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Evidence based knee injections for the management of arthritis
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Abstract

Objective—Arthritis of the knee affects 46 million Americans. We aimed to determine the level
of evidence of intraarticular knee injections in the management of arthritic knee pain.

Methods—We systematically searched PUBMED/MEDLINE and the Cochrane databases for
articles published on knee injections and evaluated their level of evidence and recommendations
according to established criteria.

Results—The evidence supports the use of intraarticular corticosteroid injections for rheumatoid
arthritis (1A+ level), osteoarthritis (LA+ level), and juvenile idiopathic arthritis (2C+ level). Pain
relief and functional improvement are significant for months up to one year after the injection.
Triamcinolone hexacetonide offers an advantage over triamcinolone acetonide and should be the
intraarticular steroid of choice (2B+ level). Intraarticular injection of hyaluronate may provide
longer pain relief than steroid injection in osteoarthritis (2B+ level). It can also be effective for
rheumatoid arthritis knee pain (LA+ level). However, it is only recommended for patients with
significant surgical risk factors and for patients with mild radiographic disease in whom
conservative treatment has failed (2B+ level). Botulinum toxin Type A injection is effective in
reducing arthritic knee pain (2B+ level) and so is tropisetron (2B+ level) and tanezumab (2B+
level). The new agents, such as rAAV2-TNFR:Fc, SB-210396/CE 9.1, and various radioisotopes
have provided various degrees of success, but their long-term safety and efficacy remains to be
determined.

Conclusions—We conclude that strong evidence supports the use of intraarticular knee
injection as a valuable intervention in the continuum of management of arthritis between
conservative treatment and knee surgeries.
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Introduction

The knee is one of the most commonly affected joints of arthritis which affects an estimated
46 million (22%) of adults in the US (1,2). Radiographic evidence of knee osteoarthritis
(OA) increases with age, from 27% in subjects younger than age 70 to 44% in subjects age
80 or older (3). Nearly half of all adults will develop symptomatic knee OA by the age of
85, with lifetime risk highest among obese persons (4). Rheumatoid arthritis (RA) and
juvenile rheumatoid arthritis (JRA), (also called juvenile idiopathic arthritis (JIR), juvenile
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chronic polyarthritis, and Still’s disease) are also common and affect millions of children
and adults in the US (1, 2, 5). As a result, knee injections are routinely performed by
physicians of various specialties. The first report on a series of 9 knee injections of iodoform
and glycerin was dated back to 1897. This intervention allowed for the avoidance of knee
amputation and provided functional recovery (6). Over the next 60 years, there were only a
few articles published regarding knee injections. Since the 1960s, knee injections of steroids,
and various other agents, have become widely available for the symptomatic management of
pain and movement limitations associated with arthritis. There have been thousands of
papers published over the last 50 years in regards to knee injections. While the available
systematic reviews with meta-analysis provide quantitative evidence, they are narrowed to
certain agents or specific conditions (7). Therefore, they are inherently missing the broader
view on this topic. In addition, they become outdated quickly because of a large amount of
newer clinical trials. This review focuses on the recent advancement of intraarticular knee
injections based primarily on evidence provided by systematic reviews with meta-analysis
and clinical trials when the systematic assessment of quantitative evidence is not available.
A narrative overview of important practical points included in this article highlights the
important details that may be of particular interest to practicing physicians. We have
recently reviewed complications associated with joint injections elsewhere (8).

We systematically searched PUBMED/MEDLINE and the Cochrane databases for all
reports published in any language on knee injections. The search in PUBMED/MEDLINE
and Cochrane databases was performed using the following key words: knee, injection,
injections, when looking for all related publications between the earliest available date (the
first knee injection in the PUBMED/MEDLINE dated 1897) and December (week 3) of
2010. There were no language restrictions. The following is an example of the query that
was performed for the PUBMED/MEDLINE database: (“knee”[MeSH Terms] OR “knee”
[All Fields] OR “knee joint”’[MeSH Terms] OR (“knee”[All Fields] AND “joint”[All
Fields]) OR “knee joint”[All Fields]) AND ((“injections”’[MeSH Terms] OR “injections”
[All Fields] OR “injection”[All Fields]) OR (“injections”[MeSH Terms] OR “injections”
[All Fields])). Records from the query were further filtered to extract evidence-based
publications in the format of systematic reviews, which included systematic reviews, meta-
analyses, and clinical trials. A further manual search was undertaken to exclude non-relevant
papers by the title. The abstracts were subsequently reviewed and the full text publications
were retrieved whenever necessary. Only those publications of systematic reviews, meta-
analysis, and clinical trials/observational study of historical interest were chosen for this
review. The level of evidence and implications for recommendations of the all-included
studies were graded according to Guyatt and co-authors, modified by our groups (9,10)
(Table 1). This method of level of evidence classification takes into account of the type of
the study (systematic review with/without meta-analysis, randomized controlled trials
(RCT), or observational study), the quality of the study (methodological design such as
sample size and power analysis), and the quantity of studies included in meta-analysis and
systematic reviews. The level of evidence of systematic reviews or meta-analyses was
graded according to the same scale, by the quality of studies incorporated into a particular
meta-analysis or systematic review. Two of the authors (O.C. and D.S.) independently
performed the search and extracted data from articles. The extraction of publications thought
to be of interest for pain physicians was also performed (B.V. and J.C.). Any disagreements
were resolved by discussion.
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Results and discussion

The query yielded 4304 records. There were 46 systematic reviews, including 31 with meta-
analysis, and 871 clinical trials, including 642 randomized controlled trials records
identified. The Cochrane database search identified 86 systematic review records and 817
clinical trials. The publications reviewed in this article resulted from subsequent manual
search to exclude non-relevant papers based on the title and/or the content of the abstracts.
The literature had a common focus on the comparative effectiveness of the various injectates
of knee injections. We did not find publications that focused on comparing different
technical approaches (such as knee position and needle site, blind injection versus
ultrasound or fluoroscopy guided injection). Nevertheless, it is true that most of the
injections were performed at an injection site above the tibial plateau and lateral to the
patellar tendon with the knee flexed at about 90 degrees and without ultrasound or
fluoroscopy guidance. We thus organized the review by material injected. We also tabulated
the key findings by the types of arthritis to facilitate cross reference and improve clarity
(Tables 2 and 3).

Steroid injection

Intraarticular corticosteroid injection (IACI) of the knee is a well-established procedure.
Evidence of effectiveness of IACI in RA was reported in a meta-analysis (11) (1A+ level).
Five RCTs (n=346) which addressed the effectiveness of IACI over the placebo were
identified. There was evidence that the injections improve pain, knee flexion and extension,
knee circumference, morning stiffness, and duration of efficacy (up to 22 weeks in the
steroid-treated groups compared to 1 week in the placebo treated groups). The effectiveness
of IACI may be dose-related. There was no evidence of harm so it is appropriate that IACI
continues to be used and be properly evaluated.

Two meta-analyses evaluated the effect of IACI on OA of the knee. Five RCTs (n=312)
showed clinically and statistically significant reduction of osteoarthritic knee pain 1 week
after injection. The beneficial effect could last for 3 to 4 weeks, but is unlikely to continue
beyond that (12) (1A+ level). The second meta-analysis showed that the numbers needed to
treat to get one improvement was 1.3 to 3.5 patients (13) (1A+ level). The improvement of
symptoms after IACI only lasted up to two weeks. A dose equivalent to 50 mg of prednisone
may be needed to show longer benefit.

The main beneficial effect of IACI is pain relief (14). The duration of this effect is variable.
Inflammatory problems generally had a higher rate of favorable response in terms of pain
and function. IACI at the knee joint in JRA resulted in remission for >6 months in >80% of
the patients with a mean duration of approximately 1.2 years. Pain relief was 8 weeks in RA
and only 4 weeks in OA. IACI may also induce remission in patients with oligo-/
polyarthritis and in patients with extra-articular manifestations. In addition to pain relief,
IACI also improved gait patterns in terms of walking velocity and joint moments in patients
with juvenile rheumatoid arthritis (JRA) (15) (2C+ level). It is noteworthy that IACI
influences the gait pattern also in joints that have not been injected. Clinical trials also
suggest that early and continued use of IACI may be associated with less leg length
discrepancy in young children with pauciarticular JRA (16) (2C+ Level). This may indicate
decreased duration of synovitis. In addition to clinical and kinematic observations,
quantitative magnetic resonance imaging (MRI) can differentiate between therapeutically
induced changes in inflammation and synovial proliferation in RA of the knee and is
sensitive enough to detect change after one week (17) (2C+ level).

Comparison between injections of triamcinolone hexacetonide (TH, Aristospan) and
triamcinolone acetonide (TA, Kenalog) in treatment of JRA suggest that TH offers an
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advantage to TA and should be the intraarticular steroid of choice (18) (2C+ level). The
mean time to relapse was over 10 months in the TH group (114 joints) and less than 8
months in the TA group (113 joints). Triamcinolone was compared to betamethasone and
methylprednisolone in a 2009 systematic review of studies on patients with OA. It appeared
that triamcinolone was more effective than betamethasone and methylprednisolone, though
not all of the studies used a validated outcome measure such as the VAS pain scale (19) (1B
+ Level). Also, remission in patients with JRA was longer with concomitant treatment with
TH, methotrexate, and general anesthesia for the procedure (20) (2C+ Level). Furthermore,
aspiration of synovial fluid can reduce the risk for arthritis relapse when treating RA patients
and arthrocentesis should thus be included in the IACI procedure (21) (1B+ Level).
Moreover, there is some evidence to support the use of IACI and resting a knee following
injections (11) (2B level). The studies involved adult participants so any conclusions can
only be applied cautiously to children. Further research is required to examine the use and
type of rest and the differential responses of different joints following injections. A
significant proportion of rheumatologists and general practitioners performing steroid
injections of the knee advise patients not to weight-bear post-injection for one or two days
(22) (0 Level).

Comparisons between the 3 most common treatment strategies for knee monarthritis:
nonsteroidal antiinflammatory drugs (NSAIDs) only, NSAID trial followed by IACI if
arthritis was not resolved after 2 months, and initial IACI, suggest that initial IACI appears
to be the optimal treatment strategy for knee monoarthritis in JIA (23) (2C+ Level). The
NSAID trial strategy may avert IACIs in some patients, but at a cost of continued active
arthritis. The number of patients that need to be treated with the NSAID trial strategy to
avoid a single IACI compared with the initial IACI strategy is 3.8 with an expected
additional cost of 6.7 months of active arthritis. The large majority of patients (92%)
preferred the initial 1ACI strategy.

Repeated intraarticular injections of 10 mg methotrexate were compared with a single
injection 40 mg triamcinolone hexacetonide in patients with definite RA and knee effusions
(24) (2C+ level). The intraarticular granulocyte counts and IL-8 levels decreased in all
methotrexate treated patients on day 10-13 and stayed low in those patients who could be
re-evaluated after 13 weeks. Compared to the IL-8 levels, the other tested cytokine levels
showed only minor changes on day 10-13. Intraarticular methotrexate therapy results in a
strong decrease of SF-granulocyte counts. This effect may be due to the impairment of 1L-8
mediated chemotaxis by decreased IL-8 synthesis in synovial fluid mononuclear cells.
Clinically, repeated intraarticular methotrexate therapy resulted in a worse 13 week outcome
than IACI treatment measured in an intention-to-treat analysis.

Addition of 600 mg rifampicin or 50 mg methotrexate to the injection of 20 mg
triamcinolone hexacetonide was tested in RA (25) (2B+ level). Eighty-two patients on stable
therapy were allocated at random to receive intraarticular TH alone, TH and methotrexate
(TH+M) or TH and rifampicin (TH+R). Pain was significantly better in the TH+R group
compared with TH alone (P=0.039, Mann Whitney U). The median duration of improved
pain scores was 13.5 weeks with TH alone, 10 with TH+M and 19 with TH+R. Examination
and microwave thermography revealed improvements compared with baseline, but there
were no significant differences between the groups. Eleven of 28 patients treated with TH+R
developed a flare of post-injection pain. It is concluded that while the addition of rifampicin
improved pain relief, post-injection pain associated with rifampicin needs to be addressed.

There are systemic effects associated with IACI (26). Serum cortisol decreased within hours
with a nadir after usually 24-48 h following the IACI. Recovery to baseline takes 1-4 weeks
and sometimes longer depending on the type and dose of IACI and on the number of
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injected joints. Serum cortisol levels were blunted following adrenocorticotropic hormone
stimulation in a small proportion of patients following methylprednisolone acetate injection
and more common following other preparations. IACI resulted in a transient increase in
blood glucose levels over few days in controlled diabetic patients with peak levels around
300 mg/dL. IACIs are associated with reduction in inflammatory markers like C-reactive
protein and erythrocyte sedimentation rate that started a few days following the IACI and
could last for months. The effect on inflammatory cytokines is immediate with a significant
decrease within hours. The release of corticosteroid into the circulation also provides some
generalized improvement. This can prove helpful during the management of flares of
inflammatory disease. These systemic effects of IACI may be related to remission of extra-
articular manifestations.

Adverse effects are either rare or insignificant (8,14). There was no joint space loss at the
knee joint following multiple IACI in OA and also no increase in cartilage or bone erosions
in RA following a single IACI. Abnormal uterine bleeding, hypertension, and
hyperglycemia rarely cause problems (27). The risks are mainly related to the discomfort of
the procedure, localized pain post-injection, and flushing. Application of 2.5¢g lidocaine/
prilocaine cream for 60-90 min had no statistically significant analgesic effect on pain
associated with injections of steroids into the knees of children with juvenile arthritis (28)
(2B- Level). Septic arthritis rate is very low and probably occurs in about 1 in 10,000
injections. Careful aseptic technique is the best protection. Other rare adverse effects
included intraarticular and periarticular calcifications, cutaneous atrophy (~2%), cutaneous
depigmentation, avascular necrosis, rapid destruction of the femoral head, acute synovitis,
Charcot’s arthropathy, tendinopathy, Nicolau’s syndrome, and joint dislocation.

Hyaluronate injection

Intraarticular injections of hyaluronic acid (HA) have been advocated for treatment of
symptomatic knee in OA. HA is the major constituent of a 1-2-micron layer on the surface
of articular cartilage as well as a major constituent of synovial fluid (SF). Solutions of HA
can act as lubricants when movements are slow and as shock absorbers when movements are
fast. HA may thus protect the articular cartilage and soft tissue surfaces from trauma during
joint function. In arthritis, the molecular weight of HA is reduced, and so are its protective
properties. Intraarticular HA may provide a way of reversing this and may also have anti-
inflammatory effect. HA is thus used to relieve pain and improve function, usually in
patients with knee OA. Hyaluronan preparations available in the US include sodium
hyaluronate (Hyalgan, Supartz, or Euflexxa), Hylan G-F 20 (Synvisc), and high-molecular-
weight-Hyaluronan (Orthovisc) (29).

There were 7 meta-analyses of the effectiveness of 1A injection of HA for the treatment of
knee osteoarthritis compared to placebo or 1ACI, five of which found 1A injection of HA
efficacious in the management of OA (30-34) (2B+ levels) while the other two did not show
significant effects (35,36) (2B- level). Nine out of 10 guidelines on management of knee
OA contained positive recommendations on the use of HA (37).

A early study reports that approximately 2/3 of treated knees received 2/3 relief of pain in 80
knees with symptomatic OA treated with HA (38) (2C+ Level). HA treatment is not
appropriate for all patients with knee OA. Overall, less than 50% of treated knees achieved
satisfactory results, and only 35% reported increased activity. Twenty-two patients (28% of
knees) underwent surgery within 7 months of their injection, suggesting an inadequate
response to treatment. The treatment is not without complication because 11 patients (15%
of knees) experienced adverse reactions, including one case of septic arthritis. The authors
recommend intraarticular HA only for patients with symptoms and significant surgical risk
factors and for patients with mild radiographic disease in whom conservative treatment has
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failed (physical therapy, weight loss, NSAIDs, and IACI). It is inadvisable to treat patients
with a complete collapse of joint space or bone loss with intraarticular HA, given their poor
clinical response.

Intraarticular injection of HA may by effective for up to 3 months for OA knees,
significantly better than the placebo (39) (2B+ level). The effective peak was one week after
weekly injections for five consecutive weeks. The effective period could last up to three
months without additional treatment. The efficacy on OA knees was more prominent for
relief of motion pain and improvement of knee movement. No side effects developed during
a six month period in this study.

More recent studies showed seemingly conflicting results in patients receiving intraarticular
HA injections for OA (35) (2B~ level). While some studies showed clinically meaningful
positive effect, the more recent FLEXX trial, however, suggests that the positive effect may
be questionable (40) (2B+ level). In this prospective study of 588 subjects at 26 weeks there
was a 53% reduction of pain from baseline in patients who received three weekly
intraarticular injections of bioengineered 1% sodium hyaluronate (EUFLEXXA) as
compared to a 38% reduction in patients who received intraarticular saline. Of note is the
seemingly high 38% reduction in pain in the patients who received saline injection. In a
study of 337 patients evaluated over 1 year, however, it was found that intraarticular sodium
hyaluronate (Hyalgan) injected weekly for 5 weeks had no significant difference from saline
(41) (2B~ level). These results are seemingly conflicting but may be explained by
differences in the experimental designs and the duration of the observations.

Intraarticular injection of polynucleotide gel was compared to hyaluronan in 60 patients with
OA and both groups achieved statistically significant pain reduction, though no significant
difference between the two groups (42) (2B+ level). Condrotide-Turnover Joint is a new
product composed of polynucleotides 20 mg/ml which bind water and form a 3-D gel that
can moisturize articular surfaces. Polynucleotides are natural derivatives of fish sperm that
are sterile and apyrogenic but with viscoelastic and trophic properties. This may represent a
new direction of research.

Comparisons between placebo, glucocorticoids and viscosupplementation in patients with
OA suggest that HA had a slightly longer period of benefit than triamcinolone hexacetonide
or placebo (43) (2C+ level). Current evidence suggests that viscosupplements probably
provide a similar level of pain relief to glucocorticoids and do so for several months, but the
onset is slower, and there is a potential for local adverse reactions. There is a large placebo
effect from intraarticular injections, and the benefits of intraarticular glucocorticoids may be
only slightly better than this effect in the OA population. Studies of intraarticular HA also
show a marked placebo response, which may be more prolonged than that of
glucocorticoids. Sodium hyaluronate and corticosteroid appear to have comparable clinical
effects, but affect differentially on specific biomarkers (44) (2B+ level). Sodium hyaluronate
may have protective effects on articular cartilage by increasing the hyaluronase
concentration in synovial fluid. There may also be inhibitory effects on the catabolism of
articular cartilage by reducing the concentration of matrix metalloproteinase (MMP-9).
Other marker levels did not differ significantly between groups.

One meta-analysis assessed the efficacy of IA injections of HA in patients with RA (45) (1A
+ level). Data from 5 RCTs (720 RA patients) was pooled for meta-analysis and the results
indicated that IA HA is an effective and safe alternative therapy for the RA knee as it
provided reliable pain reduction and reduction in inflammation. No serious side-effects were
reported, while minor adverse effects were only reported in patients after HA treatment.
Arthrocentesis is effective in reducing the risk for arthritis relapse after 1A injection of HA
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to rheumatoid knees with joint effusion, as suggested in a study of 118 patients (46) (2B+
level). Predicting responders are duration of knee arthritis, C-reactive protein, and
radiological scores.

Induction of acute calcium pyrophosphate dihydrate arthritis after the intraarticular injection
of Hylan G-F 20 (Synvisc) has been reported in three cases (47) (0 level). Pain and swelling
of the knee occurred a few days after injection of Hylan G-F 20, accompanied by a severe
loss of physical function. A microscopic investigation of the synovial fluid showed evidence
of calcium pyrophosphate dihydrate crystals. Bacterial contamination was not detected.
Some days after receiving NSAIDs and an intraarticular injection of steroids, the symptoms
disappeared.

Injection of radioisotopes

Radiation synovectomy (RSO) is a useful treatment modality in RA patients with refractory
knee synovitis. Forty-nine studies were included in a meta-analysis on 90Yttrium-RSO used
predominantly in knee joints (48). The reported success for 90Yttrium was 24-100% at 6—
12 month (1A+ level). At 6 months, the pooled odds ratio favoring RSO of the knee with
Yttrium over control (GC or saline injection) was 4 (confidence interval 95% 1.2-14,
p=0.02), but was not significant at 12 months.

In the first study of radiation synovectomy using 188Re-tin-colloid for patients with
rheumatoid arthritis, the treatment resulted in an improvement of arthritis and was well
tolerated (49) (2C+ level). Radiation synovectomy using 188Re-tin-colloid was performed
in 22 knees from 21 RA patients refractory to intraarticular corticosteroid injection. Pain
intensity on a visual analogue scale decreased significantly 12 months after therapy (68 mm
vs. 25 mm). Pain decreased in 19 cases (86.3%), joint tenderness improved in 14 cases
(63.6%) and joint swelling was reduced in all cases (100%). 188Re-tin-colloid was safe with
residual activity of 0.077% of the injected dose in the blood and 0.14% in the urine. No
clinical side-effects or abnormalities in leucocyte count, platelet count, liver function tests or
urine analysis were observed in any patient. Radiation synovectomy using Re-tin colloid in
refractory RA patients improved magnetic resonance imaging (MRI) findings as well as
clinical parameters (50) (2C+ level). Sixteen patients with RA refractory to intraarticular
corticosteroid therapy were treated with intraarticular injection of Re-tin colloid. Synovial
thickening measured by gadolinium-enhanced MRI of treated knees improved in 87.5% of
patients at 6 months after therapy. Pain intensities on a visual analogue scale were
significantly lower, joint swelling improved, range of motion increased, and joint tenderness
decreased in treated knees after 6 months. The contralateral control knees did not show any
significant clinical improvement.

One of the concerns over radionuclide synovectomy is radiation doses delivered to non-
target organ systems due to leakage of radioactive material from the articular cavity.
Comparisons have been made between extra-articular leakage values of the 3 commonly
used radiopharmaceuticals; 90Y-citrate, 90Y-silicate and 186Re-sulfide colloid in 35
patients with persistent synovitis (51) (2C+ level). No visible leakage was observed. The
median leakage values calculated for 90Y-citrate, 90Y-silicate and 186Re-sulfide were
found as 1.9%, 2.4% and 2.7%, respectively. There was no significant difference in terms of
extra-articular leakage between the 3 radiocolloids.

Radiation synovectomy is frequently combined with intraarticular corticosteroid injection in
the treatment of RA to reduce local inflammation and lymphatic clearance of radiocolloid.
Whether simultaneous corticosteroid injection together with radiocolloids is necessary in
other forms of chronic synovitis is investigated in patients with hemophilia (52) (2C- level).
One of 12 patients who had knee arthroplasty was previously found to have a high amount
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of leakage, 70% of radiocolloid at the injection site drained into the pelvic lymph nodes. In
the remaining 11 patients, no lymph nodes were visualized in the groin area and the
measured average leakage for these patients was 2.3%. It is suggested that in cases of
appropriate particle size and strict immobilization of knee joints (splinted for 48 hours),
leakage of radiocolloid was minimal and steroid coinjection might not be necessary for
radiosynoviorthesis of patients with hemophilia with chronic knee synovitis.

Samarium-153 particulate hydroxyapatite has also been evaluated in patients with persistent
rheumatoid knee synovitis (53) (2C+ level). Intraarticular injection of samarium-153
particulate hydroxyapatite combined with triamcinolone hexacetonide was performed in 18
patients who had failed to obtain more than 4 weeks symptom relief from a prior
intraarticular glucocorticoid injection. Symptom relief was maintained in 56% patients at 6
months and in 44% of patients at 12 months following treatment. Median duration of
symptom relief was 9 months. No unwanted effects from the treatment were observed.
However, a later double blind controlled trial did not show clear beneficial clinical effect of
combined Sm-153 PHYP/triamcinolone hexacetonide injection over triamcinolone
hexacetonide alone a year after treatment for chronic knee synovitis (54) (2B- level).

Injection of other agents

Intraarticular injections of botulinum toxin Type A (BoNT/A) for refractory joint pain were
reported in a case series review of 12 month clinical experience (55) (2C+ level). Eleven
patients (15 joints) with chronic arthritis who were not surgical candidates were injected. All
patients were on analgesic and/or anti-inflammatory medications and all joints had previous
intraarticular steroid or viscosupplement injections with inadequate or unsatisfactory benefit.
A clinically and statistically significant improvement was noted after IA-BoNT/A injections.
The mean maximum decrease in lower extremity joint pain was 55% and 36% at 4 and 10
weeks after injection respectively. This report was confirmed by a recent RCT, which
demonstrated that intraarticular injection of BONT/A is an effective and safe treatment for
chronic joint pain disorders (56,57) (2B+ level). Mechanistically, BONT/A may interact with
the nociceptive neurons, as we have recently shown (58), and/or act centrally through
retrograde axonal transport (59-61) to produce analgesic effects that are independent of
muscle relaxation. Animal experiments demonstrate that BoNT/A inhibits not only the
exocytosis of acetylcholine at the neuromuscular junctions but also other neurotransmitters
such as glutamate, substance P, and calcitonin gene related peptide (62—64), all of which
have been indicated in pain transmission (65-71).

Intraarticular morphine was tested in chronic arthritis in a randomized double-blind study
(72) (2B+ level). Comparison was made between intraarticular morphine (3 mg),
dexamethasone (4 mg) and saline (3 ml) in 44 patients with chronic inflammatory arthritis or
OA of the knee. During the first 6 h after injection both morphine and dexamethasone
significantly reduced VAS and pain rating indices (PRI) in comparison to saline. Both
substances also produced a significant reduction of PRI compared to saline during the
subsequent 5 days. No patient displayed untoward side effects. Synovial leukocyte counts
were lower after morphine than after saline. It is concluded that, intraarticular morphine
produces analgesia of similar magnitude to dexamethasone and it may have
antiinflammatory actions in chronic arthritis.

The pain in arthritic knees has been associated with increased expression of nerve growth
factor. The hypothesis of analgesic efficacy of tanezumab, a humanized monoclonal
antibody that binds and inhibits nerve growth factor, was recently studied in 450 OA
patients (73) (2B+ level). The mean reductions from baseline in knee pain while walking
ranged from 45 to 62% with various doses of tanezumab, as compared to 22% with placebo.
The rate of overall positive clinical response ranged from 74 to 93% with tanezumab
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treatment, compared to 44% with placebo. The rates of adverse events were 68% and 55% in
the tanezumab and placebo groups, respectively.

Interestingly, this concept was tested in 91 patients with OA, when the platelet-rich plasma
(PRP), a natural concentrate of autologous growth factors from the blood, was injected 1A in
115 knees (74) (2C+ level). The hypothesis was that the utilization of PRP could bring a
stimulation of the chondral anabolism and a reduction of the catabolic processes. The
procedure consisted of 150-ml of venous blood collected and twice centrifugated: 3 PRP
units of 5 ml each were used for the injections. Clinical evaluation before and at the end of
the treatment, and at 6 and 12 months follow-up showed that younger patients responded for
the treatment, with improved activity in daily living up to 6 months after the injection.
Improvement in only 30% of the patients older than 65 years was noted.

Intraarticular injection the 5-HT3 receptor antagonist tropisetron was equally effective
compared with methylprednisolone in a double-blind study (75) (2B+ level). Thirty-four
patients with gonarthritides or activated OA (18 patients with rheumatoid arthritis, 16
patients with OA) were treated with a single intraarticular injection of 10 mg tropisetron (18
patients) or 40 mg methylprednisolone (16 patients). The results showed that by means of
the intraarticular tropisetron treatment, the inflammatory joint process with arthritides and
activated arthroses could be influenced in a similar way as with corticosteroid treatment. No
significant differences were detected. It appears that intraarticular treatment with the 5-HT3
receptor antagonist tropisetron in patients with gonarthritides and activated arthroses was
about equally effective as those for treatment with corticosteroids. It may be used as an
alternative in patients for whom concomitant diseases like diabetes and hypertension make it
difficult to use corticosteroids. Whether increasing the tropisetron dose may further improve
the results remains to be determined.

Intraarticular injection of SB-210396/CE 9.1, an anti-CD4 monoclonal antibody that has
documented efficacy in RA when given intravenously, appears to be safe and efficacious
(76) (2B+ level). Thirteen RA patients with active, resistant knee synovitis, were
randomized to intraarticular injection of placebo (n=3), 0.4 mg (n=3) or 40 mg (n=7) of anti-
CD4 after sequential dynamic gadolinium enhanced MR, followed by same day
arthroscopy and synovial membrane biopsy. Imaging and arthroscopic synovial membrane
sampling were repeated at 6 weeks. Twelve patients completed the study (one placebo
treated patient refused further MRI). Arthroscopic improvement was observed in 0 of 2
placebo patients but in 10 of 10 patients receiving active drug (>20% in 6 of 10).
Improvement in MRI was consistently observed in all patients of the 40 mg group but not in
the other two groups. A reduction in SM CD4+ score was noted in the 40 mg group and in
the 0.4 mg group. Strong correlations both before and after treatment were identified
between the three imaging modalities. Intraarticular delivery of SB-210396/CE 9.1 appears
to be well tolerated, safe, and efficacious in improvement of coordinated MRI, arthroscopic,
and histological imaging.

Intraarticular injection of 1g immunoglobulin G (1gG) was used to assess local anti-
inflammatory effects of high dose 1gG in RA (77) (2B- level). Eleven patients with RA,
having flare-up of knee joint synovitis, were included in the study. Six received an
intraarticular injection of 1g of 1gG in 10 ml saline and five received an intraarticular
injection of 10 ml physiological saline alone. The effect of the treatment was evaluated
clinically and by magnetic resonance imaging using gadolinium contrast enhancement. In
one of the six patients that received intraarticular IgG and one of the five control patients a
modest decrease of synovial hypertrophy was noted. None of the patients experienced
clinical improvement as a consequence of the treatment. The results of this study do not
support local administration of 1gG as an anti-inflammatory treatment in patients with RA.
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Intraarticular injection of rAAV2-TNFR:Fc, an adenoassociated virus serotype 2 vector
containing the cDNA for the human tumor necrosis factor (TNF)-immunoglobulin Fc fusion
gene (tgAAC94) has been tested in a phase 1 study in 15 subjects with inflammatory
arthritis (78) (2B+ level). Intraarticular injection of rAAV2-TNFR:Fc was well tolerated
with no major safety issues. At 12 weeks after injection, a two-point decrease in swelling
was noted in 2/11 and 2/4 subjects injected with rAAV2-TNFR:Fc and placebo,
respectively. Synovial fluid TNFR:Fc protein was not detected (nor expected) at the doses
used. A single dose of intraarticular rAAV2-TNFR:Fc appears to be safe and well tolerated
in subjects without concurrent systemic TNFa antagonist use. It is thus feasible to proceed
with larger trials to further test the safety and efficacy of local TNFR:Fc gene transfer as a
therapeutic modality for patients with inflammatory arthritis.

An A administration of anakinra, a recombinant form of competitive antagonist of human
IL-1 receptor, initially was found to be beneficial in a small observational study of 13
patients with OA (79) (2C+ level). However, recent RCTs results produced conflicting
results (80,81) (2B+, 2B levels).

There have been studies evaluating the effect of various subcutaneous, rather than
intraarticular, injections for the treatment of knee OA. Subcutaneous injection of Articulatio
Genus D5 (AG5), a cartilage preparation, was injected subcutaneously three times a week
for 4 weeks in the affected knee in a study of 91 OA patients (82) (2B+level). This was not
superior to placebo in terms of arthritis index scores, but was found to reduce pain and have
an opioid-sparing effect that could prompt further research. In a small study of 20 patients,
the injection of sodium pentosan polysulfate (Pentosan) led to improvements in functional
outcome and patient satisfaction (83) (2C+ level). Pentosan is a semi-synthetic drug
manufactured from hemicellulose with an average molecular weight of 5700 Daltons. It was
designed to work as a heparin-like agent that interferes with binding of factor Xa to
thrombin by an AT-111-independent mechanism. It has been used as thrombosis prophylaxis
and treatment of phlebitis for 50 years in Europe, but not considered previously for arthritis.
It is intended to reduce cartilage degradation by decreasing inflammatory mediators such as
MMP-3, IL-1 and TNFa.. It increases the amount of proteoglycan incorporated into
extracellular matrix and increases the synthesis and molecular weight of hyaluronan.

Many other agents have been injected intraarticularlly or periarticularly in the treatment of
knee pain. These include silicone (84), lactic acid(85), osmic acid (86), orotein(87), dextrose
prolotherapy (88), non-steroidal anti-inflammatory drugs (89), glucosamine (90),
somatostatin(91), chloroquine (92), mucopolysaccharide polysulfuric acid ester (93),
cytostatica (combination of osmic acid, and alkylating agents thio-tepa and azetepa) (94),
herbal alkaloid ligustrazine (95), and saline lavage (96,97). However, these agents were
found to be either marginally effective or had significant side effects, or the trials with these
agents were not adequately controlled, weakening their recommendations (2B-, 2B+, 2C-
and 2Cx levels).

While some studies reported effectiveness of local anesthetics [procaine (98), lignocaine
(99), bupivacaine alone(100)or its combination with magnesium sulfate, NMDA receptor
antagonist (101)] in the management of knee pain, they have been not recognized as a
standard practice for management of chronic knee pain. However, a recent study has brought
a new perspective on use of local anesthetics in management of chronic knee pain.
Periarticular branches of the femoral, common peroneal, saphenous, tibial, and obturator
nerves (superior lateral, middle, superior medial, inferior lateral, inferior medial, and
recurrent tibial genicular nerve) pass periosteal areas connecting the shaft of the femur to
bilateral epicondyles and the shaft of the tibia to the medial epicondyle. Diagnostic blockade
provided a temporary pain relief in patients with knee OA. Under fluoroscopic guidance
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lidocaine (2 mL of 2%) was injected at each target site. Responses were recorded as positive
if the participant experienced a decrease in numeric pain scores of at least 50% for more
than 24 h. Patients with a positive response were offered a radiofrequency neurotomy
procedure (102) (2B+ Level).

Of the agents or interventions described in this section only knee lavage was assessed
quantitatively in a systematic review fashion. The meta-analysis of six RCTs in 855 patients
with OA showed no significant improvement in pain or function (96) (2B- level). A recent
Cochrane review found little evidence for a benefit of joint lavage in terms of pain relief at
three months, corresponding to a difference in pain scores of 0.3 cm on a 10-cm visual
analogue scale between joint lavage and control (97) (2Bz level).

Conclusions

The treatment of pain associated with knee OA and RA remains challenging. It is not
uncommon that a patient is referred to a pain management specialist due to failure of
conventional systemic oral or parenteral treatment. Intraarticular injections of the knee
provide an indispensable step in the continuum of management of knee pain from
conservative to surgical interventions. It is important to make a distinction between
osteoarthritis and rheumatoid arthritis. There is strong evidence that supports the use of
intraarticular corticosteroid injections for rheumatoid arthritis (LA+ level), osteoarthritis (1A
+ level), and juvenile idiopathic arthritis (2C+ level), leading to significant pain relief and
functional improvement for months up to one year. Triamcinolone hexacetonide offers an
advantage over triamcinolone acetonide and is the steroid of choice (2B+ level).
Intraarticular injection of hyaluronate may provide longer pain relief than steroid injection in
osteoarthritis (2B+ level) and can also be effective for rheumatoid arthritis (LA+ level).
Botulinum toxin Type A injection is effective in reducing arthritic knee pain and so is
tropisetron and tanezumab (all at 2B+ level). Other agents, such as rAAV2-TNFR:Fc,
SB-210396/CE 9.1, and various radioisotopes, have provided various degrees of success, but
their long-term safety and efficacy remains to be determined.
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Table 1

Summary of Evidence Scores and Implications for Recommendation ™
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Score  Description Implication
1A+ Effectiveness demonstrated in various RCTs ™~ of good quality. The benefits clearly A
outweigh risk and burdens
1B+ One RCT or more RCTs with methodological weaknesses, demonstrate effectiveness. The \  Positive recommendation
benefits clearly outweigh risk and burdens
2B+ One or more RCTs with methodological weaknesses, demonstrate effectiveness. Benefits
closely balanced with risk and burdens /
2B+ Multiple RCTs, with methodological weaknesses, yield contradictory results better or )
worse than the control treatment. Benefits closely balanced with risk and burdens, or
uncertainty in the estimates of benefits, risk and burdens. L, Considered, preferably study-
related
2C+ Effectiveness only demonstrated in observational studies. Given that there is no conclusive
evidence of the effect, benefits closely balanced with risk and burdens )
0 There is no literature or there are case reports available, but these are insufficient to
suggest effectiveness and/or safety. These treatments should only be applied in relation to Only study- related
studies
2C- Observational studies indicate no or too short-lived effectiveness. Given that there is no 3
positive clinical effect, risk and burdens outweigh the benefits
2B- One or more RCTs with methodological weaknesses, or large observational studies that do
not indicate any superiority to the control treatment. Given that there is no positive clinical
effect, risk and burdens ! Negative recommendation
. . . . - " outweigh the benefit
2A- RCT of a good quality which does not exhibit any clinical effect. Given that there is no

positive clinical effect, risk and burdens outweigh the benefits

1

*
From Van Boxem K, Cheng J, Patijn J, van Kleef M, Lataster A, Mekhail N, Van Zundert J. 11. Lumbosacral radicular pain. Pain Pract.
2010;10:339-58.

Aok

RCT=randomized controlled trial.

Pain Med. Author manuscript; available in PMC 2013 June 01.



Page 18

Cheng et al.

[eL1) P3]]0AU0D PazZIWOopURI=1 DY ‘SHIYLE PIofeWNayi=\Y ‘SIHLYLEL08ISO=\YQ 10108} YIMoIB aAIsu=49N

“JUBWIAA0AdWI [BIIUIID JO UOHEIND 3Y} SB YONS S3INSBal 3LIOIINO Ul SBOUBISIIP 3yl Ag pautejdxe aq Aew 80USPIAS JO S|9A3] 8y} Ut satouedalosip ay |
*

Sa119s
dn mojjo} yluow 9 Je Juswanoidwi [edtund T6=U - 958D 9AI198ds0Id +,0T0Z '[e 18 'J UoH +0¢ (dyd) ewseld you-1sj81e|d
Ja1181 ured wug) Uoys
Buipinoad p10a1soo11i09 se daAIdaYa Ajjenb3 yy=u 104 2,666T '[e19 'V UIRlS +9¢ suiydao
(as1uobejue
P10J31S0011409 Se dAIdaya Ajlenb3 | (w0 9T ‘v 8T) ve=u 10 ¢, 7002 "[2 18 ‘M Disloquies +g2 J01dadau €] H-G) uoayasidod |
dn-mo||a} (Apognue jeuojoouow
YIuow 18 94E6—/ d1ed asuodsal aA1ISOd 0Sp=u 10d ¢,0T0C '[9 ‘IN 8ueT] +92 | 49N psziuewny e) gewnzaue |
‘dn mo||0} Jeak T Je 0gade|d WOy 93UIBKIP ON J€€=U 10¥ 1y0T0Z '[e 18 'V ussuablior -az
‘dnoib
]0J3U02 BUIeS Ul UoIINPal ured 958€ ‘Syaam
9z 1e dnoJb ayeuoinfeAy ui uononpal ured g,es 88G=U 104 0y6002'[B 19 ‘Uewl|v F4d2
168002 ‘[2 19 ‘M Bueyz
0¢€00C '[e 18 'HO 07
5eG00C ‘[ 18 T Yoy
00 "[e 38 ‘1D Buem
sauljapinb QT N0 £eS00C '[e 1 < [BMEPOIN
6 Ul UOIIBPUBLILIODBI BAINSO ‘S108))8 aAImsod sauljapinb 2¢900¢ "[e 13 N[ BUIPaIN
puLS 10U PIP SM3IABI Z ‘asn s} oddns smalnal | sauljapind sonoeld ot aonoe.d Jo Malney 1€9002 "2 18 ‘N Aweyjeg
17eWIB)SAS JUBJ8) G "SYIUOW £~ S108)0 [e1oyauag |  Smalnal onewalsAs / SMaIAR J1TRWaISAS 0£6002°[2 18 “yy ninuueg +42 . SreuounredH
'salpnis Alljenb
ybiy sy ur Ajuo umoys (s%98M g—9T) asuodsal sIsAjeue-elow
wJa} Jabuo {(Syaam z~) 11Jauaq Wwisl Hoys LTE=U'S1OY 0T | ynm mainas onewaishs | 17002 4 Ynws-1eakpoos ‘g jouy
‘sisAjeue-elaw
"SY9aM {7 0] € 1Se| S108)49 |eIdlyauag ZTE=U'SIDE S | Yum Mainal d1leWLISAS 217002 "IN semeq ‘Il UIMpoD +V1 P10481S021110D)
SJUBILLIOD az1s a|dwes Apnis Jo sadA 1L S90UB43J9Y | 92UBPIAG JO 9N syuaby
SI111Yy}eoa1so 10j wco_uom.—:_ 99U
Z39l|qelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pain Med. Author manuscript; available in PMC 2013 June 01.



Page 19

Cheng et al.

[eL1] P3]|0AIU0D PazZIWopURI=1 DY ‘SILIYLE PIojeWNaYI=\Y ‘SNLIYLE03ISO=YO

1uaWaAoidwl [ealuld oN TI=U 10d 419667 '|e 19 '3 abbeg -g¢ (961) © unngojbounwiw
Buibew jeaibojoisiy (Apognue euojoouow
pue ‘01dodsoiyLIe ‘|4 IA 0 Juswanodw| €T=u 10d 9,666T ‘[€18 ‘TA 3[eaA +d2 | ¥QO-nue ue) T'6 30/96€0TZ-9S
(vo /7002 (1siuobejue
P1013]S0011109 Se 8A1193)43 Ajjenb3 9T ‘v 8T) ve=u 104 ‘e 18 ‘M Disioquies +92 101dagau €] H-G) uosyssidod |
syjuow ¢ 03 dn 1e JuswaA0Idw (v
1e21UI]2 JUBDILIUBIS ‘S1ILIYLIE J1U0IYd 104 $G=u 104 15002 "2 38 'Vr ybuis +4¢ /LNO0g) V¥ 8dA3 uixol wnuinlog
3UOJe PI0J31S01103 0} JoLiadns Jou 456661 PIOIS)SOILI0I YIIM
'SIHYMe pIofewnays Ajurew ‘spiyme 21uoIyd 09=u 10d ‘e 19 M3 And.o -a¢ UOHRUIQUIOD U £GT-WNLIBUIES
Adesayy .
J3)J® Jluow 9 JO Lyjuow ZT e Juswanoidwil 9T=u 052002 ‘818 "M ulys
o1ydesBoipes pue [earurd Juediyiubis TZ=u S3IpNIS |BUOITRAIBSUO dAI110adsS010Y 6€00C ‘[ 39 ‘g3 897 +0¢ PIOJ[09-11-0M88T
cre=u
%00T—¢ 40 S8lel $$800NS ‘sisAeue-e1aw ul gy600C
UM yluow 9 e yaijas ured yuediyiubis papnjoul saipmis TT | SISAjeue-eiaw Yim malnal 911ewsisAs ‘|2 18 ‘N JUBZ Jop UeA +V1 wnimpA 06
uondalul
P1013)s 0} A10J9B131 SIHIAOUAS plojewnayJ 104 sadojosioipey
uoljewwre|yul 5y600¢
10 uonoNpal pue uonodnpal uted ajge1lay 02/=U ‘1D G | SISAjeue-e1aW YIM M3IABI J1FeWSISAS ‘S 9){e10Y ‘S OleS +V1 ajeuoanjeAH
wiey 119002
0 92UBPING ON ‘S¥9aMm zgz 03 dn Juawanoidw] 9vE=U !S1DY § 'SMAINGY IBWIISAS '@ salIo "IN uajlep +V1I SP1048)S021110D
SjuUsWIWOD (u) azis ajdwres Apnis jo sadA | S90UBJ3J9Y | 92UBPING JO 9N syuaby
SiLyue ployewnsyl 104 wco_uom.—c_ UM
€9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Pain Med. Author manuscript; available in PMC 2013 June 01.



