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Background: Intra-articular normal saline (IA-NS) injections have been utilized as a placebo in a number of randomized controlled
trials pertaining to the management of knee osteoarthritis (OA); however, it is believed that these ‘‘placebo’’ injections may have
a therapeutic effect that has not been quantified in the literature.
Purpose: To (1) quantify the effect of IA-NS injections on patient-reported outcomes (PROs) and (2) compare postinjection PROs
to established minimal clinically important difference (MCID) criteria to demonstrate a potential therapeutic effect.
Study Design: Meta-analysis.
Methods: A review was conducted to identify all randomized, placebo-controlled trials on injection therapy for knee OA between
2006 and 2016. Patient demographics and PROs before the injection and at 3 and 6 months after the injection were collected for
patients in the IA-NS injection group in each study. A random-effects model was used to compare preinjection scores and scores
at each postinjection time point in a pairwise fashion.
Results: In total, there were 14 placebo cohorts in 13 studies that were analyzed after meeting inclusion criteria for this metaanalysis. This included 1076 patients (Kellgren-Lawrence grade 1-4), with a weighted mean age of 62.53 years and mean body
mass index of 28.67 kg/m2. There was only sufficient information to perform analyses of visual analog scale (VAS) pain and Western
Ontario and McMaster Universities Arthritis Index (WOMAC) total scores. At 3 months after the IA-NS placebo injection, there was
a significant improvement in VAS pain scores (mean difference [MD], 12.10 [95% CI, 3.27 to 20.93]; P = .007), whereas improvement
in the WOMAC total scores approached but did not reach statistical significance (MD, 19.75 [95% CI, –0.50 to 40.09]; P = .06). At 6
months, both VAS pain scores (MD, 16.62 [95% CI, 12.13-21.10]; P \ .00001) and WOMAC total scores (MD, 11.34 [95% CI, 7.0315.65]; P \ .00001) were significantly improved in comparison to preinjection values. Furthermore, improvements in both the VAS
pain and WOMAC total scores at 6 months were clinically significant (MCID, 1.37 and 9, respectively).
Conclusion: The administration of an IA-NS placebo injection yields a statistically and clinically meaningful improvement in PROs
up to 6 months after the injection in patients with knee OA. This observation supports the notion that the so-called placebo effect
for IA-NS injections achieves a clinically meaningful response in patients with OA when provided during comparison studies to an
active treatment group (ie, hyaluronic acid).
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pathological conditions, placebo treatment is superior to
a lack of treatment41 and, in some cases, can be as robust
and as effective as the actual comparison treatment
arm.37 This response, commonly labeled the ‘‘placebo effect,’’
stems from a complex interplay of sociopsychological factors,
including the therapeutic ritual of receiving a perceived
treatment, the interaction between patient and health
care provider, the clinician’s confidence in the treatment,
the patient’s personality effects, the method and frequency
of substance administration, and the expectation for
improvement by the patient.1,10 The true biological and

Placebo-control groups play a critical role in the development of new therapies and in establishing a ‘‘null’’ baseline
upon which a proposed intervention must demonstrate
improvement to substantiate clinical use. Both metaanalyses and randomized controlled trials of medical therapies and psychotherapies have confirmed that for numerous
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disease-modifying effect of placebo varies based on the disease and organ system but largely remains unknown.
Knee osteoarthritis (OA) presents a major economic burden to society with patient-reported pain and reduction in
the quality of life10 and therefore is the focus of numerous
ongoing clinical trials. Intra-articular normal saline (IA-NS)
has been utilized as a placebo in a number of randomized
controlled trials pertaining to the management of knee OA;
however, it is believed that these ‘‘placebo’’ injections may
have a therapeutic effect that has never been thoroughly
quantified in the literature. This is of particular importance
as often the interpretation of the results from placebocontrolled trials is affected by the magnitude of the response
to a placebo arm. That is, the magnitude of the effect from
a placebo will reduce the apparent effect size of the treatment
arm when comparisons are made.6 Beyond this, several
recent injection trials for knee OA have compared novel therapies, such as biological agents or platelet-rich plasma (PRP),
to existing standard-of-care treatments, such as corticosteroids (CS) or hyaluronic acid (HA), but have failed to include
a true placebo arm as well.8,13,36
In the present study, we utilized data from existing evidence level 1 studies to (1) quantify the effect of IA-NS placebo injections on patient-reported outcomes (PROs) and
(2) compare postinjection PROs to established minimal
clinically important difference (MCID) criteria to demonstrate a potential therapeutic effect.

IA-NS, nonoutcome studies (ie, incidence/predictive studies), reviews/systematic reviews, editorials, laboratory or
biomechanical studies, letters to the editor, or studies evaluating the treatment of nonknee joints. Each study was
reviewed by the same 2 independent reviewers, with any
data collection conflicts resolved by means of mutual agreement. Basic information including article year of publication
and journal of publication was first extracted.
Patient demographics that were detailed included the
number of patients, mean age, sex, body mass index, and
baseline Kellgren-Lawrence (KL) grade of OA. The type,
volume, preparation, and administration protocol (frequency or injection) of the saline-based placebo utilized in
each study placebo group were recorded. The following outcomes were documented for patients in the IA-NS group in
each study before the injection and at 1, 3, and 6 months
after the injection when available from the individual studies: visual analog scale (VAS) pain score both after walking
and at rest; Western Ontario and McMaster Universities
Arthritis Index (WOMAC) pain, stiffness, function, and total
scores; International Knee Documentation Committee
(IKDC) subjective score; Knee injury and Osteoarthritis
Outcome Score (KOOS) pain, symptoms, activities of daily
living, quality of life, sport, and total values; and Lequesne
functional index value. The number of patient complications, patient requirements for operative management or
proceeding to total knee arthroplasty in the study period,
and satisfaction were documented as well when available.

METHODS

Statistical Analysis

A systematic review of the available literature was conducted according to the guidelines set forth by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Two independent reviewers separately completed the search on April 1, 2016 using the
PubMed database on MEDLINE (April 1, 2006 to April 1,
2016) to provide a relevant, current sampling of studies
over the most recent 10 years of literature publications.
The electronic search algorithm utilized the following terms:
‘‘knee’’ AND ‘‘injection’’ AND ‘‘osteoarthritis.’’ Articles eligible for inclusion were randomized, prospective, placebocontrolled trials of evidence level 1 that evaluated injection
therapy for knee OA, in which the placebo was IA-NS. The
initial exclusion process was through a review of article
titles, abstracts, and study grade statements. If a question
arose as to whether the article met the criteria for exclusion,
the full-text article was reviewed. Articles were excluded for
the following reasons: comparison studies without a placebo-controlled cohort, placebo being something other than

Descriptive statistics were calculated for all variables after
normalizing for the cohort size, including means and SDs.
A random-effects model was used to compare preinjection
scores and scores at each postinjection time point where
available (when more than 2 studies provided the reported
score with mean and SD) in a pairwise fashion. An inverse
variance approach was used, and mean differences (MDs)
were reported from this model. The I2 statistic was used
to assess heterogeneity. Data were analyzed using RevMan
5.3 software (The Cochrane Collaboration). Additionally,
preoperative and postoperative subjective outcomes were
directly compared with reported MCIDs.2 These MCIDs
were determined by using currently available and defined
standards in the published literature: An established
MCID for the VAS pain score on a scale of 0 to 10 has
been suggested as 1.37,17 and an established MCID at 6
months after treatment for the WOMAC total score is 0.9
on a scale of 0 to 10 (or 9 on a 0-100 scale)[AQ: 1].38 Statistical significance was set for all testing at P \ .05.
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Figure 1. Flowchart of study inclusion according to Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. NS, normal saline; OA, osteoarthritis; RCT, randomized controlled trial.

RESULTS
After applying the aforementioned inclusion and exclusion
criteria, a total of 14 placebo cohorts in 13 studies were
appropriate for analysis (Figure 1). No additional studies
were added after the reference lists from these 13 studies
were reviewed to determine if additional articles existed
that were appropriate for inclusion. All articles were evidence level 1. The most common trial arm for comparison
to the IA-NS placebo-control group of interest was HA
(7/14; 50.0%), with PRP (2/14; 14.3%), CS (1/14; 7.1%),
low–molecular weight human albumin (1/14; 7.1%), interleukin-1 antagonist (1/14; 7.1%), transforming growth
factor–b1 (1/14; 7.1%), and clodronate (1/14; 7.1%) providing the additional trial arms. Five cohorts (35.7%) included
patients with KL grade 1 OA, 13 (92.9%) included patients
with KL grade 2 OA, 13 (92.9%) included patients with KL
grade 3 OA, and 7 (50.0%) included patients with KL grade
4 OA; 1 article reported patient inclusion by Ahlbäck
grades (including grades 1-3).
The 14 placebo cohorts included 1076 placebo-control
patients, with a weighted mean age of 62.53 years and
mean body mass index of 28.67 kg/m2; 36% were male.
Based on the studies available, there was only sufficient
information to perform analyses of VAS pain and WOMAC
total scores at 3 and 6 months, which came from only 4 of
the 13 studies; there were not enough documented data
among the studies to determine overall changes in the

Normal Saline Injections for Knee OA

3

VAS score after walking or at rest, the WOMAC stiffness
or function score, the IKDC subjective score, KOOS subscores, or the Lequesne functional index value at any postinjection time point (Table 1). At 3 months after the IA-NS
placebo injection, significant improvement was seen in the
VAS pain score (3 studies included, n = 210 patients; MD,
12.10 [95% CI, 3.27-20.93]; P = .007). The WOMAC total
score at 3 months after the injection improved considerably
(2 studies included, 180 patients; MD, 19.75 [95% CI, –0.50
to 40.09]; P = .06) but did not reach statistical significance.
At 6 months after the IA-NS placebo injection, VAS pain
scores (2 studies included, 180 patients; MD, 16.62 [95%
CI, 12.13-21.10]; P \ .00001) and WOMAC total scores (2
studies included, 180 patients; MD, 11.34 [95% CI, 7.0315.65]; P \ .00001) were significantly improved in comparison to preinjection values (Figure 2). None of these
patients required total knee arthroplasty during the study
period. In 1 study,5 there were 2 local postinjection reactions causing withdrawal from the study. In the remaining
studies, there were no recorded serious adverse events.
Our calculated change in the VAS pain score (D = 16.40
of 100[AQ: 3] at 6 months after the injection exceeds the
published MCID of 13.7, suggesting that IA-NS placebo
injections provide a statistically and clinically meaningful
improvement in knee pain for OA. The calculated change
in the WOMAC total score (D = 11.35[AQ: 4] at 6 months
after the placebo injection was greater than the published
MCID of 9, implying that the placebo intervention resulted
in a clinically significant improvement as well (Table 2). At
3 months after the intervention, MCID criteria did not
exist for these outcome variables and so could not be
compared.
There was no homogeneous reporting of patient satisfaction among the included studies. However, those studies
that reported some marker of patient satisfaction at the
postinjection time points demonstrated notable patient
improvements with the placebo injection (Table 3).

DISCUSSION
Our results suggest that the administration of an IA-NS
placebo injection yields a statistically and clinically meaningful improvement in PROs at 6 months after the injection
in patients with knee OA (KL grades 1-4). Furthermore, the
findings quantify the therapeutic response of the ‘‘placebo
effect’’ with IA-NS administration, providing a standard
minimum improvement value that future trial therapies
should surpass before clinical application. The grouped
effects are impressive considering that certain studies
have reported effect sizes of 0.2 to 0.3 for some conventional
pharmacological therapies (ie, oral analgesics and nonsteroidal anti-inflammatory drugs) [AQ: 5].28 As the results
of treatments are often reported in comparison to the placebo as a specific treatment effect, our data suggest that
investigators should focus not only on these comparative
effects but also the overall treatment effects in isolation.41
Additionally, there should be consideration for a placebocontrol arm as well as a ‘‘no-treatment arm’’ for randomized
controlled trials to distinguish these effects.1
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TABLE 1
PROs in the Included Studiesa
VAS
Study (Year)
Lee et al23 (2015)
Rossini et al34 (2015)
Yavuz et al39 (2012)
Bar-Or et al7 (2014)
Patel et al30 (2013)
Baltzer et al5 (2009)
Auw Yang et al4 (2008)
Huang et al20 (2011)
Navarro-Sarabia et al29 (2011)
Jorgensen et al21 (2010)
Lundsgaard et al24 (2008)
Petrella et al31 (2008)
Petrella and Petrella32 (2006)

WOMAC
KOOS
IKDC
After
Subjective Pain Rest Walking Total Pain Stiffness Function Total Pain Symptoms Sport LFI
XY

XY
X
X*

XY

XY
X

XY
X*Y*
X*Y*

X

Y*
X
XY
X
X

X
X
XY
XY
X*Y* X*Y*
X*Y*
Y

X
X*
X
XY
X*Y*

X
XY
X*Y*
XY

XY

XY

Y
XY

a
An ‘‘X’’ denotes that the PRO was provided at 3 months after the injection; a ‘‘Y’’ denotes that the PRO was provided at 6 months after the
injection. An asterisk (*) indicates that the SD was provided along with the mean score in the included study for both the preoperative and
postoperative time points, thus allowing for statistical comparisons to be made[AQ: 2]. IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; LFI, Lequesne functional index; PRO, patient-reported outcome; VAS, visual
analog scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

Figure 2. Random-effects model comparing preinjection to postinjection time points at 3 months and 6 months for visual analog
scale (VAS) pain and Western Ontario and McMaster Universities Arthritis Index (WOMAC) total scores.
Our findings for the efficacy of placebo injections are
similar to those proposed in prior publications for other
intra-articular options for knee OA. For example, PRP

was demonstrated by Gobbi et al15 to improve the VAS
pain score from 4.2 to 2.8 (D = 1.4) and from 4.3 to 3.2
(D = 1.1) of 10 at 12 months after treatment for 1- and
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TABLE 2
Improvement in Outcome Variables and Comparison to the MCID in the Literaturea
Outcome Variable

Calculated Weighted Mean Improvement

VAS pain score at 6 mo
WOMAC total score at 6 mo

D16.40 of 100
D11.35

MCID
D13.70 of 100
D9.00

Meets MCID?
Yes
Yes

a

MCID, minimal clinically important difference; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

TABLE 3
Markers of Patient Satisfaction at Time Points After the Placebo Injection
Study (Year)
30

Patel et al (2013)
Baltzer et al5 (2009)
Huang et al20 (2011)
Petrella et al31 (2008)

Patient Satisfaction After Injection
4.3% fully satisfied and 6.5% partially satisfied at final follow-up
Patient global assessment of satisfaction: 36% satisfied or better at 3 mo and 42% satisfied or better
at 6 mo after injection
Patient’s assessment of effectiveness: 45% reported ‘‘slightly improved’’ or better
Patient global assessment was, on average, 2 of 5 at 1 mo and 1 of 5 at 3 mo

2-cycle preparations, respectively. A CS injection was demonstrated by Askari et al3 to improve the VAS pain score
from 7.15 to 5.69 (D = 1.46) and 6.56 (D = 0.59) of 10 at 1
and 3 months after the injection, respectively. The same
authors3 demonstrated HA to improve the VAS pain score
from 7.52 to 6.63 (D = 0.89) and 6.70 (D = 0.82) of 10 at 1
and 3 months after the injection, respectively. If these literature references are extrapolated, they demonstrate
comparability, even superiority, of the findings for the placebo from this study in terms of the VAS pain score at 3
months (D = 12.10) and 6 months (D = 16.40[AQ: 6]) after
the injection.
Improvements in the WOMAC total score in the literature for PRP and HA have demonstrated relative comparability as well. Raeissadat et al33 reported an improvement
in the WOMAC total score in their cohort with PRP use at
1 year after the injection (from 39.50 to 18.44; D =
21.11)[AQ: 7]. These authors found substantially less
improvement in the WOMAC total score with their HA
cohort (from 28.69 to 27.46; D = 1.22), however. Meheux
et al25 systematically reviewed the literature and reported
improvements in the WOMAC score with PRP from 52.36
to 28.50 (D = 23.86) at 12 weeks and 22.80 (D = 29.56) at
26 to 52 weeks. With HA, the WOMAC score improved
from 52.05 to 43.40 (D = 8.65) at 12 to 26 weeks and
38.10 (D = 13.95) at 26 to 52 weeks. Overall, this PRO finds
similarity as well to the findings for the placebo from this
study in terms of the WOMAC total score at 3 months
(D = 19.75) and 6 months (D = 11.34) after the injection.
Current evidence suggests that the therapeutic benefits
from placebo treatments are a consequence of symptomatic
alterations but without true changes to the pathophysiology of the disease at hand. This is supported by the observation of the placebo response for continuous subjective
measures of disease activity and not when objective (physical examination or laboratory values) measures are incorporated.19,22,26 However, our data may suggest a true
biological effect of IA-NS in its use for OA of the knee. Specifically, our findings demonstrate that an intra-articular

placebo injection with normal saline achieves both a statistically and clinically meaningful effect in subjective pain
and knee function. Given these clinically noticeable
improvements after IA-NS placebo injections, our findings
ultimately call into question the use of IA-NS injections as
a null control group for comparison to investigative trial
arms, as saline may in itself provide a biological diseasemodifying effect. One hypothesis for this mechanism of
action is the dilution of inflammatory mediators within
the knee, providing relief of perceived pain and subjective
stiffness. As described previously, the power of the complex
interplay of psychological factors behind the ‘‘placebo effect’’
cannot be ignored as possible means for this improvement
as well. Regardless of the mechanism, such drastic improvements in pain and function warrant investigation of IA-NS
as a potential treatment option for knee OA. However,
determining an adequate control to IA-NS would also
remain challenging. Presumably, a sham group with a simple needle stick into the joint would remedy some concerns
for the potential biological therapeutic effect of IA-NS.
The placebo response in the recent literature has been
best reported for symptomatic improvement of patient
pain and distress, which are 2 important targets of symptoms in OA.1 Recently published data have suggested
that statistically significant predictors of the magnitude
of the placebo response in OA-related pain have included
an invasive route of delivery (such as by injection or even
in one case sham arthroscopic surgery),12,27,35 higher baseline pain,1 greater frequency of administration,40 and
higher treatment effect sizes.1 These effects are a consequence of complex neurobiological mechanisms of the brain
and their activation through various neurotransmitters.14
The credibility of the placebo effect has been enhanced
with the identification of patient-specific genetic codings
that are beginning to point out patients who are more
likely to respond to a placebo.16
Prior analyses on the topic of intra-articular placebo use
in knee OA have come short of defining an absolute effect
size of the placebo and comparing it to MCIDs to suggest
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a clinically significant benefit. Bannuru et al6 performed
a network meta-analysis on OA trials to evaluate the
effects of alternative (intra-articular, topical, oral) placebo
types on pain outcomes in knee OA. They determined that
this effect was not influenced by a patient’s perceived likelihood for being assigned randomly to the active treatment
arm. They additionally found an improvement with placebo administration in other subjective outcomes including
stiffness, self-reported function, and physician’s global
assessment; however, it lacked improvement in most objective outcomes (quadriceps strength, knee swelling and
range of motion, radiographic joint space narrowing). Their
conclusions suggested that all placebos are not equal and
that some can substantially alter estimates of the relative
efficacies of active treatments, although the purpose of
their study was not to determine an absolute placebo effect
size as is provided in our study results.
Zhang et al40 systematically reviewed the literature
involving 16,364 patients receiving a placebo for OA to
examine the placebo effect in its treatment and found it
considerably effective. The reported effect size was 0.51
(95% CI, 0.46-0.55) in comparison to the effect size of
nearly zero in patients who received absolutely no treatment. Conaghan et al9 additionally reported the differences in placebo interventions for knee OA. These authors
compared the effects of oral and topical placebos in 699
patients and found an effect size of 0.27 (95% CI, –0.01 to
0.55) favoring the topical placebo. Hrobjartsson and Getzsche18 performed a systematic review of 130 trials comparing treatment arms to placebo-control cohorts. They
reported that the placebo cohorts had small benefits in
studies with continuous subjective outcomes and for the
treatment of pain. A benefit from the placebo effect has
been found as well with the treatment of systemic and nonsystemic juvenile idiopathic arthritis.11
Our study does have inherent limitations. First, the chronicity of the pathogenesis of OA and the often-fluctuating
course of symptoms can make the placebo effect difficult to
estimate. Benefits over the course of the treatment followup may affect PROs and can include the natural variation
in disease severity, spontaneous improvements, or general
regression toward the mean.1 The selected trials presented
somewhat different study designs and included patients
with differing KL grades; the relatively low percentage of
overall patients being evaluated in the referenced studies
who have grade 4 changes may also not reflect the most common patients receiving injections in some orthopaedic practices. While the studies indicated that patients were
discouraged from utilizing coincident analgesic medications
to prevent confounding results, it is always possible in such
settings that the original data would be influenced if these
recommendations were not followed. The exact volume and
injection frequency differ for placebo injections among the trials as well. In addition, there is tremendous variability in the
MCID for the WOMAC score from prior publications; we
have selected our comparison MCID based on previous studies with similar methodology published in high-impact journals. Other studies2 have provided an MCID for the
WOMAC total score of as high as 11.5 at 6 months after
treatment; even so, the calculated change in the WOMAC
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total score with our analysis (D = 11.35) still nears this
mark and suggests clinical relevance[AQ: 8]. Additionally,
only a small number of the studies generated from our overall search were appropriate to include in the final meta-analysis. Finally, the heterogeneity in the PRO scores reported
among the studies, the lack of objective findings reported
(physical examination, radiographic evaluation) from the
included studies, and the lack of comparison to ‘‘no treatment’’ groups additionally limit our reporting of the intraarticular placebo effect generated on knee OA.

CONCLUSION
The administration of an IA-NS placebo injection yields
a statistically and clinically meaningful improvement in
PROs at 6 months after the injection in patients with
knee OA. This observation supports the notion that the
so-called placebo effect for IA-NS achieves a clinically
meaningful response in patients with OA and must be considered when reviewing comparative trials investigating
injectable therapeutics for the treatment of knee OA.
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