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Abstract

What is known and Objective: Osteoarthritis (OA) is a common cause of joint

disease and activity limitation in adults. Common therapies to treat OA-related pain

are oral and topical non-steroidal anti-inflammatory drugs (NSAIDs) and intra-articu-

lar (IA) corticosteroids. However, prolonged courses of oral NSAIDs are associated

with systemic adverse effects and repeat IA corticosteroid injections may cause carti-

lage degeneration. IA NSAIDs may be an alternative therapy possibly minimizing sys-

temic side effects while maintaining efficacy. Therefore, we sought to summarize the

pharmacokinetics, safety and efficacy of IA NSAIDs to help providers make a more

informed decision on the use of IA NSAIDs.

Methods: We searched the National Library of Medicine Database with terms

“intraarticular and nsaid”, yielding 1032 results. Only traditional formulations of

NSAIDs were considered for inclusion. Animal studies were included if animals were

healthy or if the method of arthritis induction was a reasonable model of osteoarthri-

tis. Human studies were included if humans were healthy or if the primary disease

studied was osteoarthritis of a large joint. Of 1032 results, 31 research articles met

the inclusion criteria and were summarized in this review.

Results and Discussion: We found that single doses of IA NSAIDs provided far less

total systemic and synovial exposure compared to a one week course of oral NSAIDs,

but maximum concentrations to the synovium with IA administration were much

higher. IA NSAIDs had an excellent safety profile in small animals, large animals and

humans, although these injections were associated with non-specific cartilage inflam-

mation in healthy animals. In animal models, IA NSAIDs had similar efficacy to PO

NSAIDs in treating OA-related pain. In humans, IA NSAIDs had similar efficacy to PO

NSAIDS and IA corticosteroids in treating OA-related pain; however, many trials did

not have a placebo control and outcome measures were heterogeneous.

What is new and Conclusion: Overall, single doses of IA NSAIDs appear safe and

efficacious across animals and humans. The optimal use of IA NSAIDs is still to be
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determined and further research is needed. However IA NSAIDs may be an additional

beneficial therapy to treat OA-related pain. Potential uses may be to augment IA cor-

ticosteroids injections, to interrupt multiple IA corticosteroid injections or as an alter-

native in patients that are high risk for corticosteroid-related adverse events.
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anti-inflammatory agents, non-steroidal, injections, intra-articular, osteoarthritis, sports
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1 | WHAT IS KNOWN AND OBJECTIVE

Osteoarthritis (OA) is the most common form of arthritis and

among the most common conditions affecting a large proportion of

the USA population with increased risk with age.1 Given current

trends, estimates suggest that up to one in four USA adults will

have some form of arthritis and by the year 2040, the total could

reach 78 million people.2 OA also carries with it significant eco-

nomic burden estimated to be as high as $81 billion annually.3

Additionally, military populations and other young highly active

populations are exposed to multiple potential risk factors for earlier

development of OA which, further highlighting the need for safe

and effective treatment.4

Non-steroidal anti-inflammatory (NSAIDs) is among the most

commonly used medications and one of the mainstays of treatment

for OA.5 NSAIDs are a large class of compounds that can be catego-

rized in different ways to include via chemical structure, target selec-

tivity and pharmacokinetic characteristics. NSAIDs are weak acids,

highly protein bound with small volumes of distribution and include

salicylic acid derivatives (aspirin), aryl acetic acid derivatives

(ibuprofen, naproxen), indole acetic acid derivatives (indomethacin),

anthranilic acid derivatives (diclofenac) and enolic acid derivatives

(meloxicam).6 All NSAIDs prevent the conversion of arachidonic acid

into prostanoids to include prostaglandin, prostacyclin and thrombox-

ane via inhibition of the cyclooxygenase pathway. Although NSAIDs

inhibit both isoforms of cyclooxygenase (COX-1, COX-2), the extent

of inhibition varies based on the selectivity of the NSAID. The most

commonly used NSAIDs including naproxen, diclofenac, aspirin and

ibuprofen non-selectively inhibit both COX-1 and COX-2 while

celecoxib and meloxicam are capable of inhibiting both COX enzymes

but with a five to 50 time preferential selectivity for COX-2.7 COX-1

is expressed in most tissues and is involved in a wide variety of func-

tions to include protecting the gastric mucosa, regulating renal blood

flow and regulating vascular homeostasis. The constitutive expression

of COX-2 is limited to fewer tissues but its expression increases dra-

matically during the inflammatory process while at baseline, it plays an

important role in vascular homeostasis.

While oral use of NSAIDs is by far the most common route

of administration, both topical application and intra-articular

(IA) injections of NSAIDs have become more common in a variety of

settings both in order to presumptively increase NSAID concentration

in the target tissue as well as potentially reduce more broad systemic

exposure in order to lower the risks of known gastrointestinal, cardio-

vascular and renal adverse effects of the compounds.8 One such com-

mon application is post-operative analgesia, in particular for

arthroscopy. Despite these clinical applications, of note, to our knowl-

edge, there is no NSAID currently Food and Drug Administration

(FDA) approved for IA injection. Corticosteroids are FDA approved

for IA injection to treat OA-related pain. However, IA joint corticoste-

roid injections are limited in their duration of use and carry the poten-

tial for additional adverse events.9 Given their frequency of use, there

are several reviews evaluating IA corticosteroid use. While there are

comprehensive reviews of topical10 and oral11 NSAID use, reviews on

IA use are scarce. In this paper, we aim to provide a comprehensive

review of IA use of NSAIDs focusing on the pharmacokinetic, efficacy

and safety profiles of IA NSAIDs in both animals and humans

with OA.

2 | METHODS

The National Library of Medicine Database was searched on

27AUG2021 for original research articles that described the phar-

macokinetics, safety or efficacy of intra-articular NSAID injections.

Animal studies were included in this review if animals in the given

study were healthy or the method of arthritis induction was gener-

ally accepted to be a reasonable model of osteoarthritis. Similarly,

human studies were included if humans were healthy or if the pri-

mary disease being studied was osteoarthritis of a large joint. Stud-

ies focusing on novel formulations of NSAID delivery to the joint

were generally excluded. However, such studies sometimes

included a traditional formulation of NSAID delivered IA as a com-

parator. In such cases, the traditional IA NSAID arm may have been

included. The search terms used were “intraarticular and nsaid,”
which yielded 1032 results. Of the 1032 results, 148 abstracts

were extracted that possibly met the inclusion criteria. Of these

148 abstracts, 20 animal studies and 11 human studies met the

inclusion criteria. One animal study was not found in the initial sea-

rch, but was found incidentally reviewing references of included

studies.12 Patient populations, endpoints of studies and control

groups were very heterogeneous. Therefore a qualitative descrip-

tion of study results supported by descriptive statistics when appli-

cable was performed. Statistical calculations were performed in R

(version 4.1.0) with R Studio (version 1.4.1717)
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3 | RESULTS AND DISCUSSION

3.1 | General overview of NSAID
pharmacokinetics

The clinical pharmacokinetics ofNSAIDs commonly used in clinical practice

are extensively described.13–16 The terminal elimination half-life of NSAIDs

varies dramatically ranging from 1–2 h (ibuprofen) to 60–70 h (tenoxicam).

NSAIDS's are typically administered orally (PO) or topically for long-term

therapy, and intramuscularly (IM) for control of more severe acute pain.

Administration via PO or IM routes provide similar systemic exposure for

most NSAIDs which is comparable to the systemic exposure after intrave-

nous NSAID administration (bioavailability 90%–100%).16–18 However,

due to first pass metabolism, the oral bioavailability of diclofenac is only on

average 55%.19 Penetration of NSAID to synovial joints after systemic

administration is adequate, with synovial fluid achieving approximately

0.25–0.5 of steady-state plasma concentrations.15,16,20,21

Topical diclofenac is an effective NSAID for the treatment of

osteoarthritis.22 Systemic exposure to NSAID is greatly reduced with

use of topical diclofenac gel at FDA-labeled doses.23 Diclofenac 24-h

area under the curve (AUC) after topical administration (total daily

dose 16–48 g/day) has been estimated to be approximately 5%–20%

of diclofenac AUC after oral administration (50 mg PO three times

daily).24,25 Synovial fluid concentrations after diclofenac gel adminis-

tration have been estimated to be approximately 50%–80% of those

observed in plasma.26,27 However, although the relative proportion of

synovial:plasma concentrations is slightly higher with topical versus

oral diclofenac administration, the absolute exposure is likely far lower

given the lower comparative systemic exposure.

3.2 | Pharmacokinetics of intra-articular NSAID
injections

Intra-articular (IA) delivery of NSAIDs offers the possibility of

achieving very high drug concentrations locally to a synovial joint

while minimizing systemic exposure. However, surprisingly, when

traditional formulations of NSAIDs are injected into synovial

joints, the systemic exposure is very similar to that after IM or IV

doses (Table 1). Although the majority of these PK studies were

performed in rats, the relative bioavailability of IA NSAIDs com-

pared to IM or IV doses was similar in all animal species regard-

less of NSAID tested (range 0.65–1.36).12,28–31 In humans, the

bioavailability of indomethacin IA compared to IV was 0.78, dem-

onstrating significant systemic exposure which is consistent with

the rat PK experiments.32 Based on these studies, the plasma

time to maximum concentration (Tmax) after IA NSAID delivery

occurs approximately 0.3–1 h after the injection and after several

half-lives, there is a little detectable drug in the synovial fluid

(0.04–0.075 snyovial:plasma ratio). The maximum concentration

in the synovial joint may be estimated by considering the dose to

be analogous to an IV bolus in the joint space using the following

equation: T
A
B
L
E
1

Su
m
m
ar
y
o
f
ph

ar
m
ac
o
ki
ne

ti
cs

o
f
in
tr
a-
ar
ti
cu

la
r
kn

ee
N
SA

ID
in
je
ct
io
ns

in
an

im
al
s
an

d
hu

m
an

s

St
ud

y
ty
pe

D
ru
g

D
o
se

R
o
ut
e

T l
a
st
(h
)

P
la
sm

a
A
U
C
la
st

(μ
g
h/

m
l)

P
la
sm

a
C
m
a
x

(μ
g/
m
l)

P
la
sm

a
H
L
(h
)

P
la
sm

a
T m

a
x
(h
)

R
el
at
iv
e

b
io
av

ai
lib

ili
ty

Sy
n
o
vi
al
:P

la
sm

a
co

n
ce

n
tr
at
io
n
ra
ti
o

R
ef
er
en

ce

R
at

N
ap

ro
xe

n
0
.6
6
m
g/
kg

IV
9

6
6
.6

8
.4

6
T
h
in
g
et

al
.(
2
0
1
3
)3
1

N
ap

ro
xe

n
0
.6
6
m
g/
kg

IA
9

4
3
.3

5
.7

6
0
.6

0
.6
5

R
at

P
ir
o
xi
ca
m

0
.6

m
g/
kg

IM
2
4

6
9
.5

5
.3

7
.3

0
.8

P
ar
k
et

al
.(
2
0
1
4
)1
2

P
ir
o
xi
ca
m

0
.6

m
g/
kg

IA
2
4

5
9

5
.1

8
.1

0
.9

0
.8
5

P
ir
o
xi
ca
m

an
d
H
A

0
.6

m
g/
kg

IA
2
4

6
2
.5

5
.1

9
1
.1

0
.9

R
at

P
ir
o
xi
ca
m

0
.2

m
g/
kg

IA
2
4

3
9
.3

2
.9

1
5
.2

1
0
.0
7
5
a

K
im

et
al
.(
2
0
1
6
)2
9

R
at

P
ir
o
xi
ca
m

0
.2

m
g/
kg

IA
2
4

5
1
.8

3
.7

1
6
.8

0
.8

0
.0
4
a

K
im

et
al
.(
2
0
1
6
)2
8

R
at

K
et
o
ro
la
c

4
m
g/
kg

IM
2
4

3
0
.5

1
2
.9

1
.9

0
.3

K
im

et
al
.(
2
0
1
9
)3
0

K
et
o
ro
la
c

4
m
g/
kg

IA
2
4

3
5

1
2
.5

2
.1

0
.3

1
.1
5

K
et
o
ro
la
c
an

d
H
A

4
m
g/
kg

IA
2
4

4
1
.4

1
2
.5

2
0
.3

1
.3
6

H
um

an
In
do

m
et
ha

ci
n

1
0
m
g

IV
2
4

2
.5

2
.4

N
ea

n
d
er

et
al
.(
1
9
9
2
)3
2

H
um

an
In
do

m
et
ha

ci
n

1
0
m
g

IA
2
4

1
.9

0
.6

2
.8

0
.6
8

0
.7
8

A
bb

re
vi
at
io
n:

N
SA

ID
,n

o
n-
st
er
o
id
al
an

ti
-i
nf
la
m
m
at
o
ry

dr
ug

.
a O

nl
y
co

m
pa

re
d
at

1
2
an

d
2
4
h
po

st
-d
o
se
.

1124 SELIG ET AL.



C0 ¼Dose
Vjoint

, ð1Þ

where C0 is the concentration in the joint space instantaneously after

delivery, Dose = the amount of drug delivered to the joint space and

Vjoint is the total volume of the joint space. In the case of Neander

et al.'s PK study,32 where 10mg indomethacin was injected into the

knee, assuming a human knee has volume of 10ml = 0.01 L,33 then

the maximum concentration in the knee synovial fluid would be esti-

mated as C0 ¼ 10
0:01¼1000 mg=L. In contrast, the plasma Cmax after IV

administration in Neander et al. was approximately 10 mg/L, roughly

translating to a theoretical Cmax of 2.5–5mg/L in the synovial fluid if

applying the steady-state synovial:plasma ratios found after systemic

administration of NSAIDs cited above.

The total systemic exposure as measured by AUC is

similar between IM, IV, IA and PO administration of typical for-

mulations of NSAIDs. Therefore, these findings suggest a single

dose of IA NSAIDs may achieve a two to three fold increase in

maximum synovial concentration (at the targeted joint) compared

to a PO dose. However, total systemic and synovial exposure

measured by AUC for a single IA injection would be approxi-

mately 10-fold less than a one-week course of PO NSAIDs and

would be similar to a one-week course of topical NSAIDs

(Table 2).

3.3 | Summary of animal safety studies

Safety of IA NSAID injections has been extensively studied in a vari-

ety of animal models (Table 3). The majority of testing has been per-

formed in rats; however, IA NSAIDs have also been tested in rabbit

and equine models.34,35 Generally, safety of IA NSAIDs has been

tested in healthy animals using sham injection as a negative control.

The sham injection was either delivered in the contralateral knee of

the same animal, or to different animals designated as a control group.

Doses of IA NSAIDS tested in these animal models varied signifi-

cantly when considering difference in size of animal species and range

of human doses for specific NSAIDs. For example, Irwin et al. and Rig-

gins et al. tested IA injections of 2.5 and 3 mg, respectively, in

rats.36,37 Typical human doses of ketorolac are 30–60 mg IM, which

correspond approximately to 1–2 mg doses in a 0.3 kg rat.38 In con-

trast, lornoxicam, which may be given as a single 8 mg dose, corre-

sponds approximately to a rat equivalent dose of 0.2 mg and a rabbit

equivalent dose of 0.75 mg (assuming a 1.8 kg rabbit). However,

Saricaoglu et al. tested 1 mg IA lornoxicam in rats (five-times human

equivalent dose) and Schroeder et al. tested up to 4 mg in rabbits

(five-times human equivalent dose).34,39 Kütahya tested 25 mg ibu-

profen IA in rats, which is comparable to the commonly prescribed

800 mg dose in humans.40

Similarly, the amount of solution injected into the animal joints

varied greatly when scaled to the size of the animal model. A typical

human knee injection varies by local clinical practice but is approxi-

mately 3 ml in total volume.41 With simple allometric scaling to a rat

(assuming a 70 kg human and a 0.3 kg rat), this would correspond

approximately to a 10 μl IA injection for rats. However, the most com-

monly tested injection volumes in rats were 100–250 μl (0.1–0.25

ml).34–37,39,40,42,43 Of note, IA injections greater than 30 μl are not

recommended for rats and IA injection volumes of 100 μl have been

associated with rat knee joint capsular tears and fluid overflow into

the subdermal space.44

Considering in context that doses and injection volumes may

have been significantly higher than corresponding human equivalents,

overall, there were minimal safety signals in the animal studies pres-

ented in Table 3. In fact, six of 10 animal studies reported in Table 3

found no significant difference in safety endpoints when comparing

IA NSAIDs to control. The remaining four studies generally found

greater rates of non-specific inflammation in NSAID-injected joints

compared to controls. Irwin et al. found severe inflammation (defined

as presence of neutrophils and macrophages, synoviocyte hyperplasia

and fibrin exudation) on pathologic examination of the knee joint in

nine of 10 rat knees injected with NSAID compared to 0 of 10 rat

knees with severe inflammation in the control group day 5 after injec-

tion.36 Kütahya et al. reported 10 of 40 rat knees injected with ibu-

profen to have hematoma compared to 0 of 40 rat knees injected

with saline. Inflammation scores were generally higher in ibuprofen-

injected knees compared to control knees; however, inflammation

scores gradual decreased and were similar in ibuprofen or saline-

TABLE 2 Estimated human total diclofenac plasma and knee synovial exposure at 24 h and 7 days

Route Dose

Plasma AUC0-24

(μg h/ml)

Plasma Cmax

(μg/ml)

Synovial AUClast

(μg h/ml)f
Synovial Cmax

(μg/ml)f
Plasma AUC day 7

(μg h/ml)

Synovial AUC day 7

(μg h/ml)

PO 150 mg/day 3890a 2270a 1945 1135 27,230 13,615

Topical 32 mg/day 389b 40c 194.5 20 2723 1361.5

IA 50 mg single injection 2593d 2270e 1296.5 5000g 2593h 1296.5h

aMean AUC and Cmax observed in Kienzler et al after 50 mg TID diclofenac.
bApplying an estimated 10% relative systemic exposure to PO based on Kienzler et al. and Moreira et al.
cExtrapolated based off of Kienzler et al (48 mg/day given).
dAssuming a 55% relative bioavailability PO to IA.
eAssuming similar plasma Cmax IA and PO.
fApplying an assumed steady state synovial:plasma ratio of 0.5.
gEstimated via equation C0 = Dose/Vjoint and assuming a human knee joint 10 ml.
hIA injections are typically only given once, therefore the total plasma and synovial AUC at day 7 would be similar to the AUC0-24 given short half-life of

1–2 h.
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injected knees by day 21 post-injection.40 Orak et al. demonstrated

longer lasting inflammatory changes after 10 weeks of repeat IA ten-

oxicam or diclofenac injections compared to saline and steroid con-

trols. There were significantly higher rates of mild or prominent

cartilage fibroblast infiltration in NSAID groups (100%, N = 10 rats)

compared to the saline group (0%, N = 5 rats) and the methylprednis-

olone group (20%, N = 5 rats).43

TABLE 3 Summary of safety studies of intra-articular NSAID knee injections in healthy animals

Animal

model N Drug Dose RouteRegimen Summary of findings Reference

Rat 35ketorolac 2.5 mg IA Single injection Significantly more inflammation in

ketorolac-treated knees compared

to controls (90% vs. 0 % grade 5

inflammation at day 5)

Irwin et al. (1998)36

35 saline 0.25 ml IA Single injection

Rat 52 tenoxicam 1 mg IA Single injection Significantly more inflammation in

tenoxicam-treated knees

compared to controls up to 48 h

after injection

Ozyuvaci et al. (2004)42

52 saline 0.25 ml IA Single injection

Rat 25 lornoxicam 1 mg IA Single injection No significant difference in

inflammation or degeneration of

cartilage in NSAID versus vehicle-

treated knees

Saricaoglu et al. (2008)39

25vehicle 0.25 ml IA Single injection

Rat 35dexketoprofen 9.23 mg IA Single injection No significant difference in

histopathologic inflammation

Sagir et al. (2013)65

35 serum 0.25 ml IA Single injection

Rat 35dexketoprofen 6.25 mg IA Single injection No significant difference in synovial

or cartilage pathology in NSAID vs

saline treated knees

Ekici et al. (2014)66

35 saline 0.25 ml IA Single injection

Rat 64 ketorolac 3 mg IA Single injection No significant changes in knee

kinematics, ACL mechanics, or

cartilage histopathology and

optical density in ketorolac-

treated knees compared to

controls

Riggin et al. (2014)37

64 saline 0.1 ml IA Single injection

Rat 25 tenoxicam 1 mg IA q Week � 10 Significant synovial hyperplasia,

increased cartilage fibrosis and GI

inflammation in NSAID groups

compared to controls

Orak et al. (2015)43

25diclofenac 0.75 mg IA q Week � 10

25methylprednisolone 1 mg IA q Week � 10

25 serum 0.1 ml IA q Week � 10

Rat 40 ibuprofen 25 mg IA Single injection Significant increase in knee

hematoma in ibuprofen-injected

knees (25% vs. 0 % in control).

Significantly higher inflammation

scores on days 1–14 in ibuprofen

injected knees

Kütahya et al. (2019)40

40 saline 0.25 ml IA Single injection

Rabbit 5 lornoxicam 2 mg IA Up to 3 repeat injections weeklyNo significant differences in

histopathologic examination or

inflammation between controls or

active comparators throughout

the duration of the study

Schroeder (2012)34

5 lornoxicam 4 mg IA Up to 3 repeat

injections weekly

5 hyaluronic

Acid Derivative

4 mg IA 3 injection once weekly

5 triamcinolone 20 mg IA Single injection

5 vehicle 0.5 ml IA Up to 3 repeat

injections weekly

Horse 5bufexamac 20 mg IA q Week � 6 No significant differences in gross

pathology, histopathology or

optical density of cartilage in any

group

Suominen et al. (2001)35

5 bufexamac 60 mg IA q Week � 6

5bufexamac 100 mg IA q Week � 6

5 saline 1 ml IA q Week � 6

Abbreviations: IA, intra-articular; NSAID, non-steroidal anti-inflammatory drug.
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3.4 | Summary of animal efficacy studies

The efficacy of IA NSAIDs in animal models of arthritis has also been

well described in the literature (Table 4). Rat models of arthritis were

the most commonly utilized. However, unlike the animal safety stud-

ies described above, efficacy models tested NSAIDs on either chemi-

cally or surgically arthritic knees. Cialdai et al. and Park et al. tested IA

NSAIDs in a Monoiodoacetate (MIA)-induced rat model of arthri-

tis.12,45 Jiang et al. and Wen et al. utilized surgical methods such as

transecting knee ligaments to induce arthritis.46,47 In the MIA-induced

models, IA injections were implemented 1 or 7 days post-arthritis

induction, in contrast to a delay of 5–6 weeks prior to IA drug therapy

after surgical arthritis induction. Where the two studies utilizing

MIA-induced arthritis tested only a single IA NSAID injection, repeat

injections of IA NSAID were administered for 5 weeks, every week, to

animals with surgical-induced arthritis.

In contrast to the safety studies, where IA NSAIDs were some-

times associated with development non-specific inflammation-IA

NSAIDs significantly reduced inflammation in the animal arthritis

models.46,47 Intra-articular NSAIDs were also associated with

improved reduction in nociception and clinical swelling and improved

weight bearing on the arthritic knee. Whenever PO or IM NSAIDs

were used as comparators, similar improvements were found with

clinical and laboratory assessments as to the use of IA NSAIDs.

Wen et al. did not demonstrate a clear dose-response, where

0.25 mg and 1 mg IA meloxicam injections both showed similar and

sustained improvement in mechanical allodynia metrics, histopathol-

ogy and inflammatory markers compared to saline-treated OA rats

10 weeks after arthritis induction.47 Park et al., however, demon-

strated a dose-response where increasing doses of IA piroxicam to rat

knees were associated with corresponding improvements in both clin-

ical swelling and pain compared to IA saline-treated controls.12 Fur-

ther Park et al. was able to demonstrat this dose-response again when

combining doses of piroxicam with hyaluronic acid, and found a ratio

of 1:1 or 1:2 piroxicam:hyaluronic acid provided optimal pain control

and reduced swelling.

3.5 | Summary of human studies

There were a total of 11 human studies (eight prospective, three ret-

rospective) meeting the inclusion criteria with a total of 722 partici-

pants across all studies. Tenoxicam was tested in five studies,

ketorolac in four studies and parecoxib48 and indoprofen49 were each

tested in one study. Reported mean age (range 52–71.5 years) and

body mass index (range 23–31.6 kg/m2) are summarized in Table 5.

All studies examined either the knee (N = 9 studies) or hip (N = 3

studies) with one examining both the knee and hip. Inclusion criteria

was heterogeneous throughout the studies and OA was defined by

either American College of Rheumatology Classification Criteria

(N = 5), American Academy of Orthopedic Surgeons (N = 1) or

unspecified/alternative criteria (N = 5). Regardless of criteria to define

OA, most studies (N = 9) used the Kellgren–Lawrence score to

classify the radiologic severity of OA. Of the two studies that did not

use Kellgren–Lawrence scores one used an unspeficied, but similar

radiologic severity criteria50 and the other did not use a radiologic

severity criteria.49,50 Of the nine studies using Kellgren–Lawrence

scoring, studies most commonly included patients with Kellgren–

Lawrence scores of 2 or 3 (N = 6); however, some studies included

patients with Kellgren–Lawrence scores of 0 or 1 (N = 3).48,51,52

Efficacy endpoints were also heterogeneous with the most com-

mon being the Visual Analog Score (VAS) (N = 8). Of these eight stud-

ies using the VAS, other metrics were also utilized to categorize range

of motion and stiffness. Western Ontario and McMaster University

Osteoarthritis Index (WOMAC) (N = 3 studies) was common. Many

other metrics such as range of motion quantification, Knee Society

Score, Hospital for Special Surgery (HSS) scores and Hip or Knee

Injury Osteoarthritis and Outcome Scores (HOOS or KOOS) were also

used. Most studies did not clearly define primary versus secondary

outcomes. Only 3 studies used a statistical correction for multiple

comparisons.9,52,53 Of the three studies that did not use VAS, one

study had their own scoring system based only on pain with various

degrees of movement.50 The other two studies used the WOMAC

index54 or the Harris hip score (HHS) and verbal numeric pain scale

(VNS).55 Of these three studies only, Park et al. used a statistical cor-

rection for multiple comparisons.

Comparator groups were also heterogeneous. Four studies com-

pared efficacy endpoints IA to PO NSAIDs.52,54,56 Two of these stud-

ies compared only IA to PO NSAIDs52,56 where two had an additional

negative control group (exercise or glucosamine).48,54 Three studies

periodically assessed outcome metrics weekly or monthly from 1 week

to 6 months after treatment. However, Lu et al. only assessed clinical

OA outcome metrics at 12 months after intervention. Findings were

similar amongst the three studies with repeat outcome measures over

shorter time intervals. Generally, IA NSAIDS led to more pronounced

pain resolution and functionality before 1 month; however, by

2–6 months, IA and PO NSAIDs had similar efficacy. Lu et al. were an

exception and showed that at 12 months after three IA parecoxib

injections, every 2 weeks for a total of 6 weeks, VAS reduced from

4.1 to 0.8 on average. In comparison after 12 weeks of PO parecoxib

at 12 months, VAS reduced from baseline 4 to 1.8. Both Unlu et al.

and Lu et al. that had negative control groups showed that both IA

and PO NSAIDs improved VAS or WOMAC scores compared to pla-

cebo at all times measured. Of note, Unlu et al. did not report VAS

scores but rather rates of joint line and periarticular tenderness.

Results were presented as raw data rather than difference from base-

line. When converting the raw rates to change from baseline at

6 months, IA and PO NSAIDs performed comparably increasing rates

of non-tender knees (both joint line and periarticular) by 20%–30%

where placebo only increased rates of non-tender knees by 5%–10%.

The remaining seven studies had no PO NSAID comparator to

the IA NSAID group. One study had no comparator group,50 one

study compared to IA placebo,49 one study compared to IA hyaluronic

acid53 and four studies compared to IA corticosteroids.9,51,55,57

Papathanassiou et al. (tenoxicam IA, knee, no comparator) demon-

strated a large majority of patients feeling great pain improvement
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10 days after injection (40%, N = 10) and improved range of motion

(ROM) 1 month after injection (60%, N = 15). However, two patients

had allergic reactions to the IA injections and 12% and 16 % of

patients had worse pain and range of motion compared to baseline,

respectively. Similarly Egsmose et al. (indoprofen IA, hip, placebo con-

trol) demonstrated approximately 50% of patients (N = 11) had

TABLE 5 Summary of efficacy and safety studies of intra-articular NSAID knee injections in humans

Joint N NSAID

Age

(years)

BMI

(kg/m2) Dosages and routes Severity Summary of findings Reference

Knee 28 Tenoxicam 71.5 20 mg single IA knee with

some repeat at 2 months

Mod-severe Improvement in hydroarthrosis,

and ROM, 40% of participants

greatly improved while 12%

worse for pain at 10 days. 2

allergic reactions

Papathanassiou

(1994)50

Knee 69 Tenoxicam 54.8 30.8 1. 20 mg IA �3 weekly

2. 20 mg oral daily

�3 weeks

3. 3) Exercise only

Grade 2/3 KL Minor differences between

groups for some outcomes.

Ultimately, no total WOMAC

difference and no difference

overall at 6 months between

all 3 groups

Unlu et al.

(2005)54

Knee 30 Tenoxicam 52 1. 20 mgIA tenoxicam �1

2. 20 mg PO daily �10 days

Grade 2/3 KL

and effusion

Earlier onset of improvement in

VAS, and reduced number of

effusions at 1 year in IA group

Oztuna et al.

(2007)56

Knee 60 Tenoxicam 65.5 30.6 1. 20 mg IA teonixicam �3

weekly

2. 20 mg PO daily �3 weeks

Grade 1/2/3 KL Outcomes improved in both

groups; Gastrointestinal

intolerabilty and treatment

interuption higher in PO group

Erbas et al.

(2015)52

Knee 90 Tenoxicam 67 30 1. 20 mg IA tenoxicam

2. 20 mg IA triamcinolone

3. Both

Grade 1/2 KL Individual injections and combo

better after 1 month but

combination triamcinolone/

tenoxicam better than either

individually at 6 months

Yilmaz (2019)51

Knee 43 Ketorolac

plus HA

68 1. IA HA alone �5 weekly

2. 30 mg IA HA plus

ketorolac �3 weekly,

then HA alone �2 weekly

Grade 2/3 KL Benefit seen for combination

compared to HA alone in early

time points; 5 ketorolac

participants developed about

8 h of post injection knee pain

Lee et al.

(2011)53

Hip 98 Ketorolac 59 23 1. 40 mg triamcinolone

2. 30 mg ketorolac

Grade2/3 KL No difference between ketorolac

and triamcinolone. 4 localized

adverse events in ketorolac

group. No systemic adverse

events

Park et al.

(2015)55

Knee 35 Ketorolac 53 31.6 1. 30 mg ketorolac

2. 80 mg triamcinolone

Mean grade 3 KL Significant difference in VAS and

WOMAC for both injection

groups. Cost difference better

for ketorolac

Bellamy et al.

(2016)57

Knee/Hip 120 Ketorolac 65 31 1. 80 mg triamcinolone

2. 30 mg ketorolac

Grade 2 and

above KL

Similar benefit for hip and knee

injections between

traimcinolone vs. ketorolac

Neither with significant

adverse effect

Jurgensmeier

et al. (2021)9

Hip 39 Indoprofen 52.7 1. 25 mg IA

2. Placebo

Mild to moderate No difference between groups.

Half of all participants had

improvement

Egsmose et al.

(1984)49

Knee 110 Parecoxib 52 25 1. basic care+PO

glucosamine

2. basic care, PO celecoxib,

PO glucosamine

3. 3) 40 mg IA parecoxib

q2weeks � 3

Grade 0/1/2 KL All treatments effective for

outcome measures compared

to baseline. Satisfaction, IL-6

and TNF-alpha reduction and

IL-10 increase greatest for IA

parecoxib

Lu et al.

(2019)48

Abbreviations: IA, intra-articular; NSAID, non-steroidal anti-inflammatory drug.
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improvement in pain in the 12 week sub-study. The authors did not

report which of these 11 patients received placebo or NSAID, but did

note that there was no significant difference in VAS scores in NSAID

or placebo groups. This highlights that the dramatic percent of pain

reduction seen in Papathanassiou et al. may be attributed to a placebo

effect rather than the IA tenoxicam.

Lee et al. compared repeat injections of IA ketorolac and

hyaluronic acid (three weekly injections followed by two injections of

hyaluronic acid alone) to IA hyaluronic acid alone (five weekly injec-

tions) without a placebo group. Patients receiving IA ketorolac had

statistically significantly reduced VAS scores from weeks 1 to 3 after

the initial injection compared to patients receiving hyaluronic acid

alone. However, by 16 weeks, there was no longer a statistically sig-

nificant difference in VAS scores between the groups. Of note, when

comparing weekly change in VAS score from previous week's base-

line, IA ketorolac only outperformed hyaluronic acid alone in the

first week.

The remaining four studies9,51,55,57 compared IA NSAID injections

to IA corticosteroid injections. Three studies compared ketorolac to

corticosteroid and one study compared tenoxicam to corticosteroid.

No placebo group was included in any of these four studies. Gener-

ally, regardless of IA NSAID and metric, improvement in pain and

functionality was similar between IA NSAID and IA corticosteroid

groups. Interestingly, Yilmaz et al. found that a combination of IA ten-

oxicam and corticosteroid was superior in reducing VAS and sustain-

ing reduced VAS compared to IA tenoxicam or corticosteroid alone.

This was very pronounced at 6 months where the combination group

had an average 5.6 point reduction in VAS compared to 0.27 and 0.33

point reductions for the IA NSAID alone and IA corticosteroid alone

groups.

From a safety perspective, adverse events were rare but did range

differently across studies. Besides the two allergic reactions in the

Papathanassiou et al. study, three studies described specific side

effects. Jurgensmeier et al. reported a bleeding episode 2 months

after the injection of NSAID but was also associated with an increase

dose of warfarin. Lee et al. and Park et al. reported local pain in the

injected joint that was self-limited and mild.

4 | DISCUSSION

We provide a comprehensive review of the pharmacokinetic, efficacy

and safety profiles of IA NSAIDs in both animals and humans. Pro-

viders have classically thought IA NSAIDs minimize systemic side

effects by reducing systemic exposure to NSAIDs. Our review chal-

lenges this notion and provides significant insights on the relationship

of NSAID PK to the desired pharmacodynamic effect of pain control.

Although there are comprehensive reviews of PO and topical NSAID

use, reviews on IA use are scarce. This review fills an essential gap in

the literature and provides strong rationale for the clinical use of IA

NSAIDs based on favorable safety and efficacy data.

From a pharmacokinetic perspective, the benefit of IA NSAIDs is

unclear. The presumed advantage of IA administration is its minimal

systemic exposure and maximal local efficacy. However, when

compared to IV or IM doses, IA NSAIDs lead to similar systemic

exposure, likely because the medication rapidly diffuses out of the

joint space into the plasma. Neander et al. demonstrated that the

bioavailability of indomethacin IA compared to IV was 0.78., and

the studies of Park et al., Kim et al. and Thing et al. demonstrated

that there was little detectable drug in the synovial fluid

(0.04–0.075 snyovial:plasma ratio) after several half-lives. Further,

repeat oral doses likely lead to much higher sustained synovial

NSAID concentrations compared to the single IA (Table 3). How-

ever, a single IA dose likely leads to a 2–3 log-fold increase in syno-

vial Cmax compared to oral or topical doses. Cialdi et al. (rat induce

MIA-arthritis) demonstrated similar pain control after single doses

of IA or PO NSAIDs. This would suggest overall exposure and not

Cmax would be the driver of efficacy. However, four human studies

demonstrated similar response in pain control after 2 months in

patients receiving IA or PO NSAIDs. This would suggest that Cmax

plays a component in sustained efficacy and challenges overall

sustained exposure as the main driver of efficacy. This may be par-

tially explained by the use of tenoxicam which has a very long

half-life and accumulation due to repeat injections. However, Unlu

et al. randomized patients to either three weekly doses of ten-

oxicam 20 mg or 20 mg daily PO tenoxicam for 3 weeks. Therefore,

the PO group had approximately seven-times the systemic expo-

sure compared to the IA group, yet both groups had similar pain

control and stiffness WOMAC scores through 6 months.

In regards to safety, IA NSAIDs appeared to have a very favorable

safety profile. IA NSAIDs were safe in animal models where six of

10 animal studies found no significant difference in safety endpoints

between NSAID and control groups. There was an association in some

animal studies with IA NSAID delivery to non-specific inflammation;

however, these findings appeared only in healthy animals. In efficacy

animal models, where osteoarthritis was induced surgically or chemi-

cally, IA NSAIDs significantly reduced inflammation and were associ-

ated with pain reduction, decreased clinical swelling and improved

weight bearing on the arthritic knee. In addition, it is possible that the

non-specific inflammation found in animal safety models was related

to high joint injection volumes. Injection volumes of 100–250 μl were

routinely used in the rat IA NSAID safety models, but injection vol-

umes of greater than 100 μl to the rat knee joint have been associated

with capsular tear.44 Side effects in human studies were also rare,

generally mild and in some cases may not have been related to the IA

NSAID injection.

IA NSAIDS also generally had a favorable efficacy profile in both

animal and human studies when compared to placebo, oral NSAIDs or

IA corticosteroids. However, there are several limitations to the effi-

cacy data. It is important to note that animal studies utilized surgery

or chemicals to induce arthritis, which causes acute inflammation.

Osteoarthritis in humans, however, is often chronic in nature and

without active inflammation. Therefore, the high efficacy of IA

NSAIDs and NSAIDs in general in the animal models is likely an over-

estimate of the efficacy in humans. Nevertheless, these animal effi-

cacy studies provide support that IA NSAIDs are efficacious, and
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also appear as effective as oral NSAIDs within those controlled

experiments.

Human studies were often limited by small sample size, and lack

of a negative control group. Efficacy of PO NSAIDs compared to pla-

cebo for the treatment of OA is mixed. Although diclofenac 150 mg is

consistently reported to statistically significantly reduce pain several

NSAIDs evaluated within the same systematic reviews were no better

than placebo.11,58 Similarly, IA corticosteroids may be no more effica-

cious than placebo for the treatment of OA.59,60 IA corticosteroids or

PO NSAIDs were the most commonly active comparators to IA

NSAIDS in the human IA NSAID efficacy studies. Therefore, without

an internal placebo control in these trials, despite demonstrating IA

NSAIDs have similar efficacy to PO NSAIDs or IA corticosteroids, all

therapies may have been no better than placebo. This is highlighted

by Egsmose et al. who found that IA indoprofen was no better than

placebo to reduce VAS. However, despite these limitations, IA

NSAIDs appear to be a promising therapeutic option and may have

several important clinical applications. One example would be

avoiding IA corticosteroids in a diabetic patient with poorly controlled

blood sugars. Further, alternating IA NSAIDs with IA corticosteroids

may be a sound approach to spare the long-term degenerative effects

of corticosteroids on cartilage and bone. There are also several other

possible indications for IA NSAIDs such as acute sports injuries or as

an adjunct to improve analgesia for arthroscopy.

Of note, no IA injection trialed a traditional formulation of

diclofenac. This was surprising as diclofenac is likely the most effica-

cious PO and topical NSAID. There are, however, newer formulations

of diclofenac conjugated to HA (DF-HA) that prolong residence time

within the joint and significantly minimize systemic exposure after IA

injection.61,62 This IA DF-HA product has been tested in phase II and

phase III trials and appears to have a promising safety and efficacy

profile.62,63 Nishida et al. found in a 440 patient 1:1 randomized pla-

cebo controlled trial that after six repeat DF-HA IA injections

q4 weeks that WOMAC scores were reduced at all times measured

out to 24 weeks. However, the largest reduction in WOMAC scores

was after the initial DF-HA injection and slopes of lines of decrease in

WOMAC scores over time were henceforth similar in the DF-HA and

placebo groups. This suggests that there is a little benefit to repeat

DF-HA injections within a 24 week time period. Nevertheless, Nishida

et al. also performed a study where 166 participants received an IA

DF-HA injection q4 weeks for an entire year.64 Treatment-related

adverse effects were rare and generally well tolerated demonstrating

a highly favorable safety profile of this novel IA NSAID formulation.

5 | WHAT IS NEW AND CONCLUSION

We have performed a comprehensive literature review of the PK,

safety and efficacy of IA NSAIDs in animals and humans. A single IA

NSAID injection leads to higher synovial maximum NSAID concen-

trations and far less total systemic and synovial exposure compared

to a one-week course of PO NSAIDs. Traditional formulations of IA

NSAIDS had favorable safety and efficacy profiles in small animals,

large animals and humans and appear to at least as efficacious as PO

NSAIDs or IA corticosteroids for pain control in the setting of hip or

knee OA. IA NSAIDS, therefore, may be an important additional ther-

apeutic modality to treat OA-related pain. In addition, newer formu-

lations of diclofenac for IA injection allow for significantly longer

joint residence time and sparing of systemic exposure. These formu-

lations represent an exciting novel tool to treat OA-related pain. Fur-

ther studies are needed to address long-term safety of IA NSAID

injections as well as larger longitudinal randomized trials with posi-

tive and negative control groups to better understand long-term

efficacy.
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