstrated the superiority of PRP to HA, placebo, and corticosteroid injection for
VAS and WOMAC scores at 3, 6, and 12 months’ follow-up [80]. Two meta-analyses, of 12
and 10 studies, respectively, comparing the effects of PRP and HA, found that patients in
the PRP group showed a statistically significant difference in pain reduction (measured by
VAS and WOMAC pain scales) at 6 and 12 months’ follow-up, while there was no observed
difference for clinical outcomes measured by KOOS and other WOMAC scales [76,81].
Meta-analyses, including 20 and 15 studies respectively, comparing PRP to HA by Tang et al.
and Han et al. demonstrated a positive effect for both pain and function scores, and a meta-
analysis by Zhang et al. reported an improvement in the WOMAC function score at 12
months’ follow-up, while there was no significant difference between methods at 6 months
after the treatment [82-84]. A meta-analysis by Chen et al. found that WOMALC total scores
superiorly improved in patients treated with PRP compared with patients treated with
HA [85]. All of the conducted meta-analyses had a common result of statistically significant
pain reduction after PRP therapy compared to other intra-articular drugs commonly used,
in contrast to functional patient outcomes that have not been consistently reported. This
leads to a conclusion that PRP may be the best option for patients who present with pain
as the leading symptom for short- to middle-term therapeutic benefit and for patients who
present at an earlier stage of OA with mild symptoms [86]. The effect of PRP combined with
various other preparations or procedures is an interesting area of research that includes
combinations of PRP with stem cells or HA. A recent study observed the effect of treatment
with either a single PRP injection or a combination of PRP and hyaluronic acid injection in
78 patients with Kellgren—-Lawrence stage 2 OA [87]. It demonstrated that patients achieved
better pain relief at 1-month follow-up with a single injection, while the combination group
had greater VAS reduction at 6 months’ follow-up. There were no other differences between
the two groups, indicating that the combined approach could be the method of choice for
long-term pain relief in OA patients [87]. A meta-analysis by Zhao et al. demonstrated the
greater benefit of combined PRP and HA injection compared to single therapy for both pain
scores at 6 months’ follow-up and function at 12 months’ follow-up [88]. Superior benefits
of the combined therapy were corroborated in a systematic review and meta-analysis
by Karasavvidis et al., who concluded that patients treated with a combination of PRP
and HA had better clinical results for both pain and function (measured by VAS at 3, 6,
and 12 months’ follow-ups and 12-month WOMAC physical function and stiffness score)
compared to patients treated with HA only [89].

The possible therapeutic potential of PRP products in OA is not fully investigated
and used, and due to the heterogeneity of study methods with a high risk of bias, the
ACR/AF and OARSI guidelines strongly recommend against its use before these problems
are resolved in further studies [6,7]. The AAOS was not able to give a recommendation
for or against the use of PRP in its guidelines, and ESCEO did not include PRP in its
guidelines [8,9]. A recent systematic review and meta-analysis by Belk et al. was one of
many studies demonstrating undeniable clinical improvements of PRP treatment, but it
also discussed the leukocyte content in PRP injections. Although having a higher con-
centration of growth factors, leukocyte-rich PRP has more proinflammatory properties
than leukocyte-poor PRP, indicating the need for further research and product standard-
ization [90]. Even though numerous studies with a high level of evidence show excellent
clinical improvements in patients with knee OA treated with intra-articular PRP injections,
product characterization and dosage, as well as proper timing, treatment repetition period,
and application technique, need to be standardized for guidelines to consider including
PRP in OA treatment protocols.

5.3.2. Mesenchymal Stem Cells (MSCs)

Articular cartilage, the main affected tissue in OA, has a limited capacity for self-
renewal. Since OA is a complex pathophysiological entity involving the whole joint,
research efforts have been made to identify key regulating factors that could be used in the
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pharmacologic treatment of OA [35]. Because of their in vitro ability to differentiate into a
variety of cell types and their regenerative and immunoregulatory properties, MSCs have
attracted great interest in OA treatment. The persistence of mesenchymal stem cells was
first demonstrated in the bone marrow, after which their existence was also confirmed in
other tissues such as fat, peripheral blood, placental tissue, umbilical cord, synovial tissue,
and dental pulp [91]. Autologous bone-marrow-derived MSCs (BM-MSCs) and adipose-
derived MSCs (AD-MSCs), also frequently called adipose-derived stromal vascular fraction
(AD-SVF), are currently predominantly used for the treatment of knee OA (previously
cultured or directly isolated and applied), while other cell sources such as synovial or
allogeneic placental tissue require more testing to enter everyday clinical practice [92,93].

In the natural course of OA, intra-articularly applied MSCs accumulate in joints and
adjacent bone marrow lesions, suggesting their role in the response to joint injury, but the
mechanism by which stem cell therapy may be effective in OA remains unclear [94,95].
Nevertheless, MSCs are increasingly used in clinical practice, with reports of their benefits
regarding symptom relief and joint functionality [96-98]. However, a strong recommenda-
tion against the use of MSCs has been made in the ACR/AF and OARSI guidelines due
to the various methodology (discrepancies in tissue origins of MSCs, cell numbers, and
culture methods) and application strategies used in clinical studies that may influence
therapeutic effects and, therefore, the clinical response [6,7]. MSC therapy was not included
in AAOS and ESCEO guidelines [8,9].

Despite the negative recommendation by the key opinion makers, a number of clinical
and scientific efforts have been made in the research on MSCs in OA treatment in the past
10 years. A meta-analysis that included five randomized controlled trials (four with BM-
MSCs and one with AD-SVF) with 220 patients found a statistically significant reduction in
pain intensity analyzed by the VAS and the Lysholm scale, but no difference in WOMAC.
Functional outcomes analyzed by Lysholm and WOMAC scores demonstrated a significant
improvement with a standard mean difference of 0.53%. This analysis also indicated
that there were no differences in cartilage repair on an MRI examination [99]. Another
meta-analysis looked at randomized controlled trials (RCTs) examining culture-expanded
MSCs in OA treatment. It included a total of six studies (four with BM-MSCs, one with AD-
MSCs, and one with placenta-derived MSCs) and 203 patients and reported a statistically
significant reduction in pain symptoms measured by both the VAS and WOMAC. However,
it also did not find any significant difference in cartilage repair based on MRI analysis
or the whole-organ magnetic resonance score (WORMS) [100]. Another meta-analysis
by Ma et al. looked at 10 RCTs (4 with BM-MSCs, 3 with AD-MSCs, 1 with adipose-
derived mesenchymal progenitor cells (AD-MPCs), 1 with umbilical cord MSCs, and 1
with placenta-derived MSCs), excluding studies where there was a surgical intervention
additional to MSC application. Their results demonstrated a significant reduction in
perceived pain by the VAS and WOMAC and better stiffness, functionality, and total
WOMAC scores for patients randomized to MSC treatment compared to the controls.
They also reported increased cartilage volume in the MSC group; however, there was
no significant difference in WORMS [101]. These observations were further reinforced
in another meta-analysis including 19 studies (15 RCTs, 2 retrospective studies, and 2
cohort studies, of which 9 studies were with AD-MSCs, 5 with BM-MSCs, peripheral
blood stem cells in 1 study, and MSCs from a fetus in 4 studies) that found statistically
significant pain relief effectiveness measured by the VAS at 12 months” and KOOS and
WOMAC at 6 months’ follow-up. The included studies demonstrated no side-effects of
intra-articular MSC therapy [102]. In a systematic review and meta-analysis by Maheshwer
and colleagues including 25 studies, a different result was observed, as demonstrated by
no significant pain improvement, but a functional and cartilage volume improvement (0.66
and 0.84 standardized mean difference (SMD), respectively) [103]. They did, however, note
that the observed cartilage quality did not reach statistical significance in the analyzed
studies. The studies analyzed included different origins of mesenchymal stem cells, such
as synovial tissue (1 study), bone marrow aspirate (8 studies), adipose tissue (14 studies),
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peripheral blood (1 study), and human umbilical cord blood (1 study). The potential of
bias in the analyzed studies was high with 17 of 25 analyzed studies being graded as poor
or fair [103]. A broader systematic review including 17 studies (6 RCTs) using adipose
(6 studies with AD-SVFE, 2 with AD-MSCs), bone marrow (8 studies), and umbilical-cord-
blood-derived MSCs (1 study) offered the same conclusions in terms of patient-reported
pain and functionality outcome, with 15 of 17 included studies reporting this outcome.
Regarding cartilage repair, the results differed as 9 of 11 studies reported improved cartilage
state on MRI and 6 of 7 on a second-look arthroscopy [104]. A systematic review by di
Matteo and colleagues including 23 studies (10 studies used a bone marrow aspirate
concentrate and 13 studies used AD-SVF) assessed the studies by analyzing minimally
manipulated mesenchymal stem cells and found a significant short-term benefit observed
as an improvement in both pain and functional scores analyzed [105]. Follow-up times of
included studies ranged from 6 to 34 months for stromal vascular fraction (SVF) studies
and 24 days to 24 months for the bone marrow aspirate concentrate (BMAC). An included
study had a follow-up of 8 to 16 years, but its design was different from the other included
studies as it observed patients with osteonecrosis secondary to corticosteroid use. They
also found no significant side effects associated with MSC application. The methodology
of the analyzed studies was flawed as it included various adjuvant therapies to SVF,
such as PRP or HA, and also different methods of administration, therefore skewing the
exact effect of SVF on the analyzed outcomes and cartilage repair. Even though it did
not offer any recommendations as it demonstrated a lack of high-quality studies or a
straight clinical protocol being used, their study pointed out the short-term benefits of MSC
therapy [105]. These studies reinforce the current evidence of the short-term benefits of
MSC therapy for knee OA, with a side-effect profile that allows regular clinical intervention.
We believe it is important to emphasize that the conducted meta-analyses and systematic
reviews did report a high risk of bias in the examined studies and inconsistencies in study
protocols. Problems associated with MSC therapy include dosing, harvest site, the number
of delivered MSCs, and the characterization of delivered cell populations, as there is no
standard procedure that can answer these questions. Proper product characterization is
a step in the right direction for these procedures and should be performed to compare
the MSC application techniques delivered [106]. Therefore, we believe the future of MSC
research and therapy is to provide a method that is available to address these concerns and
demonstrate clinical effectiveness in a large multicentric RCT.

6. Conclusions

Non-operative OA treatment is an ever-growing research field with a common goal of
finding both the best symptomatic treatment and a disease-modifying treatment that would
slow down or altogether stop further development of OA. In clinical practice, patients
who present with OA are most commonly of older age, at which other comorbidities are a
factor that has to be included in the individual treatment algorithm, therefore making it
increasingly difficult to form universally applying treatment guidelines [107]. The guideline
development process includes thorough literature reviews and a general consensus among
physicians; therefore, discrepancies among guidelines are always expected. However, we
believe that a more frequent guideline revision protocol should be implemented as the
research pace in the field is great. In addition, the guidelines do not differentiate between
the treatment of early and late OA. Updating the guidelines in this sense could have a
positive effect in terms of slowing the course of the disease in many patients who have been
diagnosed with OA at an early stage, thus significantly reducing the degree of disability
as a consequence of late-stage OA. Furthermore, the research design should focus on
providing answers to questions posed in the guideline development process, such as the
heterogeneity of PRP and MSC procedures. New information gathered using this method
would provide better-quality evidence necessary to establish better treatment protocols for
knee OA.
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