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Abstract
Purpose of Review  Osteoarthritis (OA) of the knee is a common disease with associated direct and indirect costs having a 
significant societal impact. This review is conducted to discuss various treatment options for knee OA, highlight the most 
recent evidence regarding efficacy, and devise clinical recommendations to meet the needs of the patients.
Recent Findings  Pharmacologically, options tend to be limited. Simple analgesics such as acetaminophen and nonsteroidal 
anti-inflammatory drugs are widely used, with efficacy and safety being questioned. Mild opioids can be considered, although 
strong opioids are discouraged and need to be incorporated with great caution. Therapeutic exercises and weight loss have 
been the cornerstone of knee OA management. Symptomatic relief can be achieved with intra-articular steroids, hyaluronic 
acid, and orthobiologics injections as well. More recently, genicular nerve neurotomy has been introduced to the treatment 
algorithm and shown promising results, although some refinement of the technique is likely needed in the future.
Summary  A proper and astute approach is adopting a comprehensive treatment program encompassing multimodal and 
multidisciplinary modalities. Future direction should focus on the clinical success of such effort in terms of pain and function 
improvement, patient satisfaction, and reduction in a financial burden to the health care system.
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Introduction

Pathogenesis of osteoarthritis (OA) is a complex process 
involving multiple factors rather than a simple byproduct 
of overuse. The intricate interplay of various inflammatory 
mediators causes cartilage degradation, synovitis, subchon-
dral sclerosis, and meniscal degeneration leading to pain and 
functional limitations [1]. With the population aging and 
facing more obesity, OA is a serious public health concern 
with major financial implications. It is estimated that over 

560 million people live with knee OA worldwide, and the 
cost to the healthcare system exceeds $27 billion annually 
in the USA [2]. A wide range of treatment modalities is 
available with varying degrees of success, yet many will ulti-
mately require surgical interventions. The following article 
will discuss various pharmacological and non-pharmacolog-
ical methods to manage painful knee OA.

Conservative Management for Knee OA

Exercise

A structured exercise program is a first-line treatment for 
knee OA supported by strong evidence for effectiveness and 
safety [3–5]. There are many forms of structured exercise 
programs, such as land-based therapy, aquatherapy [6], or 
mind-body exercise [7].

Most land-based therapy focuses on strengthening and 
stretching exercises of lower limbs, including the quadri-
ceps, hip abductors, and hip adductors, to reduce compres-
sive load at the knee joint by modifying the kinetic chain 
and reducing valgus or varus stress [8]. Balance training, in 
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addition to a standard therapy regimen, has also shown pain 
relief and fall prevention [9]. Combining aerobic exercise, 
regardless of modes of exercise, also provides additional 
pain relief and functional improvement [10]. Aquatherapy 
has moderate quality evidence in pain reduction and func-
tional improvement [11]. It is often done in heated water 
(32°C to 36°C), which helps to reduce pain and stiffness 
during exercise. Reduced joint loading due to the buoyancy 
of water is also advantageous to focus on strengthening with-
out aggravating the pain [12] and is beneficial, especially for 
patients with arthritis in multiple joints. Mind-body exer-
cises (Tai Chi or Yoga) can be considered a non-traditional 
land-based therapy option. Unlike a traditional program, 
mind-body exercises highlight the importance of psycho-
logical well-being. They are recommended as core treatment 
by Osteoarthritis Research Society International (OARSI) 
guideline and have shown promising results in pain relief 
and functional improvement [3, 13].

While they all showed improvement in pain and function, 
there is no strong evidence showing one is superior to the 
others, and optimal exercise protocol for knee OA is yet to be 
determined [6, 10, 14••, 15], hence combining different types 
of exercises based on individual conditions and preferences.

Braces and Orthoses

Knee braces or foot orthoses are often prescribed by physi-
cians as an adjunctive treatment or requested by patients. It 
is hypothesized to reduce valgus or varus stress at the knee, 
stabilize the knee by providing external support, or improve 
proprioception. A medial unloader brace or lateral wedge 
insole is used to reduce loading at the medial compartment 
by creating a valgus effect at the knee. A lateral unloader 
brace or medial wedge insole is used to reduce stress at the 
lateral compartment via varus effect at the knee. A hinged 
knee brace and neoprene sleeve are thought to stabilize the 
knee [16]. However, only limited evidence is available to 
support their effectiveness [16]. Generally, compliances for 
knee braces are low compared to foot orthosis, and one study 
showed a 28% compliance rate for knee orthosis after the 
first year [16, 17].

Weight Loss

Weight loss is also one of the first-line treatments, along with 
structured exercise and topical NSAIDs recommended by 
OARSI and ESCEO [3, 4]. Many studies have shown that 
over 10% bodyweight reduction led to functional improvement, 
pain relief, and slower cartilage deterioration [12, 18, 19]. One 
study reported a reduction of 2.2 kg of joint loading with every 
1 kg of weight loss [20].

Pharmacological Treatment

Pharmacological management to treat painful knee OA is 
harshly challenging since options for analgesics are scarce, 
and treating knee OA pain may necessitate chronic daily 
use of them. A long-term administration of these agents 
may be impossible due to adverse effects on multiple organ 
systems and physical dependency in the case of opioids. 
However, they can be beneficial and sometimes required, 
especially during periods of flare-ups.

Evidence for acetaminophen is poor, although it is con-
sidered the safest option. In a double-blinded randomized 
control trial, acetaminophen at 4g/day failed to show 
improvement in knee OA pain or function compared to 
placebo [21]. The Cochrane review in 2019 found that par-
acetamol provides only minimal improvements in pain and 
function for people with knee OA that are clinically insig-
nificant and calls for a reconsideration of its position as a 
first-line agent [22]. However, acetaminophen may have 
synergistic effects when combined with other medications 
and still commands an important role in treatment strategy.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are another 
common and widely utilized analgesics. They work by inhib-
iting the action of cyclo-oxygenase (COX) enzymes and are 
classified based on the inhibition of either selectively COX-2 
or non-selectively COX-1 and COX-2 enzymes. Evidence sug-
gests this class of medications can provide significant pain relief 
and improve function. However, the main consideration is the 
safety profile. NSAIDs are associated with gastrointestinal and 
renal complications as well as an increase in cardiovascular 
risks. Therefore, careful consideration is warranted based on 
each individual’s underlying condition. Alternatively, topical 
formulations are available and considered to be a safer option.

In the era of the opioid epidemic, its use in treating 
chronic pain, such as painful knee OA, is strongly discour-
aged due to the development of tolerance and dependency. 
Also, the evidence suggests that benefit of opioids is mini-
mal and clinically insignificant. Opioids are considered 
either strong or weak based on their potency. Weak opioids 
include codeine and tramadol, while strong opioids are 
agents like morphine, hydromorphone, fentanyl, oxyco-
done, and hydrocodone. Tramadol has a unique property 
of modulating spinal norepinephrine and serotonin levels 
in addition to being a weak opioid agonist, and it is condi-
tionally recommended by the American College of Rheu-
matology in their latest guidelines [23]. Before chronic 
opioid therapy is initiated, it is critical that alternative 
options have been exhausted, the risks of such therapy 
are fully explained, and close monitoring of side effects, 
proper use, and aberrant behaviors are in place.

Supplements such as fish oil, vitamin D, bisphosphonates, 
and glucosamine are not recommended, given the lack of 
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quality studies showing efficacy. In general, it is challeng-
ing to treat knee OA pain with pharmacological agents 
alone. They should be considered adjuncts to other treat-
ment modalities. Also, its use should be personally tailored 
based on clinical presentations.

Corticosteroid Injection

Intra-articular corticosteroid injections (IACIs) are com-
monly performed to treat knee OA pain when refractory to 
other conservative treatments. The mechanism by which 
corticosteroids achieve pain relief is complex, but the main 
action is likely due to the anti-inflammatory effect, as well 
as a potential increase in the viscosity of intrinsic hyaluronic 
acid [24]. Evidence for IACIs improving pain and function 
short-term is robust, although the long-term benefit is more 
questionable. A meta-analysis of 23 studies found that IACI 
reduces pain and improves function short-term (6 weeks) 
[25••]. However, the difference between the treatment and 
control groups waned after that period. Another meta-anal-
ysis showed similar results. IACIs provided more pain relief 
relative to intraarticular hyaluronic acid in the short-term 
period (1 month) but found hyaluronic acid injection to be 
more efficacious in the long-term (6 months) [26].

Injections are performed using either a landmark-based 
or image-guided technique. The accuracy of landmark-
guided injection is highly contingent on the approach and 
experience of performing physicians and is variable. One 
randomized trial found the modified anterolateral approach 
had a higher accuracy rate relative to the standard superolat-
eral injection (89% vs. 58% p < 0.05) [27]. The ultrasound-
guided technique is gaining more popularity as multiple 
studies show increased accuracy and efficacy. Ultrasound 
guidance was shown to have 48% less procedural pain com-
pared to landmark-based (p < 0.001) and improved outcomes 
at 2 weeks [28]. Additionally, a meta-analysis of 12 clini-
cal trials found ultrasound-guided injections to be superior 
across every anatomical needle injection site compared with 
blind injections [29]. Another frequently used equipment 
for image guidance is fluoroscopy. Although there are not 
many clinical trials comparing ultrasound- and fluoroscopic-
guided knee injections, a meta-analysis that compared the 
accuracy of the two methods used in glenohumeral joint 
injections found no significant difference, concluding ultra-
sound-guided injections as the preferred modality due to 
lack of radiation exposure [30].

Available corticosteroids for IACIs are methylpredniso-
lone, triamcinolone, dexamethasone, betamethasone, pred-
nisolone, and hydrocortisone, which can be classified by the 
solubility and duration of action. Hydrocortisone is the most 
soluble, followed by methylprednisolone, prednisolone, tri-
amcinolone acetonide, and triamcinolone hexanoate [31]. 

The estimated average duration of action of betamethasone 
is 9 days, methylprednisolone 7–84 days, triamcinolone ace-
tate 14 days, and triamcinolone hexacetonide 8–90 + days 
[31]. When comparing single-dose injections of methylpred-
nisone, betamethasone, and triamcinolone, they all had posi-
tive results on pain and function, but the benefit gradually 
decreased over a period of 12 weeks [32]. Additionally, they 
found methylprednisone to be a statistically more effective 
analgesic relative to the other agents at week 6 [32].

The two most commonly used corticosteroids clinically 
are triamcinolone and methylprednisolone. They are much 
preferred since their branched esters reduce the solubility 
of compounds, thus allowing them to remain in the joint 
space longer [31]. However, even though triamcinolone has 
a lower solubility relative to methylprednisone, an RCT 
comparing these two agents found methylprednisone to 
have longer-lasting effects, thus proving lower solubility 
does not always correlate with more sustained effects. In 
this study, triamcinolone was found to have quicker onset 
relative to methylprednisolone at week 3, but its effect was 
lost by week 8. Conversely, methylprednisolone had a slower 
onset of action but continued to show benefit at week 8 [33]. 
Another randomized trial that compared the efficacy of tri-
amcinolone hexacetonide and methylprednisolone acetate 
found both formulations to be equally effective, and the 
improvement in pain and function can be sustained for up 
to 24 weeks [34].

IACIs are considered to be safe when the proper aseptic 
technique is followed. Some reported complications include 
infection, injection site pain, skin pigmentation, and skin or 
fat atrophy [31]. Septic arthritis is the most serious compli-
cation but rarely occurs. One retrospective cohort study of 
22,370 intra-articular injections had only 11 patients devel-
oping septic arthritis (0.08%, 95% CI 0.03–0.12) [35]. Oste-
onecrosis has also been noted in just weeks to months after 
intra-articular injection of cumulative doses of 80–160 mg 
of methylprednisolone [36].

However, a more clinically relevant consideration should 
be the systemic side effects of corticosteroids. Hypergly-
cemia is most often observed and perhaps consequential 
for diabetic patients. A systematic review of 7 prospective 
observational studies that investigated the effect of IACIs in 
various intra-articular spaces on glucose levels in diabetic 
patients found a significant rise in glucose levels compared 
to the baseline [37]. One case series (n = 9) that investigated 
the effects of intraarticular knee injections in patients with 
controlled diabetes found increased blood glucose levels 
following an injection that lasted up to 5 days, which is in 
concordance with the duration of measurable serum meth-
ylprednisolone levels [38]. This effect is further explained 
by diabetics having significantly reduced cytochrome p450 
3A4 expression leading to decreased clearance of glucocor-
ticoids [39].
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Studies have found IACIs to cause immunosuppression, 
ultimately increasing the risk of infection. One retrospective 
study that investigated the association between intra-articu-
lar injections and influenza vaccine effectiveness found that 
vaccinated patients that received an IACI were at increased 
risk for developing influenza compared to the vaccinated 
control group [40]. Therefore, special consideration is war-
ranted for those at risk. As far as infection risk to patients 
undergoing total knee arthroplasty, evidence indicates the 
risk is greater in patients who received intra-articular injec-
tions within the last 3 months before surgery compared to 
the control group, while there was no significant difference 
beyond that period [41]. Commonly accepted practice is to 
delay surgery for 3 months following an IACI.

Lastly, IACIs are thought to accelerate the degeneration 
of cartilage, although evidence is somewhat conflicting. One 
study found no difference between treatment and placebo 
groups in joint space changes over two years of follow-up 
[42]. Another RCT, however, found significantly greater 
cartilage loss measured by MRI in patients who received 
2 years of intra-articular triamcinolone compared to those 
that received intra-articular saline [43]. Therefore, IACIs 
should be performed judiciously only when needed rather 
than being established as a routine part of a treatment plan.

IACIs are considered to be safe and effective in treating 
painful knee OA, especially short-term. It is certainly an 
essential part of the treatment algorithm. Proper techniques 
and image guidance may improve safety and efficacy while 
carefully considering the side effects and potential complica-
tions when such therapy is offered.

Viscosupplementation

An alternative agent to corticosteroids for knee IACI is 
hyaluronic acid (HA) which can act as a lubricant or shock 
absorber by increasing the viscoelasticity of synovial fluid 
[44]. HA is an intrinsic component of the synovial fluid and 
cartilage. In addition to providing a cushion between the 
bones, it serves as a pathway for cell migration, especially 
for the chondrocytes, perhaps enhancing their proliferation 
and differentiation [45]. During a degenerative process, the 
quality and quantity of HA are compromised by diminished 
production, rapid fragmentation, and dilution by exces-
sive effusion. It has been shown that the concentration and 
molecular weight of HA are decreased by 33% and 50%, 
respectively [46]. Therefore, its ability to protect the knee 
from mechanical stress is lessened, resulting in further 
inflammation and pain. The poor quality of HA is a key fac-
tor in the degeneration cascade.

The exact mechanism of exogenous HA in reducing pain 
is incompletely understood. The two most accepted concepts 

are HA restoration and anti-inflammatory action. Exogenous 
HA has been shown to improve the function of synovial fluid 
in terms of lubrication and stress distribution [47]. Anti-
inflammatory effects are shown to be achieved by inhibition of 
phagocytosis by acting as a physical barrier, reducing inflam-
matory factors such as prostaglandins and fibronectin, and 
improving leukocyte function [48, 49]. More recent studies 
suggest a potential role of exogenous HA modifying disease 
progression of OA. Intra-articular HA has been shown to sup-
press chondrocyte apoptosis by reducing nitric oxide produc-
tion, which is associated with chondrocyte death, and inhibit 
the enzymatic degradation of proteoglycan structure [50].

Many HA products are available and classified by mate-
rial source, number of required treatments, and production 
technique, but the main differentiating factor is the molec-
ular weight in terms of efficacy comparison. Hylan g-f20 
(Synvisc and Synvisc-One) is derived from rooster comb 
and unique in its own class in terms of higher molecular 
weight (6000 kDa) [51]. Another group of HA prepara-
tions is sodium hyaluronate (SH) which is a salt form of 
HA. Many products within are Durolane, Hyalgan (high 
molecular weight), Euflexxa, Gelsyn (intermediate molecu-
lar weight), and Supartz (low molecular weight). SH shows 
additional anti-inflammatory action that may enhance anal-
gesia. Lastly, formulations derived from hyaluronan include 
Orthovisc, Monovisc, and Hymovis [52]. Hyaluronan is a 
high molecular weight extracellular matrix, when injected 
into a knee, increases the viscoelasticity of synovial fluid, 
and modulates inflammatory reactions by suppressing gene 
expression and inhibiting cell migration and adhesion [53].

The clinical outcome of viscosupplementation varies so 
widely that it is difficult to draw a conclusion at the cur-
rent time. Among different products, there is some evidence 
that the higher molecular weight formulations are superior 
to the ones with lower molecular weight [54]. When com-
paring single-injection HA to multi-injection products, the 
efficacy seems equivocal [55]. In a 2006 Cochrane Review, 
the authors suggested that viscosupplementation is superior 
to placebo, showing benefits in pain, function, and global 
assessment [56]. In a recent systemic review of randomized 
trials comparing HA injections and oral NSAIDs, HA 
injections showed statistically significant improvements in 
knee pain and function while having fewer adverse events 
[57]. However, just as many conflicting evidences exist as 
Rutjes et al. showed in their systemic review that viscosup-
plementation is associated with only small and clinically 
insignificant benefit [58]. Guidelines from various clinical 
societies also do not strongly support the use of viscosup-
plementation. While the American Academy of Orthopaedic 
Surgeons and Osteoarthritis Research Society International 
offer negative and uncertain recommendations, respectively, 
the American College of Rheumatology gives no recom-
mendations on the use of HA [59–61].
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Data from meta-analyses and systemic reviews are con-
tradictory, and the current guidelines are uncertain at best. 
In addition, the types of HA agents, treatment numbers, and 
production mechanisms are immensely variable, so it is dif-
ficult to devise a consensus on the use and benefit of HA. 
However, it possesses properties that may counteract the 
degenerative process of an arthritic knee, provides physi-
cal support against mechanical stress, and certainly gives 
an alternative treatment option to manage knee OA without 
serious consequences.

Orthobiologics

As we learn more about the importance of cytokines and 
growth factors in the pathogenesis of OA, “Orthobiologics,” 
often called regenerative medicine, have been gaining popu-
larity as an alternative to IACIs or viscosupplements as they 
are believed to slow down disease progression by interven-
ing with inflammatory pathways of these cytokines. [62]. 
Orthobiologics include but are not limited to, platelet-rich 
plasma (PRP), bone marrow concentrate (BMAC), and mes-
enchymal stem cells (MSC) [63].

PRP is an autologous mixture of supraphysiologic 
concentration of platelets, associated growth factors, and 
cytokines, prepared by centrifuge of whole blood. PRP has 
been shown to affect the entire joint environment. Growth 
factors from PRP increase chondrogenesis and mesenchy-
mal stem cell recruitment and differentiation by promoting 
matrix synthesis, cell growth and migration, and facilitat-
ing protein transcription. PRP also reduces inflammatory 
process and restore anabolic and catabolic balance in carti-
lage formation [64]. PRP can be further classified based on 
the dose of injected platelet (calculated by multiplying the 
platelet concentration in PRP by the volume of PRP), purity 
(pure, leukocyte-rich, leukocyte-poor), efficiency (percent-
age of platelet recovered in the PRP from the blood), and 
activation process (addition of calcium chloride or autolo-
gous thrombin) [64, 65].

PRP injection has shown significant clinical improvements 
in pain reduction, improved symptoms, and quality of life up 
to 12 months after PRP injection, supported by many level 
I clinical trials in all stages of knee OA [63, 64]. In many 
studies, PRP showed better outcomes compared to HA or pla-
cebo in Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) scores and pain [63, 64]. There is limited 
evidence comparing PRP versus corticosteroid or between 
different purity PRPs. Despite the apparent benefit of PRP in 
knee OA, the optimal protocol, such as frequency, number of 
injections, or concentration, is yet to be determined.

The main difference between blood-derived forms such as 
PRP compared to stem cells (e.g., BMAC and adipose-derived 

MSC) is that the former stimulates pre-existing chondrogenic 
proliferation and differentiation by regulating intra-articular 
environment when the latter directly injects stem cells that 
have potential to differentiate into chondral tissue [66••]. 
Similar to PRP, stem cells also have paracrine and immune-
modulating effects through growth factor and cytokine release 
[67]. Dulic et al. published a randomized controlled trial com-
paring clinical outcomes of BMAC, PRP, or HA in knee OA 
treatment. In 12 months, the BMAC group showed superior 
results in WOMAC, KOOS (Knee injury and Osteoarthritis 
Outcome Score), KOOS pain, and IKDC (International Knee 
Documentation Committee) scores [68]. While existing lit-
eratures supporting potential benefits of BMAC and adipose-
derived MSC are fast-growing, the number of studies is far 
fewer than PRP and lacks high-quality trials.

Genicular Nerve Neurotomy/Radiofrequency 
Ablation

The first genicular nerve (GN) radiofrequency ablation (RFA) 
technique for treating painful knee OA was described by Choi 
et al. in 2011 [69]. Since then, it has been adopted by many 
practitioners, and substantial advancements in technique also 
have been made. Different types of ablation modalities, includ-
ing thermal, cooled, and bipolar RFAs, are reported and avail-
able. In terms of image guidance, fluoroscopy and ultrasound 
provide benefits of precise target location but come with their 
own intrinsic limitations. Overall, GN RFA is gaining increas-
ing attention due to its versatility, resulting in less pain and 
improved function without altering the physiology of the knee.

GN RFA is performed by targeting the nerves innervat-
ing the anterior knee joint capsule, the most common ones 
being the superior lateral genicular nerve (SLGN), superior 
medial genicular nerve (SMGN), and inferior medial genicu-
lar nerve (IMGN). When a needle tip lies in close proxim-
ity to the targeted nerve, an inserted electrode delivers a 
high-frequency current that results in complete denatura-
tion of tissue by heating the surrounding tissue at 80-degree 
Celsius. While this poses a potential for surrounding tissue 
injury resulting in periarticular hematoma, damage to ten-
dons, and skin injury, the reported complications from GN 
RFA are rare and considered safe [70].

A single-blind randomized control trial by El-Hakeim 
et al. reported that the conventional RFA group had a sig-
nificant reduction in VAS score (3.13 vs. 5.73) and mean 
WOMAC scores (33.13 vs. 43.5) at the 6-month follow-up 
[70]. In a recent meta-analysis of randomized controlled 
trials, Liu et al. showed that the traditional RFA group com-
pared to the control resulted in a significant reduction in 
pain score and improvement in knee function at 1–2 weeks, 
4 weeks, 12 weeks, and 24 weeks [71]. Cooled RFA shows 
similar positive results in multiple randomized control 
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trials. Compared to IACIs, 74.1% of cooled RFA subjects 
reported greater than 50% pain relief versus 16.2% in the 
injection group at 6 months [72]. Against HA injection, in 
a multicenter randomized trial, Chen et al. reported that 
71% of cooled RF participants had a 50% reduction in NRS 
pain score while 38% of the HA group achieved the same 
results [73].

The evidence for GN RFA generally seems favorable. 
However, some inconsistencies surrounding proper target 
location and the number of nerves required to treat exist and 
need to be discussed further. The traditional targets using 
fluoroscopy initially described by Choi et al. have been chal-
lenged recently based on more sound anatomical studies [74, 
75]. Also, techniques using ultrasound guidance have been 
described. Unlike fluoroscopy, ultrasound has the advantage 
of visualizing vascular structures, which may improve the 
safety of ablative procedures [76].

A recent anatomical study by Kim et al. illustrated that 
more than 3 conventionally ablated nerves have innervation 
to the knee [77]. In fact, some studies suggest as many as 10 
nerves supply the anterior knee joint [75]. More recently, 
Fonkoue et al. showed that targeting additional nerves as in 
the recurrent fibular nerve and infrapatellar branch of the 
saphenous nerve resulted in greater pain relief and more 
number of subjects reporting greater than 50% pain reduc-
tion after diagnostic nerve blocks [78•]. While it is unknown 
whether ablation of more nerves would result in greater pain 
relief or even logistically possible, it certainly calls for fur-
ther evaluation in the future refinement of GN RFA.

Conclusion

As the development of painful knee OA is complex, so is 
its treatment. The main goal of therapy should be focused 
on improving pain and function while decreasing disease 
progression. A successful outcome is dependent on many 
factors, including patient compliance, appropriate treatment 
algorithm, and proper expectation management. There is no 
one best modality for all patients with knee OA. It is likely 
that all available methods are applied in concert to achieve 
the best results. A synergistic multimodal and multidiscipli-
nary approach is essential and perhaps the only way to meet 
the needs of knee OA patients presenting with a broad range 
of disease severity, symptoms, and expected progression.
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