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3.1 Introduction

Knee osteoarthritis has become a pandemic con-
dition in developed countries. Increasing in aging
of population, incidence of obesity, and sport
practice are the main factors contributing to its
huge increased in last decades. It has been esti-
mated that knee osteoarthritis affects 38—47% of
the population older than 60 years [1]. Therefore,
health and economic impact are relevant. For
example, it has been estimated that the economic
burden of treating a patient with knee osteoarthri-
tis is up to $5700/year, higher than cost of treat-
ment of conditions like hypertension [2]. In
addition, it is an important cause of disability and
early retirement, which has socioeconomic impli-
cations [1]. There is no treatment able to stop
osteoarthritis progression. Osteoarthritis treat-
ment includes conservative measures and surgi-
cal treatment. Conservative treatment includes
weight loss, physical therapy, patient education,
and non-steroidal drugs. Intra-articular injections
are an important part of conservative treatment as
well. However there are different options [i.e.,
corticosteroids (CS), hyaluronic acid (HA),
platelet rich plasma (PRP), ozone, etc.].
Therefore, it is important to know its differences
and indications to use the best option at each
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moment. In this chapter, we will focus in CS and
HA injections. Other intra-articular therapies will
be discussed in other chapters.

3.2  Corticosteroids (CS)
CS constitute the widest used intra-articular ther-
apy for osteoarthritis treatment and many other
orthopedic conditions [3]. Synthetic corticoste-
roids for intra-articular use are derivatives of
prednisolone, an analogue of human cortisol.
They are more potent than native cortisol, present
in natural form in human body. There are three
main types of corticosteroids for intra-articular
use derived of methylprednisolone: triamcino-
lone and betamethasone [1, 4]. These three, as all
non-soluble forms, have a depot effect, with pro-
longed action when injected intra-articularly [5].
They are similar in potency and usually provide
a safety profile, with an average duration between
1 and 8 weeks [6]. Caution should be taken when
injection is performed in diabetic patients, as
hyperglucemic spurts can occur. As triamcinolone
is less water-soluble, it has been proposed as a less
risky alternative for these patients [4].

3.2.1 Mechanism of Action

Both triamcinolone and betamethasone contain
esters. These characteristics require hydrolysis
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by cellular esterases to release the active princi-
ple. This is an advantage over non-ester prepara-
tion, as it last its duration [1].

The anti-inflammatory and immunosuppres-
sive effects of corticosteroids are well known,
either intra-articular or systemic. Once the main
principle is released intra-articularly, they alter
B- and T-cell function. They act at the nuclear
steroid receptors, inhibiting the inflammatory
cascade. This leads to inhibition of phospholi-
pase A2, its derivatives (like leukotrienes and
prostaglandins) and other inflammatory cyto-
kines (like matrix metalloprotease, neutrophil
superoxide) [7], while reducing vascular perme-
ability, accumulation of inflammatory cells, and
phagocytosis. This effect creates a new non-
oxidative environment, allowing to prevent carti-
lage degradation [5].

It has been described an increase of relative
viscosity of synovial fluid due to a higher hyal-
uronic acid concentration derived of intra-
articular injections of corticosteroids [7].

3.2.2 Administration and Clinical
Effects

CS injections are usually administered with local
anesthetics, like lidocaine, mepivacaine, or bupi-
vacaine [1]. To use one or other combination
depends on practitioner preferences. In our daily
practice, we prefer mepivacaine, as its onset of
action takes 5-10 min and in duration of effect
lasts for 3—4 h. When we use it as a complement
of surgical treatment [i.e., total knee arthroplasty
(TKA) periarticular injection] we prefer, to use it
in combination with a bupivacaine plus epineph-
rine combo, as the effect last more hours, while
diminishing bleeding [8].

Two main concerns have been proposed about
the use of corticosteroids in combination with
local anesthetics. The first one is related to pre-
cipitation/crystallization of the corticosteroid. In
a study leaded by Benzon et al., analyzing dilu-
tion with anesthetics of different forms of corti-
costeroids with confocal microscopy, they did
not find differences in crystals size or aggrega-
tion [9]. The second one is intra-articular admin-

istration with anesthetics. Although it has been
reported that intra-articular continuous infusion
of local anesthestics may lead to chondrolysis in
experimental environment [10], there is no clini-
cal evidence of this situation [11]. However, there
is some evidence about chondral injury in
repeated injections, with a cartilage loss of 0.7—
3% [12].

There are some factors affecting CS injection
effects. It has been observed that patients with
joint effusion and those with low to mild grade of
osteoarthritis are more prone to have a beneficial
effect of injection [13, 14]. Other conditions such
as obesity, sedentarism, and chronic medical
comorbidities are risk factors for a poor response
to CS [5, 15].

3.2.3 Response to Therapy and Side
Effects

Related to response to therapy, there is no evi-
dence about if the presence of effusion, signifi-
cant synovitis, or Kellgren-Lawrence grade is in
relation to response [16]. There is no evidence of
cartilage loosening at short-term follow-up as
well [17]. Patients should be advised about the
possibility of having flares few hours after injec-
tion and within the first 2-3 days. As with previ-
ously mentioned conditions, flares have no
relation with response [1]. Other local soft tissue
events like fat necrosis, skin depigmentation, or
cutaneous atrophy are rare, but the patient should
be advised before injection [4].

3.3 Hyaluronic Acid (HA)

HA has become the other main alternative of
intra-articular therapy for knee osteoarthritis
[18]. It is present naturally at the body, either in
connective tissues and synovial joints. In syno-
vial joints, it provides viscoelastic properties to
synovial fluid.

It is an essential component of proteoglycans,
helping to trap water intra-articularly. This is an
important function, to provide resistance to the
cartilage against compressive forces by increasing
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the amount of water of the cartilage matrix. It can
be avian-derived or, more frequently, produced
in vitro by bacterial fermentation. Avian-derived
formulations have the disadvantage of increased
inflammatory reactions [19].

3.3.1 Mechanism of Action

HA of synovial fluid of osteoarthritic knees is
lower in quantity and weight than in non-arthritic
joints [19]. One of the mechanisms proposed for
HA action is to restore the mean median weight
of HA present at the knee [20]. Higher molecular
weight HA has been reported to provide a better
profile of proteoglycan synthesis, joint lubrica-
tion, and viscoelasticity in comparison with low-
weight formulations [19]. In addition to
previously mentioned mechanisms, HA works at
osteoarthritis through several interrelated ways:
increase viscosity of articular fluid, decrease oxi-
dative stress, and inhibit phagocytosis [1]. HA
can reduce pain by inhibiting joint nociceptors by
blocking to stretching-activated mechanorecep-
tors. This block seems to be more effective in
case of high-weight HA [19].

3.3.2 Side Effects

HA do not exit the joint, so systemic effects are
inexistent [1]. However, there are some adverse
local reactions in 2—4% of patients [21]. These
adverse reactions include flares, granulomatous
inflammation, and a higher risk of infection in
comparison with corticosteroids [22, 23].
However, other works show no differences
regarding to side events in HA administration in
comparison with placebo [24].

3.3.3 Clinical Effects

HA administration has demonstrated to be an
useful alternative to improve pain, stiffness, and
physical function [25, 26]. Although there is no
chondro-regenerative effect once osteoarthritis
has begun, HA injections are able to delay need

for total knee arthroplasty for up to 2-7 years,
even in Kellgren-Lawrence grade IV knees [27,
28]. This improvement in pain and function is
accompanied by a beneficial effect at metabolism
of the articular cartilage, increasing water and
proteoglycans content [29]. For thus, although
there is no evidence of being chondro-
regenerative, it is admitted that HA is chondro-
protective and delay osteoarthritis progression.

In fact, a Cochrane revision of 2006 compar-
ing corticosteroids versus HA injections for knee
osteoarthritis demonstrated that, although the
effect of HA is lower to similar to corticosteroids
in the first weeks, HA is more effective in pain
relief after that period and effects remain more
time in comparison with corticosteroids injec-
tions alone [30].

However, although evidence favoring HA
effects is becoming higher, there are still some
concerns about its use. There are authors that not
see benefits of HA injections over corticoste-
roids. In fact, the American Academy of
Orthopedic Surgeons (AAOS) guidelines for
management of osteoarthritis of the knee do not
recommend its use in symptomatic patients [31].
Fortunately, increasing evidence of beneficial
effects of HA is becoming higher, and some dis-
cordant opinions have risen against AAOS guide-
lines in last years. In fact, adherence to AAOS
guidelines is modest in real practice, demonstrat-
ing that intra-articular therapy is still highly vari-
able [32, 33].

3.4  Authors’ Recommendations

We have seen along this chapter that evidence
remains controversial in many aspects of intra-
articular injections either with corticosteroids or
hyaluronic acid. However, strong evidence is
lacking for many therapies, and osteoarthritis of
the knee is quiet frequent and probably will
increase in the future. Although more studies are
needed to evaluate intra-articular injections ther-
apy, we would like to give some recommenda-
tions based on our daily practice. In our
Department, all patients with osteoarthritis of the
knee are encouraged to lose weight, strengthen
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quads, and do formal physical therapy. If it is not
enough to control symptoms and osteoarthritis is
diagnosed by X-rays, we start injection therapy
in order to avoid or delay surgery as much as
possible.

We initially indicate CS injections. We admin-
ister a combination of high-volume low-
concentration of CS and anesthetics. Our
preferred CS is bethametasone, as it is a non-
soluble particle, with depot effect. We use it with
mepivacaine 2% in a fulfilled 10 cm® syringe.
Our preference is to inject it directly intra-
articular through the anterolateral arthroscopic
portal. If there is any periarticular pain or swell-
ing (typically pes anserinus tendonitis), we inject
it as well with a small dose of the combination.
We have observed that combined injection of
intra-articular and pes anserinus is very effective
in terms of pain relief and increasing function,
especially with stairs. Intra-articular effusion
should be drained as well if present. We usually
try one injection and wait at least 2-3 months to
observe the effect [34]. If pain relief has been
incomplete, we repeat the CS injection. We rec-
ommend not to exceed three injections in a year.

If it has not been effective, we try HA injec-
tion. Regarding to HA injection, we prefer bacte-
rial fermentation origin HA. We use a high-weight
HA, as there is some evidence of being more
effective than low-weight HA for the treatment of
knee osteoarthritis. As we have commented
before, we usually perform a corticosteroid injec-
tion before HA injection. Sometimes we combine
it at the same time, in a totally empiric way that
seems to be backed by recent literature [35].

3.5 Conclusions

We have observed that combination of HA plus
CS can be useful to obtain a good early pain relief
(CS effect is quicker than HA) while avoiding
some of adverse early effects of HA (mainly pain
and articular effusion). If HA has been effective,
we repeat it twice a year. We try HA injection in
all patients before affording the possibility of
TKA. However, it is not well established which
patient will be more benefitted of HA injection.

We have observed, accordingly to the literature,
that response is better and more frequent in low
to mild osteoarthritis. However, some patients
with severe osteoarthritis experiment improve-
ment with HA, many of them delaying or even
avoiding surgery for years.
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