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Abstract

Objectives. To quantify the placebo effect of intraarticular injections for knee osteoarthritis in terms of pain, function, and
objective outcomes. Factors influencing placebo effect were investigated. Design. Meta-analysis of randomized controlled
trials; Level of evidence, 2. PubMed, Web of Science, Cochrane Library, and grey literature databases were searched
on January 8, 2020, using the string: (knee) AND (osteoarthritis OR OA) AND (injections OR intra-articular) AND (saline OR
placebo). The following inclusion criteria were used: double-blind, randomized controlled trials on knee osteoarthritis,
including a placebo arm on saline injections. The primary outcome was pain variation. Risk of bias was assessed using
the RoB 2.0 tool, and quality of evidence was graded following the GRADE (Grading of Recommendations Assessment,
Development and Evaluation) guidelines. Results. Out of 2,363 records, 50 articles on 4,076 patients were included. The
meta-analysis showed significant improvements up to the 6-month follow-up: Visual Analogue Scale (VAS)-pain —13.4 mean
difference (MD) (95% confidence interval [CI]: =21.7/=5.1; P < 0.001), Western Ontario and McMaster Osteoarthritis
Index (WOMACQC)-pain -3.3 MD (95% ClI: =3.9/-2.7; P < 0.001). Other significant improvements were WOMAC-
stiffness —1.1 MD (95% CI: —1.6/-0.6; P < 0.001), WOMAC-function —10.1 MD (95% CI: —12.2/-8.0; P < 0.001), and
Evaluator Global Assessment —21.4 MD (95% CI: =29.2/-13.6; P < 0.001). The responder rate was 52% (95% Cl: 40% to
63%). Improvements were greater than the “minimal clinically important difference” for all outcomes (except 6-month
VAS-pain). The level of evidence was moderate for almost all outcomes. Conclusions. The placebo effect of knee injections
is significant, with functional improvements lasting even longer than those reported for pain perception. The high, long-
lasting, and heterogeneous effects on the scales commonly used in clinical trials further highlight that the impact of placebo
should not be overlooked in the research on and management of knee osteoarthritis.
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remarkable results.® Indeed, the intraarticular administra-
tion of saline has been documented as the most effective
placebo for KOA,” with pain relief being perceived by the
patients as reaching the minimal clinically important differ-
ence (MCID).’ Nevertheless, the extent of the perceived

Introduction

Knee osteoarthritis (KOA) is the 11th cause of years lived
with disability according to the World Health Organization.!
Its chronicity leads over time to walking-related disability
and increases the development of vascular diseases, ulti-
mately causing a 1.55 higher risk ratio of death than that in
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the general population.? Intraarticular injections are a mini-
mally invasive approach that plays a key role in the man-
agement of this condition.>* There is great interest in
improving existing treatments and in developing new
intraarticular products, testing them in randomized con-
trolled trials (RCTs) to provide the highest level of evidence
of their effectiveness. However, studies on saline suggested
a large placebo effect of intraarticular injections.’

Saline is the most common placebo administered to con-
trol groups in RCTs of injective procedures, often showing
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effect beyond the short-term pain modulation remains to be
understood, and a more comprehensive evaluation of the
results of saline injections is needed to understand if the
response goes beyond a short-term pain modulating effect.'”
Understanding the overall effects of “placebo injections”
would help better plan future studies using saline as a con-
trol and to quantify the real effects of injective products.

The aim of the present meta-analysis was to quantify the
impact of placebo in the injective treatment of patients with
KOA not only in terms of knee pain but also regarding func-
tion and objective outcomes resulting from saline injec-
tions. Moreover, the determinants of the clinical outcome of
saline injections will be explored to evaluate whether differ-
ent study conditions may influence the placebo effect in
patients with KOA.

Materials and Methods

Data Sources

After the registration on PROSPERO (CRD42019137908),
PubMed (1974-2020), Web of Science (1990-2020),
Cochrane Library (no limits-2020), and gray literature data-
bases (isrctn.org, clinicaltrials.gov, greylit.org, and open-
grey.eu) were searched on January 8, 2020, with no time
limitations and without any filters, using the following
string: (knee) AND (osteoarthritis OR OA) AND (injections
OR intra-articular) AND (saline OR placebo).

Study Selection

The following studies were included: double-blind RCTs on
KOA including a placebo control arm undergoing knee
intraarticular saline injections; studies assigning both knees
of patients treated bilaterally to the same group; studies
reporting both baseline and follow-up data (or difference);
human studies; and studies published in English language.
Titles and abstracts were checked to exclude articles not rel-
evant to the study purpose. When not enough information
could be obtained from the abstract, the full-text article was
read to evaluate eligibility. The PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines were used.!! The article selection and
data extraction process was performed independently by 2
authors (GDLF, GM), with disagreement on study eligibil-
ity solved by a third author (DP). Patient/public involve-
ment was not be feasible for this study.

Data Extraction and Outcome Measures

The following information on trial methodology was
extracted: level of evidence, study design, inclusion/exclu-
sion criteria, blinding procedure, randomization procedure,
follow-up length, information on saline injection (volume,

timing, injections number), and experimental treatment
tested. Moreover, the following data on the study population
were extracted: number of patients screened, included, and
lost to follow-up; sex, age, body mass index (BMI), and OA
grade; patient-reported outcome measures (PROMs); com-
plication rate; functional test results; knee range of motion
(ROM); responder rate; and radiological results. When stan-
dard deviations were not available from the full-text articles,
they were estimated using established methods.'>'3> When
results could not be obtained from the text but were avail-
able in graphs, data were electronically extracted from the
graphs following the Cochrane guidelines.'*!3

The meta-analysis primary outcome was knee pain varia-
tion after saline injections, as measured with a Visual
Analogue Scale (VAS). Secondary outcomes were varia-
tions in the Western Ontario and McMaster Osteoarthritis
Index (WOMAC) subscores (pain, stiffness, function),
Evaluator Global Assessment (EGA), and responder rate.
Three different follow-up time points were analyzed: 1
month (4-6 weeks), 3 months (12-16 weeks), and 6 months
(24-28 weeks). Due to the paucity of studies reporting results
at 12 and 24 months, the analyses at these time points, and
pooled analyses of other PROMs, were not possible.
Moreover, the results in the PROMs were compared to the
previously reported MCID: 13.7/100 for VAS pain score,
1.5/20 for WOMAC pain score, 0.6/8 for WOMAC stiffness
subscore, and 4.6/68 for WOMAC function score.”'® For
responder rate analyses, 2 different time points were consid-
ered: 3 and 6 months. Two different analyses were performed
for the responder rate: (1) including all the studies reporting
it, independently from the criteria used, and (2) including
only the studies using the OMERACT-OARSI criteria, the
most used and accepted criteria in the field.!”

In addition, the influence of the following characteristics
of the included studies and patients on the response to saline
was tested: number of patients included, mean age, BMI,
baseline score values, amount of saline, number of injec-
tions, answers regarding the experimental product, and
symptom duration. Publication year and experimental treat-
ment were also analyzed to evaluate possible influences on
the effect of saline injection.

Risk of Bias and Quality of Evidence Assessment

The risk of bias was assessed using the revised tool for risk
of bias in randomized trials (RoB 2.0),'® and the overall qual-
ity of evidence for each outcome was graded according to the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) guidelines.'”

Statistical Analysis

The effect of saline injection was evaluated by comparing
the results of the saline group of every trial with the
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Figure |. PRISMA flowchart of the study selection process.

absence of effects that would have been provided by no
treatment (no-effect group). For continuous variables, the
mean difference between the values at the different fol-
low-ups and the baseline values were plotted against the
no-effect values; the standard deviation of the saline injec-
tion group was used as a measure of variance in the no-
effect group. For dichotomous variables, the effect of
saline injections was expressed as the risk difference
between the probability of the event in the saline injection
group and that in the no-effect group. Heterogeneity was
tested using Cochran’s Q statistic and the I* metric: > >
25% was the cutoff of significant heterogeneity, and a
fixed-effect model was used when > < 25%; otherwise, a
random-effect model was preferred.?’

The effect size of the change in the pain-VAS and
WOMAC-pain score after the injection of saline in the dif-
ferent studies was computed according to Cohen to assess
the influence of the study and patient characteristics on the
response to saline. The Kolmogorov-Smirnov test was

performed to test the normality of the evaluated effect sizes.
The Spearman rank correlation was used to assess the cor-
relation between the effect sizes and continuous and rank
data. The Kendall tau correlation was used to assess the cor-
relation between the effect sizes and the number of injec-
tions. Moreover, the general linear model was used to assess
the influence of the characteristics of studies and patients on
the effect size corrected for study dimension (fewer than 50
patients vs. more than 50 patients). The level of statistical
significance was set at P < 0.05. Analyses were performed
using RevMan 5.3 and SPSS Statistics 19.0.

Results

Characteristics of the Studies and Patients

The flowchart of the article selection process is reported in
Figure 1. Of the 2,363 records retrieved with the database
search, 50 articles were included in the meta-analysis. The



188S

CARTILAGE 13(Suppl 1)

injection protocol differed in the included studies in terms
of injection number, amount of injected saline, knee aspi-
ration, use of local anesthesia, and ultrasound guidance.
The follow-up length ranged from 6 weeks to 40 months.
The most common experimental drugs were hyaluronic
acid (22 studies), steroids (6 studies), platelet-rich plasma
(3 studies), and low-molecular-weight fraction of 5%
human serum albumin (3 studies). The outcomes reported
more frequently were VAS, WOMAC, EGA, and responder
rate. Further details of the included studies are reported in
Table 1.

Results of Placebo Injections

The pain improvement in terms of 0-100 VAS was —17.7
mean difference (MD) after 1 month (95% confidence
interval [CI]: —24.9/-10.5; P < 0,001), —17.9 MD after 3
months (95% CI: —24.5/-11.3; P < 0,001), and —13.4
MD after 6 months (95% CI: —21.7/-5.1; P < 0,001), and
for the WOMAC-pain subscore, the improvement was
—3.2 MD after 1 month (95% CI: —3.8/-2.5; P < 0,001),
—3.3 MD after 3 months (95% CI: —3.8/-2.7; P < 0,001),
and —3.3 MD after 6 months (95% CI. —3.9/-2.7; P <
0,001).

In addition to pain, a statistically significant improve-
ment was also reported for other scores. For the
WOMAC-stiffness subscore, the improvement after
saline injection was —1.1 MD after 1 month (95% CI:
—1.6/-0.6; P < 0,001), —1.3 MD after 3 months (95% CI:
-1.5/-1.0; P < 0.001), and —1.1 MD after 6 months
(95% CI: —1.5/-0.8; P < 0,001). For the WOMAC-
function subscore, improvement was —9.7 MD after 1
month (95% CI: —12.5/-6.9; P < 0,001), —10.5 MD after
3 months (95% CI:—-12.6/-8.5; P < 0,001), and —10.1
MD after 6 months (95% CI: —12.2/-8.0; P < 0,001). The
documented improvements were greater than the previ-
ously reported MCID for all the outcomes at all the fol-
low-ups except for 0-100 VAS at the 6-month follow-up
(summarized in Fig. 2; for specific forest plot analyses
see supplementary material).

The pooled responder rate after saline injections was
47% (95%C.1.: 36%/59%) and 52% (95%C.1.: 40%/63%)
after 3 and 6 months, respectively (Fig. 3). When only the
studies considering the OMERACT-OARSI criteria to
define patients response were included the responders rate
was 48% (95%C.1.: 38%/57%) and 56% (95%C.1.:
40%/72%) after 3 and 6 months, respectively. In terms of
the 0-100 EGA, a statistically significant improvement was
documented after 3 months (-17,5MD; 95%C.1.: -24,4/-
10,7; P < 0,001) and after 6 months (-21,4MD; 95%C.1.:
-29,2/-13,6; P < 0,001). Although a meta-analysis was not
possible due to the heterogeneity of the data, an improve-
ment of the knee ROM was reported in all 5 studies that
documented this outcome.?'-?°

Injection-Related Complications

Data on injection-related complications were reported in 41
out of 50 studies, whereas 9 studies did not provide infor-
mation about this outcome. The study with the highest com-
plication rate was the one of Bar-Or et al., which reported a
47% complication rate, although without specifying the
nature of the adverse event. In 13 out of 41 studies there
were no complications after placebo injection. Adverse
events manly consisted in local alterations: the most com-
mon adverse event was persistent pain after the injection,
which affected 6.3% of the patients (185/2,960 patients).
Other reported complications were local irritation (3.5%;
104/2,960 patients), swelling (1.0%; 29/2,960 patients),
joint effusion (0.9%; 18/2,960 patients), transient stiffness
(0.2%; 7/2,960 patients), and transient bleeding (0.2%;
6/2,960 patients). A summary of the injection-related com-
plications reported in the included studies is presented in
supplementary files.

Determinants of the Placebo Effect

The analysis of the characteristics that could be determi-
nants of the effect of saline injections showed that when the
experimental treatments presented better results, a higher
effect was also found for saline, both in terms of 0 to 100
VAS (p = 0.49, P = 0.01) and WOMAC-pain (p = 0.77, P
< 0.001). A significant negative correlation was found
between the answer to saline and the duration of KOA-
related symptoms (p = —0.70, P = 0.03). These correla-
tions were also confirmed when the data were corrected for
the number of patients included in the studies. No signifi-
cant correlation with the answer to saline injection was
found for the other factors studied.

Risk of Bias and Level of Evidence

The risk of bias was low in 13 studies, with some concerns
in 34 studies and high in 3 studies. The main reasons for the
presence of risk of bias were an unclear method for alloca-
tion concealment and the absence of an available preregis-
tered protocol that accounted for some risk of selective
reporting bias.

The level-of-evidence evaluation process for all the plot-
ted outcomes is reported in Table 2.

Discussion

The main finding of this meta-analysis is that placebo is
an important component of the effect of injective treat-
ments for patients with KOA, with saline injections being
able to provide relevant and long-lasting results not only
in terms of pain relief but also with respect to stiffness
resolution and function improvement. These results are
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Figure 2. Effect of placebo injection. The results of the meta-analysis in terms of VAS pain (0-100), WOMAC-pain (0-20),
WOMAC-stiffness (0-8), and WOMAC-function (0-68) at the different follow-ups (I month, 3 months, 6 months) are compared to
the previously reported MCID. Every quadrant reports data about one of the evaluated outcomes whereas axes report the related
scale: VAS pain (upper right), WOMAC-pain (bottom right), WOMAC-stiffness (bottom left), and WOMAC function (upper left).
The level of the documented improvement is represented by the colored area (red for VAS pain, blue for WOMAC pain, yellow
for WOMAC stiffness, green for WOMAC function), whereas the level of the central gray area represents the previously reported
MCID for each outcome. All the improvements at all the follow-ups go beyond the previously reported MCID, except for VAS-

pain at the 6-month follow-up.

both statistically and clinically significant and can be per-
ceived by patients up to 6 months.

The present meta-analysis showed that the placebo
effect exceeds what was previously reported in terms of
pain perception.®’ Pain improvement was higher than
what would be considered an MCID at 6 weeks and 3
months and decreased at the MCID level after 6 months,
proving to have a long-lasting effect. Similar results were
found in terms of stiffness and function with not only sta-
tistical but also clinically significant improvement follow-
ing saline injections that persisted even after 6 months.
This finding is reflected in the responder rate documented
in the different RCTs, which was approximately 50%,
meaning that almost half of the patients had a significant
response to the injection of a “supposed” inactive liquid.

This response persisted over time, with 47% of responders
after 3 months and 52% of responders after 6 months. The
effect of saline has also been documented in terms of
EGA, which is rated by the assessor and thus less subjec-
tive and theoretically less prone to the placebo effect.
Moreover, even if a meta-analysis was not possible for this
specific outcome, an improvement in knee ROM was
reported in all studies documenting it.2'"?> This result
might challenge the concept of saline being a “mere” pla-
cebo, as suggested by previous authors. Altman and col-
leagues hypothesized a therapeutic effect due to the
aspiration of excessive and pathologic synovial liquid
before the injection and the dilution of the inflammatory
molecules during the injection.®” However, this meta-
analysis showed no influence of procedure-related
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Saline Injection No effect

Study or Subgroup Events Total Events Total

Altman, 2004 48 119 0 119 10.7%
Conaghan, 2018 79 149 0 149 10.8%
Henrotin, 2017 20 31 0 31 9.1%
Jorgensen, 2010 115 159 0 159 11.0%
Kon, 2018 8 14 0 14 7.1%
Lozada, 2017 27 85 0 85 10.5%
Petterson, 2019 97 184 0 184 10.9%
Salottolo, 2018 13 24 0 24 8.4%
Strand, 2012 46 119 0 119 10.7%
Wobig, 1998 9 60 0 60 10.6%
Total (95% ClI) 944 944 100.0%
Total events 462 0

Test for overall effect: Z = 8.04 (P < 0.00001)

6-month follow-up
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Saline Injection No effect

Study or Subgroup Events Total Events Total

Altman, 2004 153 259 0 259 7.6%
Altman, 2009 45 259 0 259 7.7%
Brandt, 2001 17 69 0 69 7.3%
Chevalier, 2010 66 117 0 117 7.4%
Conaghan, 2018 55 149 0 149 7.5%
Hangody, 2018 55 66 0 66 7.4%
Henrotin, 2017 19 31 0 31 6.6%
Kon, 2018 9 14 0 14 5.6%
Lundsgaard, 2008 (20ml) 42 81 0 81 7.3%
Lundsgaard, 2008 (2ml) 33 80 0 80 7.3%
Navarro-Sarabia, 2011 64 94 0 94 7.4%
Petterson, 2019 102 184 0 184 7.5%
Schwappach, 2017 9 19 0 19 6.0%
Van Der weegen, 2015 58 96 0 96 7.4%
Total (95% CI) 1518 1518 100.0%
Total events 727 0

Test for overall effect: Z = 8.73 (P < 0.00001)

Weight M-H, Random, 95% CI
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Figure 3. Forest plot of the responders’ rate after 3 months and 6 months. The responders’ rate after saline injection is compared
to the absence of effect and the results are reported as risk differences.

variables, such as the amount of solution injected or the
number of injections performed. The demonstration of an
increased effect in studies in which more saline was
administered would have supported the hypothesis that,
beside the placebo effect, a dilution effect on the inflam-
matory molecules exists. No evidence was found support-
ing hypotheses advocating the disease-modifying role of
saline injection, but the debate is far from being resolved
and future scientifically robust studies comparing sham
injections and saline injections are needed to shed new
light on this issue. Nevertheless, even considering the doc-
umented effect of a “mere” placebo, the clinical impact of
intraarticular saline is highly relevant, in terms of pain,
stiffness, and functional scores. This finding is of particu-
lar importance in the field of research on KOA, since it
demonstrates that a clinically significant placebo effect

should always be expected for both symptoms and func-
tional outcomes after injections and should be accounted
for when planning new trials in which pain and functional
scores are commonly chosen as primary outcome.?8

The clinical relevance of these findings warrants further
research directed toward the underlying mechanisms and
the factors influencing the placebo response.?’ To investi-
gate possible caveats explaining these composite yet overall
highly significant effects of “placebo injections,” possible
predictors of a greater response to saline were evaluated:
the placebo effect size was found to be correlated to the
magnitude of the effect of the experimental product tested.
In this light, the greater improvement documented in the
experimental group could be mainly due to an increased
placebo effect rather than to actual effectiveness of the
tested drug. This possibility should be considered when



(@@@®) Yy ¢ Jo 10  (O@DB) 21e2pow § jo o ¢ (OODD)
MO 4 40 110 T (@) MO| A42A 4 JO INO | :3[EIS BPE.S-} B SBY JUSLISSISSE DIUBPIAD JO [2A3] JAVYD “IUBdHIUSIS A|[ed1Ul]d 30U ING JUBDYIUS]S A|[BI1ISIILIS S| SDUBIBYIP UBSW BY | = 4 ‘SISA[eue

ay2 ur L11pusdous18y UBDYIUSIS = , "DDUBIYIP UBS|] = A ‘[Bl4I P3]|OJIUOD PIZIWOPURL = | DY XPU| SHLIYLIBOSISQ JSISBI|\| PUE OLIBIUQ UJSISIAA = DVIWOAA 9[edS an3ojeuy [ensiA = SYA

EELACT TN
(419MO] £G°E| 03 JBMO| TT'6T) 19MO| 6€° 1T AW Ooos suoN SnoLISs 10N SNOLISS 10N <ShOLISg SNOLI3S 10N (s1DY ¥) 9Ty
(001 ©3 0 Wo.y 9Jeds {syeam 97 03 SHPam 7z d3ued :dn-moj||0)) JUSWSSISSE [BqO|S .I03BN[BAT
EELACT TN
(4om0| 89°0| 03 19MO| 9€°HT) 49MO| TS/ | AW Ooes auoN SNoLIaS 10N snoLIas 10N LSNOLIag SNOLISS 10N (s1DY 2) SbS
(001 ©3 0 Wo.y 9[eds {syeam 9| 03 HPam 7| 3ued :dn-moj|0)) JUSWSSISSE [BqO|S .I03BN[BAT
EELACTCTA]
(49MO] Gg°/ 03 Jamo| £7°7|) 4omo| 60°01 AW Oood auoN snoLIss 10N SNoLISS 10N SNOLIBS SNoLI3s 10N (s1DY S1) £65°1
(89 03 ( Wo.y 9[eds !syeaMm 97 03 SHPam 7T 3ued :dn-moj|o)) uoldUNg DVINOAA
EELACLICTA]
(42MO]| 8/°Q 01 JoMO| [§'|) 4aMO| || AN Oeeo auoN snoLIas 10N SNoLI3s 10N SNOLIBS SNoLIas 10N (s1DY 11) £81°1
(8 03 0 WOy 9[ES ‘SH9aM 9T 01 $HPaM 7 d8uel :dn-mo||0)) SSBUYIS DVINOAA
ERLACL TN
(49MO| | £ 03 JOMO| T6'E) JoMO| | €€ AW Oooo auoN SNOLI9S 0N SNoLI9s 10N RUICIRETN SNOLI9S 10N (s1DY S1) €€9°1
(07 03 0 Wouy 3[eds s99Mm 97 01 SHPam 7T d3ued :dn-moj|0}) Ured DVINOAA
ERLAC TN
(42Mo| 75°8 03 JaMO| £§T|) 4oMO| $S°0| AW Oooo suoN SNoLISs 10N SNoLISs 30N «SNOLISg SNoLI3s 30N (s1DY 81) ¥+5°I
(89 03 0 WoOJ) 3[BIS !$H9aM 9| 03 HPIM 7| 93ued :dn-moj|oj) uoldUNg DYINOA
EELACT TN
(49MO] 66°0 03 J9MO| §'|) Jomo| ST'| AW Ooos suoN SnoLISs 10N SNOLISS 10N <ShOLISg SNOLI3S 30N (s1DY €1) 980°1
(8 01 0 Wo.y 3[eIS !SH99M 9| 03 sHaM T | d8uel :dn-mo||0)) SSAUYIS DYINOAA
EELACT TN
(49MO| 7/°T 03 Jomo| 08'€E) 4omo| 97°€ AN Oooo ElIN] SNoLI9s J0N SNolLIas 0N +SNOLIAS SnolLIas J0N (s1DY 72) 986°1
(07 ©3 0 Wouy 3[eds syeam 9| 03 yPam 7| d3ued :dn-moj|0}) Ured DVINOAA
EELACTCTA]
(419MO] |6'9 03 J9MO| $G°T|) JaMmO| 726 AW Oooo auoN snoLIss 10N SNoLISs 10N SNOLIBS SNoLI3S 10N (s12Y 11) $00°1
(89 03 () WOy S[edS {S}o9M 9 01 $HP9M § d8uel :dn-mo||0)) uondUN4 DVYINOAM
EELACLICTA]
(49MO] 9" 01 JOMO| £9°|) JoMO| || AN Oeeo auoN snoLIas 10N SNoLI3s 10N SNOLIBS SNoLIas 10N (s1DY ) 6€S
(8 03 0 WoO.y 9[eDS !S99M 9 01 $HPIM { a3uel :dN-MO||0)) SSBUYNIS DVINOAA
EELACL TN
(419MO| 94,7 03 JOMO] H8'E) JaMO| §|'E AW Oooo suoN SNOLI9S J0N| sNoLIas 10N (SNOLISS SNOLISS 10N (s1DY £1) 1§5°1
(07 03 0 Wouy 3Jeds {S29M 9 01 $HPaM }, a8uel :dn-moj|o)) uled DVINOAA
Y3IH
(€9 03 Ot wouy) 00| 4od suspuodsau 7§ PPDD uojzeosse uo.aig SNoLIas J0N SNoLJIas J0N +SNOLI3g SnolJas J0N (s1D¥ ¥1) 815°1
(s>199Mm 97 03 HPam 77 28ued :dn-moj|oj) 3ed siopuodsay
Y3iH
(65 ©3 9¢ wouy) 00| 4od suspuodsau /4 PPDD uolzeosse uo.ag SNOLIas J0N SNoLIas 0N +SNOLIdS SnoLIas J0N (s1D4 01) ¥¥6
(>}99m 9| 01 sy@am 7| d3uel :dn-moj|oj) 21ed suopuodsay
Mo
(49MoO] | |°G 03 JomO| 89" | 7) 4omo| 6€€| AW O0Oss ElIN] JSnoLsg SNoLIas 0N +SNOLIAS snolLIas J0N (s1DY Z1) €¥€l
(001 03 0 Wouy 3eds ‘$Hj9aM 97 03 HPM 7 a8ued :dn-moj|0)) SYA
EELACT TN
(49MoO] €7 | 03 JoMO| /HHT) 4omo| 68/ AW Oooo auoN snoLISs 10N SNoLISS 10N SNOLIBS SNOLI3S 10N (s1DY¥ 17) SIS°1
(001 03 0 Wouy Beds ‘$Hj9aMm 9| 01 HPaM 7| a3ued :dn-moj|0)) SYA
EELACL TN
(41oMO] GH°0| O3 JAMO| T6'HT) 19MO| 69/ AW Oeeo auoN snoLIas 10N SNoLI3s 10N SNOLIBS SNoLIas 10N (s1D¥ 91) €81°1
(001 03 0 Wouy 3[eds (HPOM 9 01 HP9aM } d8uel :dn-mo||0)) SYA
QUIIES YIIAA 2UDIaYIQ YShy/uBd) 93uspiAg Jo Aend seig uoneslqng uoisiaidw) S$S9UIdBIPU| Aousasisuodu) seig Jo sty (so1pnag) sauedidney
53293 9Injosqy
s3uipuyy jo Arewwing JUBWISSISSY Auerso)

*S|1B39(] JUSWISSISSY DUSPIAT JO [9ADT YIUAA SHIIYILIBOISO 93U Ul UONDI3[U| Buljes Jo snsay ay3 jo AJewwng g d|qel

1925



Previtali et al.

1935

interpreting RCT results, which should always be evaluated
with respect to the entity behind the placebo effect in the
specific testing condition and at the specific follow-up time.
Factors such as patient perception of the treatment or the
attitude of the physician could play a key role in determin-
ing the entity behind the placebo effect, although these
determinants remain difficult to quantify.® Interestingly,
the duration of symptoms before treatment was found to be
inversely related to the answer to saline injections. It is
likely that patients who experience KOA for a longer time
have a more severe disease and are less prone to respond to
placebo or, more generally, to an injective treatment.’! On
the other hand, no correlation was documented for baseline
KOA characteristics, such as baseline pain. Similarly,
patient-related characteristics, such as age and BMI, were
not found to be related to the effect size in the saline groups,
which allows us to extend the meta-analysis findings on the
placebo effect to almost all patients undergoing injections
for KOA.

Previous studies have focused on the importance of the
placebo effect in the field of KOA. In 2008, Zhang and col-
leagues analyzed placebo-controlled trials (including non-
RCTs) in OA and found that the placebo effect is more
pronounced in studies of hand OA, when the active treat-
ment is more effective; in studies with a higher sample size,
when baseline pain is greater; and of particular interest for
the present study, when placebo is administered with an
injection.’> The stronger impact of intraarticular placebo
injection when compared to oral and topical placebo was
confirmed in a network meta-analysis by Bannuru and col-
leagues and then quantified by Altman and colleagues, who
documented a statistically significant effect size of 0.61 in
terms of pain relief after saline injections.®’ In 2016,
Saltzman and colleagues performed a meta-analysis of 3
studies suggesting a clinically, rather than only statistically,
significant effect of saline injections in decreasing pain in
patients with KOA. The present meta-analysis of 48 RCTs
confirms the high effect size of the placebo effect of saline
injections and for the first time underlines that this effect
exceeds the short-term pain modulation (significantly influ-
encing knee stiffness and function) and EGA, with an even
longer-lasting effect on more objective outcomes than on
pain perception.’

The inclusion of double-blind RCTs with a low to mod-
erate risk of bias in this meta-analysis produced strong evi-
dence. However, there are still some limitations. Regression
to the mean is commonly observed in clinical trials and the
observed symptoms improvement after saline injections
could be a combination of placebo effect and of regression
to the mean effect. Even though it was impossible to take
into account the regression to the mean effect due to the
single-group analysis design, this meta-analysis quantified
the response that should be expected in clinical trials after
saline injections, documenting that it goes beyond the

MCID. This further underlines the need to have placebo
arms in double-blind clinical trials. Some of the subanaly-
ses, such as the one focused on the experimental products
tested, were not possible due to the low number of trials.
Similarly, some possible determinants of the response to
saline, such as symptom duration, the use of local anesthe-
sia, and preinjection arthrocentesis, were not reported in all
trials. Site/investigator/study coordinator effects could not
be analyzed as well. Finally, there was heterogeneity in the
placebo administration protocols, thus hindering the possi-
bility of performing subanalyses based on the injection pro-
tocol and introducing heterogeneity in the results. Such
limitations reduced the strength of the conclusion on the
determinants of the response to intraarticular saline.
However, this drawback does not affect the overall conclu-
sion on the clinical relevance of the placebo effect follow-
ing injections, for which the level of evidence is moderate
for almost all outcomes.

This meta-analysis documented and quantified the statis-
tically and clinically significant improvement after saline
injections in terms of pain relief, stiffness resolution, func-
tional impairment, and EGA improvement. While the
mechanism and the determinants of these effects remain
uncertain, the placebo effects are high, persistent, and even
stronger when saline is used as a control for more effective
treatments. Moreover, while the effect on pain decreased
over time, it was stable for up to 6 months with respect to
functional scores, which are commonly used as the primary
outcome in RCTs on new injective treatments. This meta-
analysis documented high, long-lasting, and heterogenecous
effects, urging not to overlook the impact of placebo in the
research on and management of KOA.
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